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Printing and Saving Instructions
TLC recommends that you download and save this pdf document and
assignment to your computer desktop and open it with Adobe Acrobat DC
reader.
Adobe Acrobat DC reader is a free computer software program and you can
find it at Adobe Acrobat’s website.
You can complete the course by viewing the course on your computer or you
can print it out. This course booklet does not have the assignment (the test).
Please visit our website and download the assignment (the test).
Printing Instructions: Once you have purchased the program, we will give
you permission to print this document. If you are going to print this
document, it was designed to be printed double-sided or duplexed but can
be printed single-sided.
Internet Link to Assignment…
http://www.abctlc.com/downloads/PDF/OSSFASS.pdf
State Approval Listing Link, check to see if your State accepts or has preapproved this course. Not all States are listed. Not all courses are listed. Do
not solely trust our list for it may be outdated. It is your sole responsibility to
ensure this course is accepted for credit. No refunds.
Professional Engineers; Most states will accept our courses for credit but
we do not officially list the States or Agencies acceptance or approvals.
State Approval Listing URL…
http://www.abctlc.com/downloads/PDF/CEU%20State%20Approvals.pdf

You can obtain a printed version from TLC for an additional $149.95 plus
shipping charges.
All downloads are electronically tracked and monitored for security
purposes.
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Some States and many employers require the final exam to be proctored.
Do not solely depend on TLC’s Approval list for it may be outdated.
A second certificate of completion for a second State Agency $50 processing fee.
Most of our students prefer to do the assignment in Word and e-mail or fax the assignment
back to us. We also teach this course in a conventional hands-on class. Call us and
schedule a class today.

Responsibility
This course contains EPA’s federal rule requirements. Please be aware that each state
implements septic / wastewater / safety regulations that may be more stringent than
EPA’s or OSHA’s regulations. Check with your state environmental agency for more
information. You are solely responsible in ensuring that you abide with your jurisdiction
or agency’s rules and regulations.
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Copyright Notice
1999-2021 Technical Learning College (TLC) No part of this work may be reproduced or
distributed in any form or by any means without TLC’s prior written approval. Permission
has been sought for all images and text where we believe copyright exists and where the
copyright holder is traceable and contactable. Other materials including text and artwork
are in the public domain or fair use (the state of belonging or being available to the public
as a whole, and therefore not subject to copyright.) All material that is not credited or
acknowledged or referenced in the rear of this course is the copyright of Technical
Learning College. All other unacknowledged references are in TLC’s Safety, Pump,
Sampling and Chemistry courses in the rear of those manuals. Most unaccredited
photographs have been taken by TLC instructors or TLC students. All written, graphic,
photographic or other material is provided for educational information only. We will be
pleased to hear from any copyright holder and will make good on your work if any
unintentional copyright infringements were made as soon as these issues are brought to
the editor's attention. This educational training course and assignment is intended for
educational purposes only. Every possible effort was made to ensure that all information
provided in this course is accurate. Therefore, Technical Learning College accepts no
responsibility or liability whatsoever for the application or misuse of any information
included herein.
Requests for acknowledgements or permission to make copies shall be made to the
following address: TLC, P.O. Box 3060, Chino Valley, AZ 86323
Information in this document is subject to change without notice. TLC is not liable for errors
or omissions appearing in this document.
Contributing Editors
James L. Six Received a Bachelor of Science Degree in Civil Engineering from the
University of Akron in June of 1976, Registered Professional Engineer in the State of Ohio,
Number 45031 (Retired), Class IV Water Supply Operator issued by Ohio EPA, Number
WS4-1012914-08, Class II Wastewater Collection System Operator issued by Ohio EPA,
Number WC2-1012914-94
Joseph Camerata has a BS in Management with honors (magna cum laude). He retired
as a Chemist in 2006 having worked in the field of chemical, environmental, and industrial
hygiene sampling and analysis for 40 years.
James Bevan, Water Quality Inspector S.M.E. Twenty years of experience in the
environmental field dealing with all aspects of water regulations on the federal, state, and
local levels. Teacher and Proctor in Charge for Backflow Certification Testing at the
ASETT Center in Tucson for the past 15 years and possess an Arizona Community
College, Special Teaching Certificate in Environmental Studies.
Dr. Pete Greer S.M.E., Retired biology instructor, chemistry and biological review.
Jack White, Environmental, Health, Safety expert, City of Phoenix. Art Credits.
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Important Information about this Manual
This manual has been prepared to educate employees in the general awareness of
dealing with complex septic and wastewater collection procedures and requirements for
safely handling hazardous and toxic materials. The scope of the problem is quite large,
requiring a major effort to bring it under control. Employee health and safety, as well as
that of the public, depend upon careful application of safe sewer collection procedures.
This manual will cover general laws, regulations, required procedures and generally
accepted policies relating to septic and wastewater collection systems. It should be
noted, however, that the regulation of wastewater and other hazardous materials is an
ongoing process and subject to change over time. For this reason, a list of resources is
provided to assist in obtaining the most up-to-date information on various subjects.
This manual is not a guidance document for employees who are involved with septic
systems or pollution control or wastewater treatment. It is not designed to meet the
requirements of the United States Environmental Protection Agency (EPA) or Department
of Labor-Occupational Safety and Health Administration (OSHA) or state environmental
or health departments.
This course manual will provide general educational awareness guidance of septic
systems and wastewater collection. This document is not a detailed septic or wastewater
treatment textbook or a comprehensive source book on occupational safety and health.
Technical Learning College or Technical Learning Consultants, Inc. makes no warranty,
guarantee, or representation as to the absolute correctness or appropriateness of the
information in this manual and assumes no responsibility in connection with the
implementation of this information.
It cannot be assumed that this manual contains all measures and concepts required for
specific conditions or circumstances. This document should be used for educational
guidance and is not considered a legal document.
Individuals who are responsible for the collection of wastewater, septic system or
treatment or the health and safety of workers at wastewater sewer facilities should obtain
and comply with the most recent federal, state, and local regulations relevant to these
sites and are urged to consult with OSHA, EPA, and other appropriate federal, state,
health, and local agencies.
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Technical Learning College’s Scope and Function
Welcome to the Program,
Technical Learning College (TLC) offers affordable continuing education for today’s working
professionals who need to maintain licenses or certifications. TLC holds several different
governmental agency approvals for granting of continuing education credit.
TLC’s delivery method of continuing education can include traditional types of classroom lectures
and distance-based courses or independent study. TLC’s distance based or independent study
courses are offered in a print - based distance educational format. We will beat any other training
competitor’s price for the same CEU material or classroom training.
Our courses are designed to be flexible and for you do finish the material on your leisure. Students
can also receive course materials through the mail. The CEU course or e-manual will contain all
your lessons, activities and instruction to obtain the assignments. All of TLC’s CEU courses allow
students to submit assignments using e-mail or fax, or by postal mail. (See the course description
for more information.)
Students have direct contact with their instructor—primarily by e-mail or telephone. TLC’s CEU
courses may use such technologies as the World Wide Web, e-mail, CD-ROMs, videotapes and
hard copies. (See the course description.) Make sure you have access to the necessary
equipment before enrolling, i.e., printer, Microsoft Word and/or Adobe Acrobat Reader. Some
courses may require proctored closed-book exams depending upon your state or employer
requirements.
Flexible Learning
At TLC, there are no scheduled online sessions or passwords you need contend with, nor are you
required to participate in learning teams or groups designed for the "typical" younger campus
based student. You can work at your own pace, completing assignments in time-frames that work
best for you. TLC's method of flexible individualized instruction is designed to provide each
student the guidance and support needed for successful course completion.
Course Structure
TLC's online courses combine the best of online delivery and traditional university textbooks. You
can easily find the course syllabus, course content, assignments, and the post-exam
(Assignment). This student friendly course design allows you the most flexibility in choosing when
and where you will study.
Classroom of One
TLC offers you the best of both worlds. You learn on your own terms, on your own time, but you
are never on your own. Once enrolled, you will be assigned a personal Student Service
Representative who works with you on an individualized basis throughout your program of study.
Course specific faculty members (S.M.E.) are assigned at the beginning of each course providing
the academic support you need to successfully complete each course. Please call or email us for
assistance.

9
TLC OSSF ©1/1/2021

(866) 557-1746

Satisfaction Guaranteed
We have many years of experience, dealing with thousands of students. We assure you, our
customer satisfaction is second to none. This is one reason we have taught more than 40,000
students.

We welcome you to do the electronic version of the assignment and submit the answer key and
registration to us either by fax or e-mail.
If you need this assignment graded and a certificate of completion within a 48-hour turn around,
prepare to pay an additional rush charge of $50.

Contact Numbers
Fax (928) 468-0675
Email Info@tlch2o.com
Telephone (866) 557-1746
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CEU COURSE DESCRIPTION
On-Site Septic Facility Operations (OSSF)
An on-site sewage facility (OSSF) is a system for the treatment and disposal of wastewater less
than 5000 gallons per day (gpd) that is generated and disposed on that site. Various means of
treatment and disposal are available.
This CEU course is designed for the continuing education, knowledge, and enhancement
primarily for onsite installers, and service providers, and generally for wastewater collection
system operators, pretreatment/industrial wastewater operators, and wastewater treatment
operators.
The target audience for this course is the person interested in working on or with onsite sewage
treatment or septic tanks or in a wastewater treatment or collections facility and/or wishing to
maintain CEUs for certification license or to learn how to perform their job safely and effectively,
and/or to meet education needs for promotion. This is not a comprehensive onsite, wastewater
treatment or collections manual.
This CEU training course reviews various onsite septic collection methods and related capacity,
management, operation, and maintenance subjects. This course is general in nature and not state
specific, but contains different onsite wastewater collection/ treatment methods, rules, policies,
soil determination methods and pumping information. This information is essential to properly
operate any onsite sewer or septic facility system.
There are no prerequisites, and no other materials are needed for this course.
General Course Objective
To provide ten hours of continuing education training in effective and efficient onsite wastewater
treatment, pumping, collection and general onsite operating procedures.
Course Statement of Need
Each new or altered single family dwelling, multi-family dwelling, business, commercial, or
industrial structure must be connected to an approved On-Site Sewage Facilities (OSSF) or be
connected to an authorized wastewater disposal system. All onsite installers and related
personnel need to be able to properly install and maintain On-Site Sewage Facilities (OSSF) to
ensure that pollution does not contaminate groundwater, lakes, rivers and that public health is not
at risk from waterborne pathogens.
Course Focus
This course will focus on components and purpose of an onsite sewage system, basic onsite
treatment processes, system design standards and practices, onsite operation and maintenance
(O&M) and onsite wastewater treatment systems and components.
Prerequisite
Basic math knowledge on at a high school level is recommended for successful completion of this
course. Basic water chemistry techniques/procedures/reactions and properly demonstrate proper
and safe operation of various laboratory equipment utilized for general water and wastewater
examination and water quality concerns.
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General Learning Objectives
1. The student will understand and describe the components and purpose of an onsite sewage
system.
2. The student will understand and describe basic onsite treatment processes.
3. The student will understand and describe system design standards and practices.
4. The student will understand and describe the construction techniques – phases of an onsite
treatment system.
5. The student will understand and describe onsite operation and maintenance (O&M).
6. The student will understand and describe onsite wastewater treatment systems and
components.
7. The student will understand and describe sampling soils in relationship to onsite disposal.
8. The student will understand and describe onsite residuals (Septage).
9. The student will understand and describe capacity development relating to onsite permitting.
Course Procedures for Registration and Support
All of Technical Learning College’s distance learning courses have complete registration and
support services offered. Delivery of services will include, e-mail, web site, telephone, fax and
mail support. TLC will attempt immediate and prompt service. When a student registers for a
correspondence course, he/she is assigned a start date and an end date. It is the student's
responsibility to note dates for assignments and keep up with the course work. If a student falls
behind, he/she must contact TLC and request an end date extension in order to complete the
course. It is the prerogative of TLC to decide whether to grant the request. All students will be
tracked by a unique number assigned to the student.
Instructions for Written Assignments
The OSSF CEU Training course uses a multiple choice style answer key. You can write your
answers in this manual or type out your own answer key. TLC would prefer that you fill out and
fax or e-mail the final examinations to TLC but it is not required.
Feedback Mechanism (examination procedures)
Each student will receive a feedback form as part of their study packet. You will be able to find
this form in the front of the course assignment or lesson.
Security and Integrity
All students are required to do their own work. All lesson sheets and final exams are not
returned to the student to discourage sharing of answers. Any fraud or deceit and the student
will forfeit all fees and the appropriate agency will be notified.
Grading Criteria
TLC will offer the student either pass/fail or a standard letter grading assignment. If TLC is not
notified, you will only receive a pass/fail notice.
Required Texts
The OSSF CEU training course will not require any other materials. This course comes complete.
No other materials are needed.
Environmental Terms, Abbreviations, and Acronyms
TLC provides a glossary that defines, in non-technical language, commonly used environmental
terms appearing in publications and materials. It also explains abbreviations and acronyms used
throughout the EPA and other agencies. You can find the glossary in the rear of the manual.
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Recordkeeping and Reporting Practices
TLC will keep all student records for a minimum of seven years. It is your responsibility to give
the completion certificate to the appropriate agencies. TLC will mail a copy to State that will
require a copy from the Training Provider.
ADA Compliance
TLC will make reasonable accommodations for persons with documented disabilities. Students
should notify TLC and their instructors of any special needs.
Course content may vary from this outline to meet the needs of this particular group.
Prerequisites: None
Note to students: Keep a copy of everything that you submit. If your work is lost you can
submit your copy for grading. If you do not receive your certificate of completion or quiz results
within two or three weeks after submitting it, please contact your instructor. We expect every
student to produce his/her original, independent work.
Any student whose work indicates a violation of the Academic Misconduct Policy (cheating,
plagiarism) can expect penalties as specified in the Student Handbook, which is available through
Student Services; contact them at (928) 468-0665. A student who registers for a Distance
Learning course is assigned a "start date" and an "end date." It is the student's responsibility to
note due dates for assignments and to keep up with the course work. If a student falls behind,
she/he must contact the instructor and request an extension of her/his end date in order to
complete the course. It is the prerogative of the instructor to decide whether or not to grant the
request.
Your assignments are due on time. Any assignment or mailed-in examination that is one to five
days late will be marked down one letter grade. Any assignment or mailed-in examination that is
turned in later than five days will not be accepted and will be recorded in my grade book as “nonparticipating” and you can be withdrawn from class. (See final grade options.)
Continuing Education Units
You will have 90 days from receipt of this manual to complete it in order to receive your Continuing
Education Units (CEUs) or Professional Development Hours (PDHs). A score of 70% or better
is necessary to pass this course. If you should need any assistance, please visit our Assistance
Page on the website. Please e-mail all concerns and the final test to info@tlch2o.com.
Failure
If the student fails the examination, they are provided with two more chances to successfully pass
the exam with a score of 70% or better. The student may receive a different and randomly
generated exam.
Upon failure of an exam, the student can submit their concerns in writing or submit a survey form
and has the option to receive instructor assistance that would be equivalent to conventional
classroom assistance in discovering the areas that are deficient. The instructor has the option in
describing the assistance method or procedure depending upon the student’s deficiencies.
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Forfeiture of Certificate (Cheating)
If a student is found to have cheated on an examination, the penalty may include--but is not limited
to--expulsion; foreclosure from future classes for a specified period; forfeiture of certificate for
course/courses enrolled in at TLC; or all of the above in accordance with TLC’s Student
Manual. A letter notifying the student’s sponsoring organization (State Agency) of the individual's
misconduct will be sent by the appropriate official at TLC. No refund will be given for paid courses.
An investigation of all other students that have taken the same assignment within 60 day period
of the discovery will be re-examined for fraud or cheating. TLC reserves the right to revoke any
published certificates and/or grades if cheating has been discovered for any reason and at any
time. Students shall sign affidavit agreeing with all security measures. The student shall submit
a driver’s license for signature verification and track their time worked on the assignment. The
student shall sign an affidavit verifying they have not cheated and worked alone on the
assignment.
Disclaimer and Security Notice
The student shall understand that it their responsibility to ensure that this CEU course is either
approved or accepted in my State for CEU credit. The student shall understand and follow State
laws and rules concerning distance learning courses and understand these rules change on a
frequent basis and will not hold Technical Learning College responsible for any changes. The
student shall understand that this type of study program deals with dangerous conditions and will
not hold Technical Learning College, Technical Learning Consultants, Inc. (TLC) liable for any
errors or omissions or advice contained in this CEU education training course or for any violation
or injury caused by this CEU education training course material.
Security and Integrity
All students are required to do their own work. All lesson sheets and final exams are not returned
to the student to discourage sharing of answers. Any fraud or deceit and the student will forfeit
all fees and the appropriate agency will be notified. A random test generator will be implemented
to protect the integrity of the assignment.
Student Assistance
The student shall contact TLC if they need help or assistance and double-check to ensure my
registration page and assignment has been received and graded.
Final Examination for Credit
Opportunity to pass the final comprehensive examination is limited to three attempts per course
enrollment.
Instructions for Written Assignments
The OSSF Operations CEU Training course uses a multiple-choice answer key.
Required Texts
The OSSF Operations CEU course CEU training course comes complete, no other materials are
necessary.
Recordkeeping and Reporting Practices
TLC will keep all student records for a minimum of seven years. It is the student’s responsibility
to give the completion certificate to the appropriate agencies. TLC will not release any records
to any party, except to the student self. We will send the required information to required States
for your certificate renewals.
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ADA Compliance
TLC will make reasonable accommodations for persons with documented disabilities. Students
should notify TLC and their instructors of any special needs. Course content may vary from this
outline to meet the needs of this particular group.
Mission Statement
Our only product is educational service. Our goal is to provide you with the best possible
education service possible. TLC will attempt to make your learning experience an enjoyable
opportunity.
Educational Mission
The educational mission of TLC is:
To provide TLC students with comprehensive and ongoing training in the theory and skills needed
for the environmental education field,
To provide TLC students with opportunities to apply and understand the theory and skills needed
for operator certification,
To provide opportunities for TLC students to learn and practice environmental educational skills
with members of the community for the purpose of sharing diverse perspectives and experience,
To provide a forum in which students can exchange experiences and ideas related to
environmental education,
To provide a forum for the collection and dissemination of current information related to
environmental education, and to maintain an environment that nurtures academic and personal
growth.

When the Student finishes this course…
At the conclusion of this course:
To provide ten hours (or depending upon your State) of continuing education training in effective
and efficient onsite wastewater treatment, collection and general operating procedures.
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Always be careful of all construction and maintenance concerns for everything in the
sewer or septic field is dangerous and many operators have be injured and killed.
This course contains general EPA’s CWA federal rule requirements. Please be aware
that each state implements septic / wastewater / safety / environmental / building
regulations that may be more stringent than EPA’s regulations.
Check with your State septic/environmental/health agency for more information. These
rules change frequently and are often difficult to interpret and follow. Be careful to not be
in non-compliance and do not follow this course for proper compliance.
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Topic Legend
This CEU course covers several educational topics/functions/purposes of onsite and/or
wastewater collection operations. The topics listed below are to assist in determining which
educational area is covered in a specific topic area:
CO: Having to do with the wastewater collections system leading to the onsite facility or septic
tank. Could be regular or emergency work. This is O&M training for collection operators.
CRAO: The regulatory and compliance component. May be a requirement of the city, county
permitting, compliance, non-compliance, any part of the permitting or permit obtaining
procedures. Having to do with water quality or pollutants. May be a requirement of your NPDES or
discharge permit. This along with the EPA information is to satisfy the regulatory portion of your
operator training.
ENGINEERING (EN): Having to do with scientific or engineering principles, laws or theories of
onsite or sub-surface onsite wastewater facility or septic tanks or soil analysis or perk testing.
FLUID MECHANICS (FM): Having to do with hydraulic or fluid mechanics. A highly technical and
specialized engineering field. This may be considered O&M training for many operators or credit
for pump engineers or pump mechanics.
MOTOR: Having to do with the electrical-mechanical portion of moving water. This may be
considered O&M training for many operators. Maybe good for credit for those who hold an
electrician or instrumentation certification.
O&M: This area is for normal operation and/or maintenance of the onsite facility, plant and/or
sewer collection system. O&M training for many operators.
ONSITE: Having to do with installing septic systems. This is O&M training for onsite installers
and/or operators. This person is responsible for the proper construction or installation of onsite
systems. A maintenance provider who inspects, maintains, or certifies maintenance of onsite
systems using alternative treatment technologies, recirculating gravel filters, or sand filters must
be certified as a maintenance provider and certified by the manufacturer of the system.
PUMP ENGINEERING (PE): The technical science of pumping and pump performance principles.
May be a law or theory or calculation related to pumping. Information that a pump engineer or
collection operator may need.
SAFETY: This area is describing process safety procedures. Safety or general training for many
operators.
SCADA: Having to do with data acquisition and control methods. Remote operation of pumps
and motors from a distant location or cell phone. Maybe good for credit for those who hold an
electrician or instrumentation certification.
TECHNICAL: The mechanical or physical treatment process/component. O&M training for many
operators.
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Commonly Used Acronyms and Terms
LIST OF ACRONYMS
AMS
APP
ASTM
CADD
CCTV
CIP
CIPP
CMMS
CMOM
COOL
CPM
CWA
d/D
DIP
DVD
EPA
ERP
FOG
fps
GIS
gpm
GPS
HVAC
I/I
IAS
IGA
IT
JEPA
lf
mgd
NOI
NOV
NPDES
O&M
PLC
POTW
Psi

Asset Management System
Aquifer Protection Permit
American Society for Testing and Materials
Computer-Aided Drafting and Design
Closed-Circuit Television
Capital Improvement Plan or capital improvement project
Cured-In-Place Pipe
Computerized Maintenance Management System
Capacity, Management, Operation and Maintenance
Computerized On-line Operations Log
Capital Project Management
Clean Water Act
depth divided by diameter
Ductile Iron Pipe
Digital Video Disk
Environmental Protection Agency
Enterprise Resource Planning Software; Emergency Response
Plan
Fats, Oil, and Grease
Feet per second
Geographic Information System
Gallons per minute
Global positioning system
Heating, ventilation, and air conditioning
Infiltration and Inflow
Information Access System
Intergovernmental Agreement
Information Technology
Joint Exercise of Powers Agreement (SROG)
Linear Feet
Million gallons per day
Notice of Intent
Notice of Violation
National Pollutant Discharge Elimination System
Operation and Maintenance
Programmable Logic Controller
Publicly-Owned Treatment Works
Pounds per square inch
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LIST OF ACRONYMS (continued)
PVC
RDBMS
RFQ
SAI
SDR35
SCADA
SECAP
SIU
SROG
SSO
SSORP
VCC
VCP
WO
WRF
WRP
WTP
WWTF
WWTP

Polyvinyl Chloride
Relational Database Management System
Request for Qualifications
Southern Avenue Interceptor
Standard Dimension Ratio 35
Supervisory Control and Data Acquisition
System Evaluation and Capacity Assurance Plan
Significant Industrial User
Sub-Regional Operating Group
Sanitary Sewer Overflow
Sanitary Sewer Overflow Response Plan
Virtual Call Center
Vitrified Clay Pipe
Work order
Water Reclamation Facility
Water Reclamation Plant
Water Treatment Plant
Wastewater Treatment Facilities (may include WWTP and WRP)
Wastewater Treatment Plant
..

This course contains general EPA’s CWA federal rule requirements. Please
be
aware
that
each
state
implements
septic/
wastewater/
safety/environmental /building regulations that may be more stringent than
EPA’s regulations.
Check with your state environmental/health agency for more information.
These rules change frequently and are often difficult to interpret and follow.
Be careful to not be in non-compliance and do not follow this course for proper
compliance.
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Common Onsite/OSSF Terms
Aerobic Treatment Unit (ATU): A mechanical wastewater treatment unit that provides secondary
wastewater treatment for single home, cluster of homes, or commercial establishments by mixing
air (oxygen) and aerobic and facultative microbes with the wastewater. ATUs typically use either a
suspended growth process (such as activated sludge, extended aeration and batch reactors), fixed
film process (similar to a trickling filter), or a combination of the two treatment processes.
Alternative Onsite Treatment System: A wastewater treatment system that includes different
components than typically used in a conventional septic tank and subsurface wastewater infiltration
system (SWIS). An alternative system is used to achieve acceptable treatment and dispersal of
wastewater where conventional systems either may not be capable of protecting public health and
water quality, or are inappropriate for properties with shallow soils over groundwater or bedrock or
soils with low permeability. Examples of components that may be used in alternative systems
include sand filters, aerobic treatment units, disinfection devices, and alternative subsurface
infiltration designs such as mounds, gravelless trenches, and pressure and drip distribution.
Centralized Wastewater System: A managed system consisting of collection sewers and a single
treatment plant used to collect and treat wastewater from an entire service area. Traditionally, such
a system has been called a Publicly Owned Treatment Works (POTW) as defined in 40 CFR 122.2.
Cesspool: A drywell that receives untreated sanitary waste containing human excreta, which
sometimes has an open bottom and/or perforated sides (40 CFR 144.3). Cesspools with the
capacity to serve 20 or more persons per day were banned in federal regulations promulgated on
December 7, 1999. The construction of new cesspools was immediately banned and existing largecapacity cesspools must be replaced with sewer connections or onsite wastewater treatment
systems by 2005.
Cluster System: A wastewater collection and treatment system under some form of common
ownership which collects wastewater from two or more dwellings or buildings and conveys it to a
treatment and dispersal system located on a suitable site near the dwellings or buildings.
Construction Permit: A permit issued by the designated local regulatory authority that allows the
installation of a wastewater treatment system in accordance with approved plans and applicable
codes.
Conventional Onsite Treatment System: A wastewater treatment system consisting of a septic
tank and a typical trench or bed subsurface wastewater infiltration system.
Decentralized System: Managed onsite and/or cluster system(s) used to collect, treat, and
disperse or reclaim wastewater from a small community or service area.
Dispersal System: A system which receives pretreated wastewater and releases it into the air,
surface or ground water, or onto or under the land surface. A subsurface wastewater infiltration
system is an example of a dispersal system.
Engineered Design: An onsite or cluster wastewater system that is designed and certified by a
licensed/certified designer to meet specific performance requirements for a particular wastewater
on a particular site.
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Environmental Sensitivity: The relative susceptibility to adverse impacts of a water resource or
other receiving environment from dispersal of wastewater and/or its constituents. The impacts may
be low, acute (i.e. immediate and significantly disruptive), or chronic (i.e. long-term, with gradual
but serious disruptions).
Large Capacity Septic System: A soil dispersal treatment system having the capacity to serve 20
or more persons-per-day subject to EPA’s Underground Injection Control regulations.
Management Model: A program consisting of thirteen elements that is designed to protect and
sustain public health and water quality through the use of appropriate policies and administrative
procedures that define and integrate the roles and responsibilities of the regulatory authority,
system owner, service providers and management entity, to ensure that onsite and cluster
wastewater treatment systems are appropriately managed throughout their life cycle. The program
elements include public education and participation, planning, performance requirements, training
and certification/licensing, site evaluation, design, construction, operation and maintenance,
residuals management, compliance inspections/monitoring, corrective actions and enforcement,
record keeping, inventory, and reporting, and financial assistance and funding. Management
services should be provided by properly trained and certified personnel and tracked via a
comprehensive management information system.
National Pollutant Discharge Elimination System (NPDES) Permit: A national program under
Section 402 of the Clean Water Act for regulation of discharges of pollutants from point sources to
waters of the United States. Discharges are illegal, unless authorized by an NPDES permit.
Onsite Service Provider: A person who provides onsite system services. They include but are not
limited to designers, engineers, soil scientists, site evaluators, installers, contractors, operators,
managers, maintenance service providers, pumpers, and others who provide services to system
owners or other service providers.
Onsite Wastewater Treatment System (OWTS): A system relying on natural processes and/or
mechanical components to collect, treat, and disperse or reclaim wastewater from a single dwelling
or building.
Operating Permit: A renewable and revocable permit to operate and maintain an onsite or cluster
treatment system in compliance with specific operational or performance requirements stipulated
by the regulatory authority.
Performance-Based Management Program: A program designed to protect public health and
water quality by seeking to ensure sustained achievement of specific, measurable performance
requirements based on site and risk assessments.
Performance Requirement: Any requirement established by the regulatory authority to assure
future compliance with the public health and water quality goals of the community, the state or tribe,
and the federal government. Performance requirements can be expressed as numeric limits (e.g.,
pollutant concentrations, mass loads, wet weather flow, structural strength) or narrative
descriptions of desired conditions or requirements (e.g., no visible scum, sludge, sheen, odors,
cracks, or leaks).
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Permitting Authority: The state, tribal, or local unit of government with the statutory or delegated
authority to issue permits to build and operate onsite wastewater systems.
Prescription-Based Management Program: A program designed to preserve and protect public
health and water quality through specification of pre-engineered system designs for specific sets
of site conditions, which if sited, designed, and constructed properly, are deemed to meet public
health and water quality standards.
Prescriptive Requirements: Specifications for design, installation and other procedures and
practices for onsite or cluster wastewater systems on sites that meet stipulated criteria. Proposed
deviations from the stipulated criteria, specifications, procedures, and/or practices require formal
approval from the regulatory authority.
Regulatory Authority (RA): The unit of government that establishes and enforces codes related
to the permitting, design, placement, installation, operation, maintenance, monitoring, and
performance of onsite and cluster wastewater systems.
Residuals: The solids generated and/or retained during the treatment of wastewater. They include
trash, rags, grit, sediment, sludge, biosolids, septage, scum, grease, as well as those portions of
treatment systems that have served their useful life and require disposal such as the sand or peat
from a filter. Because of their different characteristics, management requirements can differ as
stipulated by the appropriate Federal Regulations.
Responsible Management Entity (RME): A legal entity responsible for providing various
management services with the requisite managerial, financial, and technical capacity to ensure the
long-term, cost-effective management of decentralized onsite and/or cluster wastewater treatment
facilities in accordance with applicable regulations and performance requirements.
Septage: The liquid and solid materials pumped from a septic tank during cleaning operations.
Septic Tank: A buried, watertight tank designed and constructed to receive and partially treat raw
wastewater. The tank separates and retains settleable and floatable solids suspended in the
wastewater and discharges the settled wastewater for further treatment and dispersal to the
environment.
Source Water Assessment: A study and report required by the Source Water Assessment
Program (SWAP) of the Safe Drinking Water Act addressing the capability of a given public water
system to protect water quality that includes delineation of the source water area, identification of
potential sources of contamination in the delineated area, determination of susceptibility to those
sources, and public notice of the completed assessment.
Underground Injection Well: A constructed system designed to place waste fluids above, into, or
below aquifers classified as underground sources of drinking water. As regulated under the
Underground Injection Control (UIC) Program of the Safe Drinking Water Act (40 CFR Parts 144 &
146), injection wells are grouped into five classes. Class 5 includes shallow systems such as
cesspools and subsurface wastewater infiltration systems. Subsurface wastewater infiltration
systems with the capacity to serve 20 or more people per day, or similar systems receiving nonsanitary wastes, are subject to federal regulation. Class V motor vehicle waste injection wells and
large-capacity cesspools are specifically prohibited under the UIC regulations.
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What are the Components of a Decentralized Wastewater System?







Septic systems
Onsite sewage systems
On-lot sewage systems
Private sewage systems
Individual sewage systems
Cluster, neighborhood or community systems
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Chapter 1 – ONSITE SEWAGE FACILITIES (OSSF) ONSITE
SYSTEMS
Section Focus: You will learn about the Clean Water Act and the basics of the decentralized or
onsite wastewater facility and its operational requirements, septic tank and septage requirements.
At the end of this section, you the student will be able to describe the basics of an onsite system
OSSF and Subsurface Wastewater Infiltration Systems (SWIS) and (Decentralized Wastewater
Facility or Cluster Septic System Applications). There is a post quiz at the end of this section to
review your comprehension and a final examination in the Assignment for your contact hours.
Scope/Background: Onsite sewage treatment system installers/operators provide and maintain
septic systems in compliance with all state and federal requirements and permits to ensure that
untreated wastewater will not contaminate the environment or pollute waterways.

Onsite sewage treatment system installers/operators are responsible for the proper construction or
installation of onsite systems and provide septic system owners with best management practices to
keep their septic systems functioning properly. These practices are really about recycling water:
cleaning wastewater and returning safe water to the water cycle. If a septic system is not functioning
properly, clean water is not returned to our groundwater systems. Our goal as onsite operators is
to ensure that wastewater is properly treated while protecting human and environmental health in
a cost-effective manner.
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Onsite or septic systems are wastewater systems designed to treat and dispose of effluent on the
same property that produces the wastewater. Onsite/decentralized wastewater treatment systems,
commonly called septic systems. Most of you are very familiar with septic tanks but few are familiar
with running a OSSF or clustered facilities. These septic systems treat sewage from homes and
businesses that are not connected to a centralized wastewater treatment plant but can be
connected to a small OSSF or clustered facility.
Decentralized treatment systems include individual onsite septic systems, cluster systems, large
septic systems and alternative wastewater treatment technologies like constructed wetlands,
recirculating sand filters, mound systems, and ozone disinfection systems.
A septic tank and drainfield combination is the oldest and most common type of OSSF, although
newer aerobic and biofilter units exist which represent scaled down versions of municipal sewage
treatments. OSSFs account for approximately 25% of all domestic wastewater treatment in the
United States.
In the United States, onsite sewage facilities collect, treat, and release about 4 billion US gallons
(15,000,000 m3) of treated effluent per day from an estimated 26 million homes, businesses, and
recreational facilities nationwide (U.S. Census Bureau, 1997).
Recognition of the impacts of onsite systems on ground water and surface water quality (e.g.,
nitrate and bacteria contamination, nutrient inputs to surface waters) has increased interest in
optimizing the systems' performance.
Public health and environmental protection officials now acknowledge that onsite systems are not
just temporary installations that will be replaced eventually by centralized sewage treatment
services, but permanent approaches to treating wastewater for release and reuse in the
environment. Onsite systems are recognized as viable, low-cost, long-term, decentralized
approaches to wastewater treatment if they are planned, designed, installed, operated, and
maintained properly (USEPA, 1997).
NOTE: In addition to existing state and local oversight, decentralized wastewater treatment
systems that serve more than 20 people might become subject to regulation under the USEPA's
Underground Injection Control Program, although EPA has proposed not to include them
(64FR22971:5/7/01).
Although some onsite wastewater management programs have functioned successfully in the past,
various problems persist. Most current onsite regulatory programs focus on permitting, installation,
training and certification.
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Onsite Treatment Processes

Onsite sewage treatment systems provide septic system owners with best management practices
to keep their septic systems functioning properly. These practices are really about recycling water:
cleaning wastewater and returning safe water to the water cycle. If a septic system is not functioning
properly, clean water is not returned to our groundwater systems. Our goal is to ensure that you
can treat your wastewater while protecting human and environmental health in a cost-effective
manner.
The high cost of centralized wastewater treatment plants and the advances made in individual and
cluster (decentralized) system technologies have expanded the array of available treatment options
and supported development of a more tailored approach to wastewater management services.
Today, wastewater collection and treatment can be closely matched to the types and quantities of
sewage generated through a “just in time” modular approach financed via a “user pays” cost
structure. Options now exist that span the full spectrum of treatment facilities, from large centralized
plants, to large and small soil-discharging clustered facilities, to individual treatment systems
providing conventional or enhanced service.
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Key Considerations
Wastewater flow and strength, site and local infrastructure conditions, and performance
requirements for the dispersed or discharged effluent are all key considerations in deciding what
type of wastewater collection and treatment system is needed and how it should be designed.
Onsite systems treat wastewater and disperse it on the property where it is generated. When
functioning properly, onsite systems prevent human contact with sewage, and prevent
contamination of surface and groundwater. Factors that affect the proper functioning of onsite
systems include the site and soil conditions, design, installation, operation and maintenance.
Report to Congress
Nearly one in four households in the United States depends on an individual septic (onsite) system
(referred to as an onsite system) or small community cluster system to treat wastewater. In far too
many cases, these systems are installed and largely forgotten - until problems arise.
EPA concluded in its 1997 Report to Congress that "adequately managed decentralized
wastewater systems are a cost-effective and long-term option for meeting public health and water
quality goals, particularly in less densely populated areas." The difference between failure and
success is the implementation of an effective wastewater management program. Such a program,
if properly executed, can protect public health, preserve valuable water resources, and maintain
economic vitality in a community.
Public Health and Water Resource Impacts
State and tribal agencies report that onsite septic systems currently constitute the third most
common source of ground water contamination and that these systems have failed because of
inappropriate siting or design or inadequate long-term maintenance (USEPA, 1996a).
In the 1996 Clean Water Needs Survey (USEPA, 1996b), states and tribes also identified more
than 500 communities as having failed septic systems that have caused public health problems.
The discharge of partially treated sewage from malfunctioning onsite systems was identified as a
principal or contributing source of degradation in 32 percent of all harvest-limited shellfish growing
areas.
Onsite wastewater treatment systems have also contributed to an overabundance of nutrients in
ponds, lakes, and coastal estuaries, leading to the excessive growth of algae and other nuisance
aquatic plants (USEPA, 1996b).
In addition, onsite systems contribute to contamination of drinking water sources. USEPA estimates
that 168,000 viral illnesses and 34,000 bacterial illnesses occur each year as a result of
consumption of drinking water from systems that rely on improperly treated ground water.
Malfunctioning septic systems have been identified as one potential source of ground water
contamination (USEPA, 2000).

30
TLC OSSF ©1/1/2021

(866) 557-1746

Conventional Sewerage System Types
We will examine the different types of sewage systems. There are Centralized (public) and
Decentralized (private).
Centralized sewer systems are generally broken out into three different categories: sanitary
sewers, storm sewers, and combined sewers. Sanitary sewers carry wastewater or sewage from
homes and businesses to treatment plants. Underground sanitary sewer pipes can clog or break,
causing unintentional "overflows" of raw sewage that flood basements and streets.
Storm sewers are designed to quickly get rainwater off the streets during rain events. Chemical,
trash and debris from lawns, parking lots, and streets are washed by the rain into the storm sewer
drains. Most storm sewers do not connect with a treatment plant, but instead drain directly into
nearby rivers, lakes, or oceans. Combined sewers carry both wastewater and storm water in the
same pipe. Most of the time, combined sewers transport the wastewater and storm water to a
treatment plant.
However, when there is too much rain, combined sewer systems cannot handle the extra volume
and designed "overflows" of raw sewage into streams and rivers occur. The great majority of sewer
systems have separated, not combined, sanitary and storm water pipes..
As the infrastructure in the United States and other parts of the world ages, increasing importance
is being placed on rehabilitating wastewater collection systems. Cracks, settling, tree root intrusion,
and other disturbances that develop over time deteriorate pipelines and other conveyance
structures that comprise wastewater collection systems, including stormwater, sanitary, and
combined sewers.
Leaking, overflowing, and insufficient wastewater collection systems can release untreated
wastewater into receiving waters. Outdated pump stations, undersized to carry sewage from newly
developed subdivisions or commercial areas, can also create a potential overflow hazard,
adversely affecting human health and degrading the water quality of receiving waters. The
maintenance of the sewer system is therefore a continuous, never-ending cycle.
As sections of the system age, problems such as corroded concrete pipe, cracked tile, lost joint
integrity, grease, and heavy root intrusion must be constantly monitored and repaired. Technology
has improved collection system maintenance with such tools as television camera assisted line
inspection equipment, jet-cleaning trucks, and improvements in pump design. Because of the
increasing complexity of wastewater collection systems, collection system maintenance is evolving
into a highly skilled trade.
Onsite/collection system operators are charged with protecting public health and the environment,
and therefore must have documented proof of their certifications in the respective wastewater
management systems. You as the operator must ensure that the system pipes remain clear and
open. They eliminate obstructions and are constantly striving to improve flow characteristics. They
keep the wastewater moving underground, unseen and unheard.
Because this onsite/wastewater collection systems and the professionals who maintain it operate
at such a high level of efficiency, problems are very infrequent. So much so that the public often
takes the OSSF/wastewater collection system for granted. In truth, these operators must work hard
to keep it functioning properly.

31
TLC OSSF ©1/1/2021

(866) 557-1746

Few governmental programs address onsite system operation and maintenance, resulting in
failures that lead to unnecessary costs and risks to public health and water resources. Moreover,
the lack of coordination among agencies that oversee land use planning, zoning, development,
water resource protection, public health initiatives, and onsite systems causes problems that could
be prevented through a more cooperative approach.
Effective management of onsite systems requires rigorous planning, design, installation, operation,
maintenance, monitoring, and controls.

Sewage Disposal Service means:
(a) Constructing onsite wastewater treatment systems, including placing portable toilets, or any
part of one;
(b) Pumping out or cleaning onsite wastewater treatment systems, including portable toilets, or any
part of one;
(c) Disposing of material derived from pumping out or cleaning onsite wastewater treatment
systems. including portable toilets; or
(d) Grading, excavating, and earth-moving work connected with the operations described in
subsection
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What is Wastewater Composed of?
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This information is important for those who take care of larger septic or onsite systems
that need to treat the wastewater.
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Why is EPA concerned about Onsite Wastewater Treatment Systems?
Onsite wastewater systems include a wide range of individual and cluster treatment systems that
process household and commercial sewage. These systems are used in approximately 20 percent
of all homes in the United States. An estimated 10 to 20 percent of these systems malfunction each
year, causing pollution to the environment and creating a risk to public health.
Who regulates Onsite Wastewater Treatment Systems?
States, tribes and local governments are responsible for regulating individual onsite systems. EPA
provides guidance and technical assistance to help develop and enhance onsite programs.
 EPA regulates large capacity septic systems under the Underground Injection Well
program.
 EPA regulates system discharges to surface waters under the National Pollutant
Discharge Elimination System.
 EPA regulates disposal of sewage sludge (biosolids) and domestic septage under 40 CFR
Part 503.
What is EPA doing to help manage onsite systems?
 EPA develops voluntary policies and guidance for onsite wastewater management
programs.
 EPA sponsors state-of-the-art research on onsite and clustered wastewater system
technologies through demonstration projects.
 EPA works with state and local officials, industry professionals, and partner organizations
to support onsite wastewater management.
 EPA promotes homeowner awareness to strengthen onsite wastewater management.
Advanced wastewater treatment increases the percentage of contaminants, particularly nitrogen
and fecal coliform, removed in wastewater.
Advanced pretreatment components typically follow primary treatment from septic tanks and
decrease the constituents of concern before they reach the final treatment and dispersal
component.
Advanced pretreatment components are used when a site has a high risk to public or environmental
health and primary treatment is not protective enough.
Key Terms
Aerobic Sewage Treatment Facility: Means a sewage treatment plant that incorporates a means
of introducing air and oxygen into the sewage to provide aerobic biochemical stabilization during a
detention period. Aerobic sewage treatment facilities may include anaerobic processes as part of
the treatment system.
Aerobic System: Means an alternative system that incorporates a septic tank or other treatment
facility, an aerobic sewage treatment facility, and an absorption facility to provide treatment before
dispersal.
Alternative System: Means any onsite wastewater treatment system DEQ or the Commission
approves for use in lieu of the standard subsurface system.
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Onsite Sewer Systems Customers Do's and Don'ts
Do not treat an onsite wastewater treatment system as if it were a normal centralized sewer system
(Items flushed down the toilet do not disappear).
Do not flush household wastes such as:
Coffee grinds Kitty Litter Cigarette butts Disposable diapers fat, grease or oil Paper towels
Feminine hygiene products
Do not flush hazardous chemicals, such as:
Paints, Paint thinners, Medications, Pesticides, Varnishes and Waste oils
Do not build driveways, storage buildings or other structures over the septic tank or drainfield.
Do not send the back-flush water from a water softener into your septic system.
Do divert rainwater coming from driveways and roofs from drainfields. Flooding of the drainfield
with excessive water will keep the soil from naturally cleaning the wastewater, leading to
groundwater pollution.
Do use water wisely by fixing leaking faucets and toilets, install low-flow devices, take shorter
showers and shallower baths, and wash only full loads of dishes and laundry to help reduce the
wastewater volume the system must treat. The more wastewater you produce, the more your tank
and drainfield must treat. Continuous saturation can affect the quality of the soil and its ability to
naturally remove toxins, bacteria, and viruses from the water.
Do maintain a grass cover over drainfield area.
Do use household cleaning materials in moderation. They seldom affect the operation of a septic
system when used in moderation.
Do leave stand pipes extending at least 24” above the surface. If you must cut them down be sure
to measure and mark their location on a drawing of your system so they may be located for pumping
maintenance in the future.
Do not wait until you have a problem - Pump Regularly!
If the buildup of solids, sludge, in the tank becomes too high, solids move to the drainfield and can
clog and strain the system to the point where a new drainfield will be needed. TLC recommends
pumping every 2 years. If you have a garbage disposal, hot tub, or whirlpool you should increase
the pumping frequency to once a year.
Do not add chemical or biological additives to your septic tank. Because of the cold soil
temperatures typically found in Alaska, adding performance enhancing additives like yeast,
bacteria or chemicals to your septic tank is of little value. In fact, in some cases, these additives
can be harmful to your system or the environment.
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Individual Wastewater Systems
Individual treatment systems collect, treat, and disperse wastewater from an individual property
and are associated with low-density communities and developments, such as rural residential and
small commercial developments. Individual systems generally consist of one or more treatment
devices (e.g., septic tank, fixed film treatment unit) and a subsurface dispersal system.
The operation and maintenance requirements of an individual system can vary greatly depending
on the type of system. For example, mechanical systems, such as activated sludge-based units,
require servicing three to four times a year, while conventional systems need service or pumping
every three to seven years, depending on occupancy and use.

Conventional Systems
Conventional “septic” systems are the most widely used wastewater treatment system. These
systems are simple to operate and, when properly designed, constructed, and maintained, do an
excellent job of removing pollutants from wastewater. In most communities, the operation and
maintenance of conventional systems is the responsibility of the homeowner.
Conventional systems require periodic pumping to remove the solids, fats, oils, and grease that
accumulate in the septic tank.
When a system is poorly maintained and not pumped out on a regular basis, sludge (solid material)
can build up inside the tank and may ultimately clog the absorption field, making the system
unusable.
Most conventional system designs now include risers that allow access to inspect tanks and
determine pumping needs.
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EPA Onsite Treatment Considerations

The high cost of centralized wastewater treatment plants and the advances made in individual and
cluster (decentralized) system technologies have expanded the array of available treatment options
and supported development of a more tailored approach to wastewater management services.
Today, wastewater collection and onsite treatment can be closely matched to the types and
quantities of sewage generated through a “just in time” modular approach financed via a “user
pays” cost structure.
Options now exist that span the full spectrum of treatment facilities, from large centralized plants,
to large and small soil-discharging clustered facilities, to individual treatment systems providing
conventional or enhanced service.
Key Considerations
Wastewater flow and strength, site and local infrastructure conditions, and performance
requirements for the dispersed or discharged effluent are all key considerations in deciding what
type of wastewater collection and treatment system is needed and how it should be designed.
Onsite systems treat wastewater and disperse it on the property where it is generated. When
functioning properly, onsite systems prevent human contact with sewage, and prevent
contamination of surface and groundwater. Factors that affect the proper functioning of onsite
systems include the site and soil conditions, design, installation, operation and maintenance.
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Report to Congress
Nearly one in four households in the United States depends on an individual septic (onsite) system
(referred to as an onsite system) or small community cluster system to treat wastewater. In far too
many cases, these systems are installed and largely forgotten - until problems arise.
EPA concluded in its 1997 Report to Congress that "adequately managed decentralized
wastewater systems are a cost-effective and long-term option for meeting public health and water
quality goals, particularly in less densely populated areas." The difference between failure and
success is the implementation of an effective wastewater management program. Such a program,
if properly executed, can protect public health, preserve valuable water resources, and maintain
economic vitality in a community.
Public Health and Water Resource Impacts
State and tribal agencies report that onsite septic systems currently constitute the third most
common source of ground water contamination and that these systems have failed because of
inappropriate siting or design or inadequate long-term maintenance (USEPA, 1996a).
In the 1996 Clean Water Needs Survey (USEPA, 1996b), states and tribes also identified more
than 500 communities as having failed septic systems that have caused public health problems.
The discharge of partially treated sewage from malfunctioning onsite systems was identified as a
principal or contributing source of degradation in 32 percent of all harvest-limited shellfish growing
areas.
Onsite wastewater treatment systems have also contributed to an overabundance of nutrients in
ponds, lakes, and coastal estuaries, leading to the excessive growth of algae and other nuisance
aquatic plants (USEPA, 1996b).
In addition, onsite systems contribute to contamination of drinking water sources. USEPA estimates
that 168,000 viral illnesses and 34,000 bacterial illnesses occur each year as a result of
consumption of drinking water from systems that rely on improperly treated ground water.
Malfunctioning septic systems have been identified as one potential source of ground water
contamination (USEPA, 2000).
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Basic Onsite Treatment Process
Individual and clustered wastewater systems are designed to accomplish the same thing—the
treatment of wastewater—but how this is accomplished is based on the type of treatment
technology used. Treatment processes or methods are often described as primary, secondary, and
tertiary or advanced, as summarized below:

Primary Treatment
Physical treatment processes involving capture of solids and fats/oils/grease in an enclosed vessel,
typically by settling and flotation, such as provided in a septic tank or grease interceptor tank. This
process also includes trapping of solids via septic tank effluent filters or screens prior to discharge
of the tank effluent.
Secondary Treatment
Biological and chemical processes designed to remove organic matter, mostly through digestion
and decomposition, often aided by introduction of or exposure to atmospheric oxygen.
A typical standard for secondary effluent is biochemical oxygen demand (BOD) and total
suspended solids (TSS) concentrations less than or equal to 20 mg/L each on a 30-day average
basis. These standards can be achieved via flow through unsaturated soil or other media (e.g.,
sand, gravel, textile, peat, and plastic media) or within an aerated vessel or chamber.

41
TLC OSSF ©1/1/2021

(866) 557-1746

Tertiary (Advanced) Treatment
Advanced treatment of wastewater includes enhanced organic matter removal, pathogen
reduction, and nutrient removal. Standards for advanced or tertiary effluent vary according to
regulatory requirements.
Typical effluent quality parameters can include nitrate-nitrogen (e.g., no more than 10-20 mg/l),
phosphorus (e.g., 1-5 mg/l or less), and bacteria (fecal coliform less than 10 colony forming units
per 100 ml). Advanced treatment can occur via process controls (e.g., alternating oxic/anoxic
conditions) or through exposure to additives or media designed to cause chemical or other
reactions (e.g., disinfection, phosphorus precipitation). We will cover these in detail later and in the
next chapter.

Key Septic Terms
Alternative System: Means any onsite wastewater treatment system DEQ or the Commission
approves for use in lieu of the standard subsurface system.
Anaerobic: The absence of dissolved molecular oxygen.
Black Waste: Means human body wastes including feces, urine, other substances of body origin,
and toilet paper.
Cesspool: Means a lined pit that receives raw sewage, allows separation of solids and liquids,
retains the solids, and allows liquids to seep into the surrounding soil through perforations in the
lining.
Effective Seepage Area: Means the sidewall area within an absorption trench or a seepage trench
from the bottom of the trench to a level 2 inches above the distribution pipes, the sidewall area of
any cesspool, seepage pit, unsealed earth pit privy, graywater waste absorption sump seepage
chamber, or trench with drain media substitute, or the bottom area of a pressurized soil absorption
facility installed in soil.
Equal Distribution: Means the distribution of effluent to a set of absorption trenches in which each
trench receives effluent in equivalent or proportional volumes.
Holding Tank System: Means an alternative system consisting of the combination of a holding
tank, service riser, and level indicator (alarm), designed to receive and store sewage for intermittent
removal for treatment at another location.
Intermittent Sand Filter: Means a conventional sand filter.
Pretreatment: Means the wastewater treatment that takes place prior to discharging to any
component of an onsite wastewater treatment system, including but not limited to pH adjustment,
oil and grease removal, BOD5 and TSS reduction, screening, and detoxification.
Privy: Means a structure used for disposal of human waste without the aid of water. It consists of
a shelter built above a pit or vault in the ground into which human waste falls.
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Common Septic Systems - Basics
The septic system is a natural method of treating and disposing liquid household waste. The first
component of all septic systems is the tank. Most tanks are split into two compartments and have
pipe baffles and an outlet filter to ensure the solids stay in the tank.
The biologic process begins in the tank where the effluent separates into layers and begins the
process of decomposition.
Bacteria, which are naturally present in all septic systems, begin to digest the solids that have
settled to the bottom of the tank, transforming a large percentage of these solids into liquids and
gases. When liquids within the tank rise to the level of the outflow pipe, they enter the next part of
the treatment system (pre-treatment device, distribution box, pump chamber, etc., depending on
the type of system). Final treatment of the effluent always occurs in the soil where additional
microbes break down the waste and the “clean” water is put back into the ground thereby
recharging the aquifers.
Wastewater contains several undesirable pollutants. Pathogens such as viruses or bacteria can
enter drinking water supplies creating a potential health hazard.
Nutrients and organic matter entering waterways can lead to tremendous growth in the quantity of
aquatic microorganisms. Metabolic activity of these microbes can reduce oxygen levels in the water
causing aquatic life to suffocate. Septic system regulations attempt to reduce the chance of these
pollutants from having a negative impact on people and animals.
Types of Systems – General
There are many, many types and sizes of septic systems available today.
Generally speaking, the systems are divided up into four basic categories:
 Standard Gravity (treatment level “E”)
 Pressure Distribution(treatment level “E”, pressure)
 Advanced Treatment, below ground (treatment level “A” or “B”)
 Advanced Treatment, above ground (treatment level “A” or “B”)
The first two types (standard gravity and pressure distribution) are relatively straightforward, nonproprietary system types.
Standard gravity systems require three feet of "good" soil under the trenches while pressure
distribution systems only require two feet.
Advanced Treatment systems are more complicated and treat the wastewater to a fairly high level
before allowing it to reach the soil. Because of this treatment, they can be used where there is only
one foot of "good" dirt beneath the trench bottom.
Advanced treatment systems come in many makes, models and sizes. Some are proprietary, name
brand systems and others are not. We will cover these systems in the next chapter.
Many systems today include pump(s), control panels, graveless infiltration chambers and effluent
filters. Some systems even include textile filters, aerobic digestion and/or ultraviolet disinfection!.
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Conventional Septic Systems Typically have three Main Components.
1. A septic tank, this separates the solids from the liquids, and serves a storage area for the solids
to decompose and if properly maintained will decompose the solids faster than they build up.
2. A drain field, this allows the separated water to drain out of the system and to absorb into the
leach field.
3. Soil is the final treatment area for the effluent water to be treated; microorganisms in the soil will
treat the drain water before it peculates out of the system. If installed properly, the conventional
system is environmentally safe, long lasting and almost maintenance free. This is why septic
system design is so important.
Pressure Distribution
Pressure distribution systems are usually required when there is less than optimal soil depth
available for complete treatment of the effluent by a gravity system. A minimum of two feet of
properly drained soil is required under the trenches. The tank and drainfield size are normally the
same as a standard gravity system, but the method by which the effluent is distributed to the soil is
different.
A pump or sometimes a siphon is used to pressurize the effluent into a small underground pvc pipe
which transports it to the drainfield. The drainfield itself consists of pipe and rock, graveless
chambers or drip irrigation tubing. Unlike a standard gravity system, a pressure distribution system
wets the entire length of the trench each time the pump turns on. This allows the effluent to be
spread over a larger area and receive better treatment from the soil.

Aquifer Description
Septic Tanks, Cesspools, and Privies
A major cause of ground-water contamination in many areas of the United States is effluent, or
outflow, from septic tanks, cesspools, and privies. Approximately one fourth of all homes in the
United States rely on septic systems to dispose of their human wastes. If these systems are
improperly sited, designed, constructed, or maintained, they can allow contamination of the
ground water by bacteria, nitrates, viruses, synthetic detergents, household chemicals, and
chlorides. Although each system can make an insignificant contribution to ground-water
contamination, the sheer number of such systems and their widespread use in every area that
does not have a public sewage treatment system makes them serious contamination sources.
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Commonly Found Decentralized (Septic) Sewage Systems
We will cover these in more details in later chapters.
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3 Stage System on top
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Conventional Septic Systems Detailed
Conventional treatment systems are the most commonly used wastewater treatment
technologies, combining primary and secondary treatment. These systems are the least
expensive in terms of total cost but require specific conditions (e.g., at least 24-36 inches of
unsaturated soil) and maintenance to perform adequately.
A conventional wastewater treatment system consists of a septic tank and a soil absorption field
that allows primary treatment (i.e., septic tank) effluent to infiltrate into unsaturated soil. Flow
through the system usually occurs via gravity but can be aided by a pump, if necessary, operated
by a float switch or timer.

Conventional systems can serve individual homes or businesses, or clusters of buildings. The
most frequently used treatment system design for a single family home is a conventional system
serving an individual home. As noted above, the conventional system has two principal parts—
the tank and soil absorption field. The septic tank treats wastewater by allowing floatable materials
(e.g., fats, oils, grease) to rise to the surface, forming a scum layer, and the heavier solids to sink
to the bottom, creating a layer of sludge. The tank effluent is similar to that of primary
sedimentation in larger treatment facilities, except that it is generally devoid of oxygen (i.e.,
anaerobic).
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The soil absorption system facilitates aerobic treatment and filtration of the remaining
contaminants. Subsurface discharge of effluent to the soil can be configured to optimize treatment
via pressurized time-dosing of preset volumes of treated wastewater, which facilitates
oxygenation of the soil matrix between doses, promotes film flow of wastewater over soil particles,
and ensures a uniform and consistent application of effluent to the entire drainfield. The laws of
most states and counties prohibit the direct discharge of septic tank effluent onto the ground
surface. Surface water discharges must be covered by an approved NPDES permit. Individual
systems require periodic pumping of the tank (e.g., every 5-7 years) and inspection of the
dispersal field for signs of problems, such as wastewater surfacing, soggy soil, and odor.
Studies of conventional system costs indicate that installation costs can range from $3,500 to
$6,000 or more, depending on local labor and materials expenses, site conditions, permit fees,
and other factors. Annual operation, inspection, and maintenance costs vary, but average about
$30 to $100 per year, depending on state or local requirements.
When functioning properly, individual or clustered conventional systems are effective in treating
or removing pollutants. There are also many advanced technologies that have been developed
for situations where conventional systems are not appropriate. The next section discusses
alternatives for sites that do not meet minimum requirements for conventional systems or require
advanced treatment due to more stringent treatment standards.
Basic Onsite Wastewater Treatment Systems and Components
Building sewers and other sewer lines: watertight pipes, which carry waste by gravity from a
building to the onsite system or carry effluent by gravity from sewage tanks to other system
components.
Septic Tanks
A watertight, covered container designed and constructed to receive the discharge of sewage
from a building sewer. Its function is to separate solids from liquid, digest organic matter, store
liquids through a period of detention and allow the clarified liquids to discharge to other
components of an onsite system. Solids are stored and periodically need to be pumped out and
hauled to a point for further treatment.
Septic/Sewage Tank Removal
Unused sewage tanks need to be properly abandoned to prevent them from becoming a safety
hazard.
Advanced Pretreatment Components Include:
 Aerobic treatment units (ATUs)
 Constructed wetlands
 Lagoons
Media Filters:
 Trickling Filter
 Sand/Gravel Filter
 Foam Filter
 Peat Filter
 Textile Filter
 Upflow Filter
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Subsurface Wastewater Infiltration Systems (SWIS) Operation
A typical septic system consists of a septic tank and a drainfield, or soil absorption field.
The septic tank digests organic matter and separates floatable matter (e.g., oils and grease) and
solids from the wastewater. Soil-based systems discharge the liquid (known as effluent) from the
septic tank into a series of perforated pipes buried in a leach field, chambers, or other special
units designed to slowly release the effluent into the soil.

Septic Treatment
A septic tank removes many of the settleable solids, oils, greases, and floating debris in the raw
wastewater, achieving 60 to 80 percent removal (Baumann et al., 1978; Boyer and Rock, 1992;
University of Wisconsin, 1978).
The solids removed are stored in sludge and scum layers, where they undergo liquefaction.
During liquefaction, the first step in the digestion process, acid forming bacteria partially digest
the solids by hydrolyzing the proteins and converting them to volatile fatty acids, most of which
are dissolved in the water phase. The volatile fatty acids still exert much of the biochemical
oxygen demand that was originally in the organic suspended solids. Because these acids are in
the dissolved form, they are able to pass from the tank in the effluent stream, reducing the BOD
removal efficiency of septic tanks compared to primary sedimentation.
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Typical septic tank BOD removal efficiencies are 30 to 50 percent (Boyer and Rock, 1992;
University of Wisconsin, 1978;). Complete digestion, in which the volatile fatty acids are converted
to methane, could reduce the amount of BOD released by the tank, but it usually does not occur
to a significant extent because wastewater temperatures in septic tanks are typically well below
the optimum temperature for methane producing bacteria.
Gases that form from the microbial action in the tank rise in the wastewater column. The rising
gas bubbles disturb the quiescent wastewater column, which can reduce the settling efficiency of
the tank. They also dislodge colloidal particles in the sludge blanket so they can escape in the
water column. At the same time, however, they can carry active anaerobic and facultative
microorganisms that might help to treat colloidal and dissolved solids present in the wastewater
column (Baumann and Babbit, 1953). Septic tank effluent varies naturally in quality depending on
the characteristics of the wastewater and condition of the tank.

Typical SWIS Performance
Results from numerous studies have shown that septic tanks (SWISs) achieve high removal rates
of many pollutants of concerns with the notable exception of nitrogen (N). Biochemical oxygen
demand (BOD), suspended solids, fecal bacteria indicators and surfactants are effectively
removed within 2-5 feet of unsaturated, aerobic soil.
Phosphorous and metals are removed by adsorption, ion exchange and precipitation. However,
the retention capacity of the soil is finite and will vary with different types of soil mineralogy, pH,
Redox potential and cation exchange capacity. The fate of viruses and toxic organic compounds
has not been fully researched.
Field and laboratory studies suggest that the soil is quite effective in removing viruses, but some
types of viruses apparently are able to leach from SWISs to the groundwater. Fine textured soils,
low hydraulic loadings, aerobic subsoils and high temperatures favor destruction of viruses and
toxic organics. The most significant documented threat to our groundwater supply from SWISs
are nitrates.
Designs and Configurations
Subsurface wastewater infiltration systems (SWISs) are the most commonly used systems for the
treatment and dispersal of onsite wastewater.
Infiltrative surfaces are located in permeable, unsaturated natural soil or imported fill material so
wastewater can infiltrate and percolate through the underlying soil to the ground water. As the
wastewater infiltrates and percolates through the soil, it is treated through a variety of physical,
chemical, and biochemical processes and reactions.
Many different designs and configurations are used, but all incorporate soil infiltrative surfaces
that are located in buried excavations. The primary infiltrative surface is the bottom of the
excavation, but the sidewalls also may be used for infiltration. Perforated pipe is installed to
distribute the wastewater over the infiltration surface.
A porous medium, typically gravel or crushed rock, is placed in the excavation below and around
the distribution piping to support the pipe and spread the localized flow from the distribution pipes
across the excavation cavity.
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Gravelless System
Other gravelless or "aggregate-free" system components may be substituted. The porous medium
maintains the structure of the excavation, exposes the applied wastewater to more infiltrative
surface, and provides storage space for the wastewater within its void fractions (interstitial
spaces, typically 30 to 40 percent of the volume) during peak flows with gravity systems.
A permeable geotextile fabric or other suitable material is laid over the porous medium before the
excavation is backfilled to prevent the introduction of backfill material into the porous medium.
Natural soil is typically used for backfilling, and the surface of the backfill is usually slightly
mounded and seeded with grass.
Subsurface wastewater infiltration systems provide both dispersal and treatment of the applied
wastewater. Wastewater is transported from the infiltration system through three zones.
Two of these zones, the infiltration zone and vadose zone, act as fixed-film bioreactors. The
infiltration zone, which is only a few centimeters thick, is the most biologically active zone and is
often referred to as the "biomat."
Carbonaceous material in the wastewater is quickly degraded in this zone, and nitrification occurs
immediately below this zone if sufficient oxygen is present. Free or combined forms of oxygen in
the soil must satisfy the oxygen demand generated by the microorganisms degrading the
materials.
If sufficient oxygen is not present, the metabolic processes of the microorganisms can be reduced
or halted and both treatment and infiltration of the wastewater will be adversely affected (Otis,
1985).
The vadose (unsaturated) zone provides a significant pathway for oxygen diffusion to reaerate
the infiltration zone (Otis, 1997, Siegrist et al., 1986). In addition, it is the zone where most sorption
reactions occur because the negative moisture potential in the unsaturated zone causes
percolating water to flow into the finer pores of the soil, resulting in greater contact with the soil
surfaces. Finally, much of the phosphorus and pathogen removal occurs in this zone (Robertson
and Harman, 1999; Robertson et al., 1998; Rose et al., 1999; Yates and Yates, 1988).

Specifically, this is how a typical Conventional Septic System works:
1. All water runs out of your house from one main drainage pipe into a septic tank.
2. The septic tank is a buried, water-tight container usually made of concrete, fiberglass, or
polyethylene. Its job is to hold the wastewater long enough to allow solids to settle down to the
bottom forming sludge, while the oil and grease floats to the top as scum.
3. Compartments and a T-shaped outlet prevent the sludge and scum from leaving the tank and
traveling into the drainfield area.
4. The liquid wastewater (effluent) then exits the tank into the drainfield.
5. The drainfield is a shallow, covered, excavation made in unsaturated soil. Pretreated
wastewater is discharged through piping onto porous surfaces that allow wastewater to filter
though the soil. The soil accepts, treats, and disperses wastewater as it percolates through the
soil, ultimately discharging to groundwater.
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If the drainfield is overloaded with too much liquid, it can flood, causing sewage to flow to the
ground surface or create backups in toilets and sinks.
6. Finally, the wastewater percolates into the soil, naturally removing harmful coliform bacteria,
viruses and nutrients. Coliform bacteria is a group of bacteria predominantly inhabiting the
intestines of humans or other warm-blooded animals. It is an indicator of human fecal
contamination.
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Septic System - Pretreatment Components
Pretreatment components remove many of the contaminants from the wastewater to prepare the
effluent for final treatment and dispersal into the environment. The level of treatment is selected
to match the receiving environment and the intended use. The quantity of contaminants is reduced
to a level the soil can accept and treat. Many options exist for treatment prior to release into the
receiving environment. Wastewater pretreatment components include septic tanks, trash tanks,
and processing tanks, while aerobic treatment units, media filters, and constructed wetlands are
considered advanced pretreatment components.

Components
 Septic Tank
 Trash Tank
 Processing Tank
 Effluent Screen
 Recirculation Tank
 Final Treatment and Dispersal
Final treatment and dispersal components provide the final removal of contaminants and
distribute the effluent for dispersal back into the environment. Several options are available for
distributing wastewater in soil. Gravity flow systems are the most widely used dispersal
systems. These systems will continue to be used in areas where the soil separation distances
can be met, primarily because they are the least expensive alternative and require the least
amount of operation and maintenance.
Pressurized distribution methods overcome a variety of site limitations. Low pressure, subsurface
drip, and spray distribution systems are designed to function in difficult areas. These systems are
pressurized, which assists in providing even distribution of wastewater. These technologies also
facilitate reuse of wastewater in the landscape. These advantages, however, increase the
operation and maintenance requirements.
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Methods















Soil Adsorption Field
Conventional Drainfield System
Gravel-less Pipe
Leaching Chamber
Mound System
Low-Pressure Drainfield (LPD)
Low-Pressure Pipe (LPP)
Shallow Narrow Drainfield
Spray Distribution
Drip Distribution
Evapotranspiration Bed (ET)
Media Filter as Drainfield Option
Bottomless Sand Filter
Bottomless Peat Filter
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Elevated (Mound or At-Grade) Systems Introduction
This system type includes a septic tank or prefabricated treatment unit to provide primary (and
sometimes secondary) treatment prior to discharging the effluent to a modified drainfield.
Effluent flows from the tank or treatment unit to a pump tank and periodically dosed to the modified
dispersal area, which is typically constructed of a layer of clean, uniformly graded sand on a
plowed or roughened natural soil surface.
The tank effluent is uniformly dosed onto the infiltrative surface within the mound, which may be
1-4 ft. above the natural grade. Sand within the mound compensates for shallow unsaturated soil
conditions below the natural grade.

Mound Systems
Mound systems are appropriate for areas with a high water table or shallow, fractured bedrock.
After treatment through the sand, the effluent percolates directly into the soil under the mound.
At-grade systems feature effluent dispersal piping placed at natural grade, with the mound
consisting mostly of cover soil for the piping. The mound should have inspection ports, so
wastewater distribution across the infiltration area can be monitored.
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Distribution lines should have cleanouts so they can be flushed at least twice a year. Costs for
mound systems range from $12,000 to $45,000. The cost is mostly related to the delivered cost
of the mound materials and local labor costs. Operation and maintenance costs average $300$1,500 per year.
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AEROBIC WASTEWATER TREATMENT SYSTEM DIAGRAM

Aerobic Treatment Units
Aerobic treatment units (ATUs) consist of prefabricated units featuring consecutive or
compartmentalized tanks, pumps, blowers, and internal piping, and are designed to treat
wastewater via suspended or attached growth decomposition in an oxygen rich environment.
When oxygen is supplied, the rate of microbial activity and related treatment processes
accelerates. Three processes are involved in most aerobic systems: physical separation (mostly
settling), aerobic treatment (aeration and mixing), and clarification (final settling).
These processes may be in separate tanks, compartments of a single tank, or other
configurations. ATUs vary in design and can consist of simple activated sludge variations,
sequencing batch reactors, trickling filters, and combinations of two or more of these unit
processes.
ATU systems require permanent, regularly scheduled inspections and maintenance attention.
The National Sanitation Foundation has a certification program for aerobic treatment units based
on testing over a range of operating conditions.
An activated sludge ATU, where oxygen is added by injecting adding air into the wastewater, can
range between $10,000 and $20,000 installed with maintenance costs averaging $1,000 and
$2,500 per year.
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Fixed-Activated Sludge Treatment
ATUs cost slightly more than an activated sludge unit; however, maintenance costs are reduced
by half. The cost of Sequencing Batch Reactors, which perform all functions in a single tank, can
range $10,500 to $30,000 installed, with yearly maintenance costs at $1,500 to $2,500.

Media Filters
Septic tank effluent can be applied to a layer of sand or gravel, a tank containing peat or plastic
media, or compartments of hanging textile or other material to improve oxygen access and
enhance biochemical treatment processes. A number of these so-called “media filters” are
available to treat wastewater.
Sand is the most commonly used media, but clean gravel, crushed glass, textile strips, peat, and
tire crumbs are also used, depending on site restrictions and state/local regulations. In singlepass or intermittent filter (ISF) design, septic tank effluent is pump-dosed uniformly onto the media
at regular intervals 12 to 48 times per day.
As the effluent trickles through the media, suspended and some colloidal particles are filtered,
and bacteria growing on the media aerobically treat organic wastewater. Effluent that percolates
through the media bed is discharged to the soil dispersal field. Intermittent filters include higher
installed costs ($7,000 to $12,000) and have some potential for odors if septic tank effluent is the
influent stream.
Operation and maintenance costs run from $175 to $550 per year. Recirculating sand filters (RSF)
return two-thirds or more of the filter percolate to the pump dosing chamber, greatly improving
nitrogen removal (e.g., up to 50 percent or more, depending on influent nitrogen levels and other
factors).
Effluent quality from the RSF and ISF are typically less than 10 mg/L of BOD and TSS, however,
the facility size for an RSF is less, and it lacks the odor potential of the ISF. A recirculating filter
system costs $10,000 to $15,000 installed.
Operation and maintenance costs range from $350 to $1,500 per year. In addition to maintenance
of the pump and controls, dosing lines must be flushed and the pressure on each line checked at
6-month intervals.
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Submerged-Flow Wetland or Vegetative Submerged-Bed (VSB)
This is used as an alternative to septic tanks or in addition to septic tanks or part of an OOSF
facility. Basically, this treatment system is often regulated by an certified wastewater treatment
operator, but all of this depends upon the size of the system and the local or state governments.
This type of treatment is very common for small OSSF facilities in many states. Septic tanks with
subsurface flow gravel bed wetlands have been used successfully in many areas including Texas,
Louisiana, Arizona, Indiana, and Kentucky. Constructed wetlands can have a relatively low
construction cost in areas where media and land is readily available.
Vegetative submerged beds are also called submerged-flow wetlands. This system type treats
septic tank effluent by horizontal flow through a lined bed of unmulched gravel planted with
wetland species. The plants fill in spaces between the rocks and provide aesthetic appeal.
Wetland systems are extremely passive and require little management in producing a good quality
effluent (typically BOD and TSS of less than 30 mg/L).
The treatment environment in the system is mostly anaerobic, with some aerobic microsites on
plant roots and near surface areas. Effluent is further treated when discharged to unsaturated soil
following flow through the wetland cell(s). Properly designed and constructed systems do not
require chemical additions or mechanical equipment.
Maintenance is important to prevent clogging the rock bed and influent and effluent structures.
The average cost of a VSB system can range from $7,000 to $25,000 installed. Operation and
maintenance costs are generally less than $500 per year.
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Cluster Septic System Applications
A cluster system is designed to collect wastewater from two to several hundred homes. The
Cluster Wastewater Systems Planning Handbook lists a number of potential wastewater collection
technologies for small and large cluster systems, including: grinder pump systems, which
transport all sewage; effluent sewers, such as the septic tank effluent pump (STEP); the septic
tank effluent gravity (STEG) collection system; and vacuum systems.
Treatment facilities serving clustered buildings may range from a communal septic tank and soil
dispersal system to a more advanced treatment system.
Advanced systems may facilitate local reuse of the treated effluent for toilet flushing, irrigation,
industrial purposes, or to replenish aquifers. Cluster systems must be managed by an entity with
the technical, financial, and managerial capacity to effectively and efficiently handle operation,
maintenance, customer billing, repair/replacement, and other tasks.
An appropriate method of treatment is provided prior to final effluent distribution/disposition using
a suitable subsurface or surface effluent dispersal method. The method of treatment and final
dispersal of effluent are based on local conditions and treatment needs, and applicable regulatory
requirements.
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Advantages Cluster systems have a number of advantages:
• Cost
• Flexibility in land use
• Maintenance
• Environmental protection Cost
Conventional sewer and treatment systems in can cost $20,000 or more per household (2000
prices), and can result in monthly sewage bills of over $100. The design and construction of the
sewage collection system is often responsible for two-thirds or more of the cost. Much of this is
due to the large-diameter gravity sewers, which must be laid on grade and can require very deep
excavations or a number of lift stations.
Small-diameter plastic pipes used in alternative systems are less expensive and easier to install
than conventional sewer pipes. Pressurized sewers do not rely on gravity to operate, so they can
be buried at shallow depths, just below the frost line, and follow the natural contours of the land,
saving on excavation costs.
Flexibility in Land Use
County planning agencies sometimes cite the soil and site limitations of traditional onsite systems
as the justification for halting development in unsewered areas and to defend land-use plans.
Alternative onsite technologies have the potential to allow land-use decisions to be determined
more by issues such as roads, schools, hospitals, and other important criteria.
Cluster wastewater systems may permit smaller lot sizes and provide planners with a tool to better
preserve the green areas and rural character of small communities. These features are frequently
lost when large, gravity sewers are installed and high-density development follows, or if large lot
sizes are required for individual onsite sewage disposal systems.
Maintenance
Complex sewage treatment processes require expertise often not found in rural locations. When
workers acquire this expertise through training and experience, they often have an opportunity for
higher salaries in nearby cities. Therefore, treatment systems that require larger land areas, but
less complex operation and maintenance (O&M) are often attractive for small communities. Such
systems minimize the need for process understanding and rely more on the mechanical aptitude
of an O&M staff, which is more often available in rural settings.
Environmental Protection
Many small communities with centralized sewage treatment systems are having difficulties in
meeting required discharge limits. According to the EPA, sewered small communities with
discharge of treated wastewater represented over 90 percent of non-compliance violations in
1999. Since many of these small community systems discharge to high quality, low flow streams,
local environmental impacts can be disproportionately high. Non-discharging, decentralized
wastewater treatment systems can provide an environmentally sound alternative for these
communities.
Disadvantages
The primary disadvantage of cluster systems has to do with the amount of operation and
maintenance needed. While usually not complicated, alternative sewers have components that
conventional sewers do not have, such as septic tanks that need to be inspected and pumped
and mechanical parts and controls that use electricity.
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These require more frequent and regular maintenance than conventional sewers. They also are
located on site, requiring workers to travel to individual homes or businesses. This may, however,
be more than offset by higher operational costs at more complex central treatment facilities.
Clusters require a somewhat complex organizational structure in order to make community
decisions such as fee collection and continuing education of homeowners about wastewater
issues.
Homeowner Cooperation
Homeowner cooperation is much more important than with municipal systems since smaller
systems are less resilient and less tolerant of periodic large flows or larger than normal loadings
of household chemicals than in large systems, where these peaks are averaged out over a very
large user base.
Other disadvantages with alternative sewers include disruptions in service due to mechanical
breakdowns and power outages. In addition, systems may be poorly designed, installed, or
overpriced if engineers or contractors have little experience with alternative technology. Poor
design and installation of alternative sewers can result in higher than expected O&M costs.
Managing
With traditional onsite systems, maintenance is left up to the homeowner who typically pays little
attention to the system until it begins to fail. Innovative systems require more homeowner
awareness as well as regular maintenance procedures.
Preventative maintenance is important with this technology because an overloaded septic tank or
broken pump at one connection can potentially affect other parts of the system.
Depending on the size of the system, communities may need a fulltime maintenance employee
or staff to ensure that the system is being properly operated and maintained and to handle
emergencies. There are several models for providing maintenance for cluster systems.
All systems require that workers have access to the user’s property to inspect septic tanks and
effluent baffles or filters on a routine basis and to pump tanks as needed. Regular maintenance
is also necessary to ensure proper performance of the pretreatment and final disposal.
Remote monitoring may have a place in managing decentralized onsite systems, and small
community systems that are too small to have onsite operators present at all times.
Advanced onsite monitoring systems typically use “control boxes” that turn electric pumps on and
off, monitor septic tank levels, and sound an alarm when an unusual condition occurs. The alarm
connects to a panel in the house. The homeowner must then contact a repairman.
Remote sensing could also be used to send a signal from the home directly to a central monitoring
office. In more complex systems, the communication can even be interactive so that pump dosing
frequencies could be changed, along with other system controls, from a remote base.
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Pressure and Drip Soil Dispersal System Operation and Inspection

PRESSURE AND DRIP SOIL DISPERAL SYSTEM
The diagram above (edited courtesy USDA) shows a generic septic effluent dosing system,
combining a septic tank, a dosing tank, a diverter valve, and two septic effluent dispersal loops
through a soil absorption field.
Septic effluent is distributed to a system final treatment and disposal using either gravity methods
(which depend on terrain slope - see Gravity-Siphon Dosing Systems or pressure methods –
Pressure Dosing Systems (which use a pump to move effluent to its destination treatment and
disposal area). Effluent may be distributed for final soil absorption by several methods listed here:
 Single Effluent Line: A 4" perforated PVC pipe receives effluent by gravity from the septic
tank. The pipe is buried in a gravel trench and may be run in a straight line or a loop.
 Distribution Box/Network of Lines: A distribution box receives effluent by gravity from
the septic tank and routes it to a network of perforated pipes. The network is made of
multiple independent trenches which maybe on a flat or sloped site.
 Serial relief line: multiple, serially connected trenches are built on a sloping site and used
serially.
 Drop box: multiple independent trenches are built on a sloping site, connected from drop
boxes.
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The purpose of septic effluent "dosing" systems is to place septic effluent in the absorption system
or drainfield at intervals rather than continuously. In effect, the effluent dosing chamber forms a
"buffer" which receives and stores septic effluent flowing (or being pumped) out of the septic tank
until a desired dosing quantity is reached.
Then the effluent is dispersed to the absorption system in one "dose." By distributing effluent at
intervals rather than on a more nearly continuous or irregular basis the absorption system can
"rest" between cycles, extending its life and possibly increasing its ultimate effluent treatment and
disposal capability. Not only does the rest interval permit the absorption system more time to
dispose of its effluent, also the exposure of the system to air between doses can reduce the rate
of clogging of the drainfield.
Wastewater effluent is distributed for final treatment over time either by uncontrolled, or controlled
methods.
Uncontrolled Septic Effluent Flow
A conventional gravity septic system and drainfield is "uncontrolled". When waste enters the
septic tank, it forces the same volume of effluent out of the tank and into the leach field. Some
experts call this a continuous or trickling septic system. Conventional septic tank and drainfields
use this approach. The timing of effluent movement or "trickle" into the absorption field is based
simply on when people are using the building plumbing and thus based simply on when
wastewater flows out of the building into the septic tank.
Controlled Septic Effluent Flow
Controlled systems effluent is sent to the final treatment and disposal system such as an
absorption field under either mechanical control such as a tipping or siphon system or under pump
control, such as by use of a dosing system which makes use of a gravity dosing method or a
pressure dosing method such as septic effluent pressure manifold, rigid pipe distribution, or a
septic effluent drip network. In some large wastewater treatment systems with a significant if not
uniformly continuous inflow, outflow of the system may be continuous in some designs. But many
system use an intermittent effluent dosing method which operates by a pump controlled perhaps
by a float in an effluent receiving chamber, or by a siphoning or tipping bucket mechanical system
(gravity systems).
Pressure-dosed Drainfield Septic Systems
Pressure-dosed Drainfield Septic Systems use a separate effluent pumping chamber and an
effluent pump. The effluent pumping station is located downstream from the septic tank and is
used to move septic effluent into a pressure-fed network of distribution pipes. In some designs
the effluent is pumped to move it up to the absorption field where it then moves by gravity. Other
systems pressurize the entire piping network.
Pressure dosing is used in a variety of disposal field designs including mounds and sand beds,
and have the advantage of being able to distribute effluent uniformly throughout the absorption
system, and the disadvantage of added system cost and complexity, along with the requirement
for electricity for system operation.
An alternative but possibly less long-term reliable version of a drainfield dosing system that does
not require electricity is the siphon system. The sketch shows a generic pumping station of the
type used with many pressure dosing systems, source US EPA and Purdue University.
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Source for the following is New York State regulations on wastewater treatment and design for
individual household septic systems (Note b below) and from the U.S. EPA Wastewater Manual.
(1) These methods permit the rapid distribution of effluent throughout the absorption system
followed by a rest period during which no effluent enters the system. The maximum length of
absorption lines used in conjunction with these methods shall be 100 feet.
(i) Pressure distribution utilizes a sewage effluent pump to move the effluent through the
pipe network and into the soil. The volume discharged in each cycle will exceed the volume
available in the pipe network and will be discharged from the pipe under pressure.
(ii) Dosing involves the use of a pump or siphon for pressure dosing septic systems to
move the effluent into the pipe network. Discharge from the pipe is by gravity. The volume of
effluent in each dose should be 75% to 85% of the volume available in the pipe network.
(2) Dosing or pressure distribution is recommended for all septic systems as it promotes
better treatment of wastewater and system longevity.
(3) In absorption fields, single pressure dosing units are required when the total trench
length exceeds 500 feet. Alternate dosing units are required when the length exceeds 1,000 feet.
(4) The use of manually operated siphons or pumps for pressure dosing septic systems is
not acceptable.
(5) Pipe used in pressure dosing septic systems distribution shall have a minimum diameter
of 1.5 inches and a maximum diameter of three inches. Pipe for siphon dosing is sized to conform
with the volume of the dose and can range from three to six inches in diameter based upon the
volume of each dose. The ends of all pipes shall be capped.
(6) Only pumps for pressure dosing septic systems designated by the manufacturer for use
as sewage effluent pumps shall be used.
(7) Pump chambers for pressure dosing septic systems shall be equipped with an alarm to
indicate malfunction. Siphon dosing systems normally include an overflow to the distribution
laterals. Pressure distribution systems shall not be equipped with an overflow.
(8) Pump chambers for pressure dosing septic systems shall be sized to provide a minimum
of one day's design flow storage above the alarm level. Siphon chambers shall have a minimum
total storage of one day's design flow below the overflow pipe.
Footnote (b): The preceding example septic pressure dosing system design and descriptive data
for septic effluent pressure distribution and pressure dosing systems is from Appendix 75-A to
Public Health Law, 201(1)(1) New York State Wastewater Treatment Standards - Individual
Household Septic Systems, Wastewater Treatment Design and Regulation Section, specifically
chapter 75-A.7 Distribution lines, distribution boxes, gravity flow, pressure distribution, dosing,
siphons
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Advanced (Tertiary) Systems Introduction
Alternative systems use pumps or gravity to help septic tank effluent trickle through sand, organic
matter (e.g., peat and sawdust), constructed wetlands, or other media to remove or neutralize
pollutants like disease-causing pathogens, nitrogen, phosphorus, and other contaminants. Some
alternative systems are designed to evaporate wastewater or disinfect it before it is discharged to
the soil.
Treatment system components designed to pretreat septic tank effluent before discharge to the
soil dispersal field are often called alternative, enhanced, or advanced systems. Advanced
systems can be designed and built onsite or can consist of prefabricated units designed to
overcome some site and soil limitations including:
When the aerated (unsaturated) soil depth below the infiltrative surface in the drainfield is less
than the minimum required, advanced treatment processes or components (e.g., fixed film
treatment units) can be added to increase pollutant removal prior to soil discharge.
In environmentally sensitive areas, advanced systems can be used to meet effluent standards for
oxygen-demanding wastes, bacteria, nitrogen, and phosphorus.
If a soil dispersal area malfunctions hydraulically due to a buildup of the biomat (inorganic,
organic, and/or bacterial slime) at the infiltrative surface, it may be restored, and treatment may
be enhanced, by improving soil oxidation through timed dosing of septic tank effluent to the
dispersal field. The dose/rest cycle allows the soil to drain between doses, improving soil oxygen
transfer.
Wastewater with high organic strength (e.g., from a restaurant) can employ advanced treatment
units/processes to improve aeration, biological decomposition, and treatment of organic wastes.
(Note: High concentrations of fats, oils, and greases should be removed through housekeeping
practices and use of a grease trap tank.)
Advanced systems that provide timed dosing of septic tank or treatment unit effluent to the soil
can sometimes be used where soil infiltration areas are limited, except in cases of high-clay
content soils.
Advanced systems that employ pressure drip dispersal of the effluent can reduce bacteria and
nutrient loading to groundwater by applying wastewater high in the soil profile, improving bacteria
predation and uptake of nutrients by plants and providing a carbon source for denitrification.
All treatment systems require management, but advanced systems, due to their use of pumps,
switches, and other electromechanical components, especially need regular operation and
maintenance attention.
Permanent maintenance contracts with qualified service providers should be required by state or
county code for systems with these components.
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Advanced Onsite Wastewater Treatment Systems and Components
Sand Filters
A packed-bed filter of sand or other granular materials used to provide advanced secondary
treatment of septic tank effluent. Sand/media filters consist of a lined (e.g., impervious PVC liner
on sand bedding) excavation or structure filled with uniform washed sand that is placed over an
under-drain system.
The wastewater is dosed onto the surface of the sand through a distribution network and allowed
to percolate through the sand to the under-drain system, which collects the filter effluent for further
processing or discharge.

Other Media Bio-filters
Packed-bed filters using other more porous materials, (e.g., peat, textile, or foam) to provide
advanced secondary treatment of septic tank effluent.
Constructed Wetlands
An OWTS that incorporates an aquatic treatment system consisting of one or more lined basins
which may be filled with a medium and where wastewater undergoes some combination of
physical, chemical, and/or biological treatment and evapotranspiration.
Sand Mounds
An above ground treatment system that incorporates at least 12 inches of clean sand above the
original soil surface and disperses the treated wastewater into the original soil.
Low-Pressure Distribution Systems
An OWTS in which pressurized small diameter distribution lines are used for equal distribution of
effluent within the final treatment and dispersal component. These systems include low-pressure
pipe (LPP) distribution systems, and other systems such as an otherwise conventional system
with a pressurized distribution network.
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Drip Irrigation Systems
A subsurface soil dispersal system that distributes treated wastewater through drip irrigations
lines.
Modified Shallow Placed Gravity Lateral Trenches
Six to 12 inches deep in natural soil and other engineered distribution systems using fill soil
material.
Suitable Soil
Suitable soil is an effective treatment medium for sewage tank effluent because it contains a
complex biological community. One tablespoon of soil can contain over one million microscopic
organisms, including bacteria, protozoa, fungi, molds, and other creatures. The bacteria and other
microorganisms in the soil treat the wastewater and purify it before it reaches groundwater.
However, the wastewater must pass through the soil slowly enough to provide adequate contact
time with microorganisms. To provide adequate time for treatment of septic tank effluent, it is
necessary to have at least three feet of aerated or unsaturated soil and limit the loading of effluent.
Microorganisms in soil treat wastewater physically, chemically, and biologically before it reaches
the groundwater, preventing pollution and public health hazards. Under some soil conditions,
subsurface absorption systems may not accept the wastewater or may fail to properly treat the
wastewater unless special modifications to system design are made.
Public health is a major concern because domestic wastewaters contain many substances that
are undesirable and potentially harmful, such as pathogenic bacteria, infectious viruses, organic
matter, toxic chemicals, pharmaceutical drugs (e.g. endocrine disruptors), and excess nutrients.
Soil microorganisms need the same basic conditions as humans do to live and grow: a place to
live, food to eat, water, oxygen to breathe, suitable temperatures, and time to grow. Soil
microorganisms attach themselves to soil particles using microbial slimes and use the oxygen
and water that are present in the soil pores.
To protect the public as well as the environment, wastewater must be treated in a safe and
effective manner. The first component in an individual sewage treatment system is usually a septic
tank, which removes some organic material and total suspended solids (TSS).
TSS and organic material removal is very important because it prevents excessive clogging of
the soil infiltrative surface.
Suitably Textured Soil
Suitably-textured soil must be deep enough to allow adequate filtration and treatment of the
effluent before it is released into the natural environment. Usually this release is into groundwater.
It has been determined that three feet of aerated soil will provide sufficient treatment of septic
tank effluent.
Therefore, a three-foot separation distance is required from the bottom of the dispersal media to
a limiting soil condition such as groundwater or bedrock. This three-foot treatment zone provides
sufficient detention time for final bacteria breakdown and sufficient distance for the filtration that
is essential for the safe treatment of effluent BOD.
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Residuals (Septage) Sub-Section

Septage
Septage is an odoriferous slurry (solids content of only 3 to 10 percent) of organic and inorganic
material that typically contains high levels of grit, hair, nutrients, pathogenic microorganisms, oil,
and grease.
Septage is defined as the entire contents of the septic tank- the scum, the sludge, and the partially
clarified liquid that lies between them and also includes pumpings from aerobic treatment unit
tanks, holding tanks, biological ("composting") toilets, chemical or vault toilets, and other systems
that receive domestic wastewaters. Septage is controlled under the federal regulations at 40 CFR
Part 503.
Septage also may harbor potentially toxic levels of metals and organic and inorganic chemicals.
The exact composition of septage from a particular treatment system is highly dependent upon
the type of facility and the activities and habits of its users. For example, oil and grease levels in
septage from food service or processing facilities might be many times higher than oil and grease
concentrations in septage from residences.
Campgrounds that have separate graywater treatment systems for showers will likely have much
higher levels of solids in the septage from the blackwater (i.e., toilet waste) treatment system.
Septage from portable toilets might have been treated with disinfectants, deodorizers, or other
chemicals.
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Chemical and Physical Characteristics of Domestic Septage Table
Parameter
Concentration (mg/L)
Average
Range
Total solids
34,106
1,132- 130,475
Total volatile solids
23,100
353- 71,402
Total suspended solids
12,862
310- 93,378
Volatile suspended solids
9,027
95- 51,500
Biochemical oxygen
6,480
440- 78,600
demand
Chemical oxygen demand
31,900
1,500- 703,000
Total Kjeldahl nitrogen
588
66- 1,060
Ammonia nitrogen
97
3-116
Total phosphorus
210
20-760
Alkalinity
970
522- 4,190
Grease
5,600
208- 23,368
pH
1.5-12.6
Source: USEPA, 1994.
Typical Pollutants of Concern in Effluent from Onsite Wastewater Treatment
Systems Table
Pollutant
Public health or water resource impacts
Parasites, bacteria, and viruses can cause communicable diseases
Pathogens
through direct or indirect body contact or ingestion of contaminated
water or shellfish. Pathogens can be transported for significant
distances in ground water or surface waters.
Nitrogen

Nitrogen is an aquatic plant nutrient that can contribute to
eutrophication and dissolved oxygen loss in surface waters, especially
in nitrogen-limited lakes, estuaries, and coastal embayments. Algae
and aquatic weeds can contribute trihalomethane (THM) precursors to
the water column that might generate carcinogenic THMs in
chlorinated drinking water. Excessive nitrate-nitrogen in drinking water
can cause methemoglobinemia in infants and pregnancy
complications.

Phosphorus Phosphorus is an aquatic plant nutrient that can contribute to
eutrophication of phosphorus-limited inland surface waters. High algal
and aquatic plant production during eutrophication is often
accompanied by increases in populations of decomposer bacteria and
reduced dissolved oxygen levels for fish and other organisms.
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Septage Management Programs
The primary objective of a septage management program is to establish procedures and rules for
handling and disposing of septage in an affordable manner that protects public health and
ecological resources. When planning a program it is important to have a thorough knowledge of
legal and regulatory requirements regarding handling and disposal. USEPA (1994) has issued
regulations and guidance that contain the type of information required for developing,
implementing, and maintaining a septage management program.
Detailed guidance for identifying, selecting, developing, and operating reuse or disposal sites for
septage is provided in Process Design Manual: Surface Disposal of Sewage Sludge and
Domestic Septage, which is on the Internet at http://www.epa.gov/ord/WebPubs/sludge.pdf.
States and municipalities typically establish public health and environmental protection
regulations for septage management (pumping, handling, transport, treatment, and
reuse/disposal). Key components of septage management programs include tracking or manifest
systems that identify acceptable septage sources, pumpers, transport equipment, final
destination, and treatment, as well as procedures for controlling human exposure to septage,
including vector control, wet weather runoff, and access to disposal sites.
Septage Treatment/Disposal: Land Application
The ultimate fate of septage generally falls into three basic categories- land application, treatment
at a wastewater treatment plant, or treatment at a special septage treatment plant. Land
application is the most commonly used method for disposing of septage in the United States.
Simple and cost effective, land application approaches use minimal energy and recycle organic
material and nutrients back to the land. Topography, soils, drainage patterns, and agricultural
crops determine which type of land disposal practice works best for a given situation. Some
common alternatives are surface application, subsurface incorporation, and burial. Disposal of
portable toilet wastes mixed with disinfectants, deodorizers, or other chemicals at land application
sites is not recommended.
If possible, these wastes should be delivered to the collection system of a wastewater treatment
plant to avoid potential chemical contamination risks at septage land application sites. Treatment
plant operators should be consulted so they can determine when and where the septage should
be added to the collection system.
When disposing of septage by land application, appropriate buffers and setbacks should be
provided between application areas and water resources (e.g., streams, lakes, sinkholes). Other
considerations include vegetation type and density, slopes, soils, sensitivity of water resources,
climate, and application rates. Agricultural products from the site must not be directly consumed
by humans.
Land application practices include the following:
Spreading by Hauler Truck or Farm Equipment
In the simplest method, the truck that pumps the septage takes it to a field and spreads it on the
soil. Alternatively, the hauler truck can transfer its septage load into a wagon spreader or other
specialized spreading equipment or into a holding facility at the site for spreading later.

75
TLC OSSF ©1/1/2021

(866) 557-1746

Spray Irrigation
Spray irrigation is an alternative that eliminates the problem of soil compaction by tires. Pretreated
septage is pumped at 80 to 100 psi through nozzles and sprayed directly onto the land. This
method allows for septage disposal on fields with rough terrain.
Ridge and Furrow Irrigation
Pretreated septage can be transferred directly into furrows or row crops. The land should be
relatively level.
Tank Access
Access to the septic tank is necessary for pumping septage, observing the inlet and outlet baffles,
and servicing the effluent screen. Both manways and inspection ports are used.
Manways are large openings, 18 to 24 inches in diameter or square. At least one that can provide
access to the entire tank for septage removal is needed. If the system is compartmentalized, each
compartment requires a manway. They are located over the inlet, the outlet, or the center of the
tank. Typically, in the past manway covers were required to be buried under state and local codes.
However, they should be above grade and fitted with an airtight, lockable cover so they can be
accessed quickly and easily.
Inspection ports are 8 inches or larger in diameter and located over both the inlet and the outlet
unless a manway is used. They should be extended above grade and securely capped.
(CAUTION: The screen should not be removed for inspection or cleaning without first plugging
the outlet or pumping the tank to lower the liquid level below the outlet invert.
Solids retained on the screen can slough off as the screen is removed.
These solids will pass through the outlet and into the SWIS unless precautions are taken. This
caution should be made clear in homeowner instructions and on notices posted at the access
port.)
Septic tank designs for large wastewater flows do not differ from designs for small systems.
However, it is suggested that multiple compartments or tanks in series be used and that effluent
screens be attached to the tank outlet. Access ports and manways should be brought to grade
and provided with locking covers for all large systems.
Residuals are normally produced as a result of wastewater treatment. The term “septage” is
commonly used to describe the liquids and solids that are pumped from a septic tank, port-apotty, cesspool, or other locality. EPA regulates the management of septage to ensure that this
material is treated, used, and/or disposed of in an environmentally sound manner.
Septic tanks with soil absorption systems are the most commonly used individual wastewater
treatment system in rural and suburban areas. Untreated household waste flows into the tank
where the solids separate from the liquid. Light solids, such as soap suds and fat, float to the top
and form a scum layer.
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The liquid waste goes into the drainfield, while the heavier solids settle to the bottom of the tank
where the organic matter is partially decomposed by anaerobic bacteria. Some non-decomposed
solids remain, forming a sludge layer that eventually must be pumped out. A septic tank will
usually retain 60 to 70 percent of incoming solids, oil, and grease.
Because it is concentrated, the strength of septage is generally fifty to several hundred times
greater than municipal wastewater. The physical characteristics of septage vary depending upon
the septic tank size, design, and pumping frequency; user habits; climatic conditions; water supply
characteristics, and the use of garbage disposals, household chemicals, and water softeners. It
is important that samples of septage be collected and tested to determine local characteristics,
since they can affect the proper management of these materials.
In its Septage Treatment and Disposal Fact Sheet (EPA 832-F-99-068; September, 1999),
EPA describes septage as:
Highly variable and organic, with significant levels of grease, grit, hair, and debris. The liquids and
solids pumped from a septic tank or cesspool have an offensive odor and appearance, a tendency
to foam upon agitation, and a resistance to settling and dewatering. Septage is also a host for
many disease-causing viruses, bacteria, and parasites.
The volume of residuals generated by a wastewater system will vary based on the treatment
method. A general method to determine septage generation appears below.
Some advanced treatment units, such as activated sludge-based aerobic treatment unit (ATU)
systems, can significantly increase the volume of residuals generated. In contrast, filtration
technologies are often used to minimize the generation of residuals.
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General Method to Determine Septage Generation
volume pumped (1) x residences served / frequency of pumping (2) = annual volume
(1) - Typical default values for septage are 1,000 gallons (septic tank volume) per pumping
(2) - Frequency default value is every five years.
Note: Some advanced treatment units will significantly increase the volume of residuals
generated. If pumping occurs on an as-needed basis, residuals management (receiving) facilities
will need a significantly larger short-term capacity for processing. The method of residuals
processing may also require some additional evaluation of septage characteristics.
An annual inspection, with pumping as required, is the most reliable way to maintain the health
of your septic tank and leach field. The most common cause of septic system failure is sludge
overflow in the leach field resulting in a costly replacement of the leach field.
How Often is Pumping Required?
This depends on the following:
• Capacity of septic tank.
• Number in household.
• Volume of wastewater.
• Volume of solids in wastewater.

ESTIMATED SEPTIC TANK PUMPING FREQUENCE IN YEARS
Tank Size
(gallons)

Household Size (number of people)
1

2

3

4

5

6

500

6

3

2

1

1

0.5

750

9

4

3

2

1.3

1.0

900

11

5

3.5

2

1.7

1.5

1000

12

9

4

3

2.0

1.5

1250

15

8

5

3.5

2.5

2.0

1500

19

9

6

4

3

2.5

1750

22

11

7

5.0

4

3

2000

25

12

8

6

4.5

3.5

2250

29

14

9

7

5

4

2500

32

16

10

8

6

5
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Federal Septage Rules
In 1993, EPA issued regulations that address septage use and disposal practices as part of
Chapter 40 of the Code of Federal Regulations. 40 CFR part 503 regulates domestic septage as
a part of the requirements controlling the use and disposal of sewage sludge.
The rule defines “domestic septage” as liquid and solid material removed from a septic tank,
cesspool, portable toilet, Type III marine sanitation device, or similar treatment works that receive
only domestic sewage. The 503 regulation includes minimum requirements for land application of
domestic septage applied to non-public contact sites such as agricultural fields, forestland, and
mine reclamation areas.
40 CFR Part 257 governs the management of grease trap wastes and other types of residuals
resulting from the treatment of non-domestic sewage by individual and clustered commercial and
industrial treatment systems.
40 CFR Part 258 governs the disposal of septage, sewage sludge, and other residuals into
municipal solid waste landfills.
The Federal 503 Rule
Requires domestic septage pumpers to meet four basic requirements:





Meet (and certify) applicable pathogen and vector attraction reduction requirements.
Follow specific management practices.
Ensure that septage is from domestic sources only.
Keep records on land application sites, rates, etc.

Most states build upon the federal 40 CFR part 503 regulation as the minimum requirements for
managing septage, although states may and often do impose more stringent requirements. In
some cases, municipalities have established local regulations for septage handling, treatment,
and disposal in addition to the federal and state regulations.
For example, Minnesota has developed a model local ordinance for Land Application of Septage
at Non-Public Contact Sites. The ordinance builds upon the federal 503 rule for land application.
It provides pumpers with detailed information on site suitability, separation distances to features
such as surface waters and wells, and detailed site management requirements.
Disposal Options
Septage can be processed through land application, at wastewater treatment plants, or at
processing facilities specifically designed to treat septage. The following section describes these
alternatives:
Land Application
Domestic septage contains nutrients that can condition the soil and decrease reliance on chemical
fertilizers for agriculture production. Typically, the best land application sites are located in
isolated or remote areas. Both tilling the soil and adding lime to septage may benefit crop
production. Adjusting septage pH can also reduce or eliminate odors and disease-causing
organisms before land application.
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Subsurface Application
Subsurface application, or surface application with subsequent incorporation, are the preferred
methods for land application of septage since they minimize odors, reduce vector attraction,
minimize ammonia volatilization losses, conserve nitrogen, minimize contact with rain, and reduce
potential water contamination. State regulations for land application of septage often require preapproval from the regulating agency through permits and/or licenses, soil tests, and site
management plans.
A storage or transfer tank may be needed when land application sites are inaccessible due to
weather conditions or if pre-application treatment of the septage is required. Some states require
septage to be disinfected before application.
Pretreatment
Pretreatment, such as screening and grit removal, may also be necessary prior to discharge into
a tank or lagoon. Enclosed holding tanks or lined lagoons in isolated areas are preferred
temporary storage facilities. Additional information can be found in EPA’s design manuals for land
application (EPA/625/R-95/001) and surface disposal (EPA/625/R-95/002), and its “Guide to
Septage Treatment and Disposal” (EPA/625/R-94/002). One of the major concerns regarding land
application is odor and pathogen problems. Pretreatment and stabilization can reduce minimize
odors. The simplest and most economical method is to add lime or other alkali to raise the pH to
12 for a minimum of 30 minutes.
Other septage stabilization options include aerobic digestion, anaerobic digestion, and
composting. Relative to alkaline stabilization, these options have higher operating costs and
require more skilled operating personnel. A number of states require septage be stabilized before
it is applied to the land. Michigan law includes a requirement to screen all septage prior to land
application and bans septage waste application on frozen soil.
Surface disposal of septage is another alternative outlined under the federal rules. This includes
disposal in holding lagoons, trenches, and sanitary landfills. Some states, however, have more
restrictive rules concerning burial. For example, Georgia does not allow burial of septage in
trenches or lagoons.
Publicly Owned Treatment Works (POTWs)
Septage can also be handled and processed at wastewater treatment plants. This process usually
employs a septage receiving station, which pretreats the septage by screening and other unit
processes. Some of these facilities separate the liquid from the solids, which are then processed
by the POTW. The allowable amount of septage handled by a POTW is a function of the type and
size of the treatment plant, capacity of the plant, and characteristics of the septage.
Smaller POTWs must be cognizant of how the higher-strength septage will affect overall
wastewater organic loads and should control the feed rate. Pretreatment may be required to
prevent problems in the treatment system.
EPA has developed a guidance manual for the Control of Waste Hauled to Publicly Owned
Treatment Works (EPA-832-B-98-003; September, 1999) for smaller POTWs on how to develop
and implement hauled waste controls. Larger systems can more easily handle septage without
process upset. POTWs should track each septage load to identify any potential for a system
upset.
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Independent Septage Treatment Facility (ISTF)
When suitable land is unavailable and wastewater treatment facilities are too distant or do not
have adequate capacity, independent septage treatment plants may be an option. ISTFs vary
from stabilization lagoons to treatment plants that use aerobic digestion, anaerobic digestion,
composting, and other biological and chemical treatment processes.
One of the advantages of an ISTF over a conventional POTW is that unlimited amounts of grease
trap wastes can be processed. However, in recent years, a growing number of POTWs (e.g., East
Bay Municipal Utilities District in California and West Lafayette, Indiana) have modified their
operations to accommodate the processing of fats, oils, and grease; food wastes; and other
organic residuals, while increasing the biogas production from their sewage sludge anaerobic
digesters for use in generating onsite power or conversion to biofuels.
Advantages and Disadvantage of Various Treatment Methods Selecting the appropriate septage
treatment approach depends on several factors including:





Capacity of approved treatment facilities
State and local regulatory requirements
Land availability and site conditions
Costs (fuel, labor, and dispersal costs)

Management Considerations
The safe, practical, and acceptable practices for the use or disposal of septage should be a key
goal of any wastewater management program. Septage management plans must be developed
within the context of state, local, and federal rules and the nature of residuals produced. The
general state of septage management can be summed up by the following statement from a
survey conducted by California:
A 2002 survey of local onsite wastewater programs in California revealed that less than half of
the jurisdictions tracked the total volume of septage handled. Most did not have information on
the number of pumper vehicles and companies operating within their jurisdiction. Of the 81
septage facilities identified, several were no longer receiving septage or were closed. Based on
these findings, the California Wastewater Training and Research Center recommended the
development of a comprehensive septage management plan to continually assess septage
capacity needs and design strategies.
To manage septage there are a number of questions that must first be asked to develop an
appropriated septage handling and treatment program including:
 What are the current residuals handling practices?
 How much septage is being generated now, and how much will be generated when all
planned new development and treatment facilities are in place?
 Where are pumpers currently discharging their trucks?
 What is the capacity of each of those sites versus the needed capacity?
 Can we secure any needed capacity or performance improvement without a major
municipal investment?
 Can we secure agreements with receiving facilities to handle the ultimate volume of
residuals generated at the design condition?
 Do the existing septage receiving facilities comply with the 40 CFR part 503 requirements
and part 257 guidance?
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 How can the management program provide support (e.g., public education and
involvement, service provider training, financing for system upgrades) to overcome any
barriers?
 What should fees be to assure a sustainable receiving, treatment, and use or disposal
program?
 Ultimately, each state must adopt its own unique approach based on its needs and
regulatory authorities.
Septage Management state and Local Examples
Ohio provides low-interest loans to communities for the installation of septage receiving facilities.
The intent of the Ohio program is to establish a grid of POTWs with septage receiving capabilities.
Yarmouth/Dennis, Massachusetts, financed an independent septage treatment facility with
advanced processing and liquid-stream soil dispersal to avoid an excessively high-cost sewer.
Both Wisconsin and New Hampshire incorporate septage planning into municipal wastewater
planning requirements.
The Town of Pittsfield, Maine, conducted a septage pilot study in 2003-2004. The process used
pretreatment, including manual screening of the raw septage; conditioning raw septage with lime;
blending in ferric chloride and polymer; trapping the gross solids in a dewatering container; and
treating only the liquid filtrate in the existing aerated lagoon facility.
The Pittsfield Water Pollution Control Federation (WPCF) processed more than 1.3 million gallons
of raw septage during the pilot study, with the best plant performance observed when filtrate total
phosphorous was less than 2 mg/l. Results of the pilot study were favorable for developing a longterm expansion of Pittsfield’s septage receiving facility.
A proper management program should have an inventory of individual and clustered wastewater
systems within their area. These inventories are typically kept current through periodic reporting
of septage removal by system owners, service providers, or both. The management facility that
accepts residuals is responsibility for compliance with the part 503 recordkeeping requirements.
Facilities must keep records and produce them on demand for authorized regulators.
Most states require the haulers to keep records for a minimum of five years and use manifests to
track septage. A local government may also require haulers to obtain permits to operate within its
jurisdiction. Permits may cover septic tank pumping, treatment at a sewage treatment plant, land
application, or treatment at an independent septage treatment facility.
Operation and Maintenance
The need to pump septage from small wastewater systems cannot be overstated. Without proper
operation and maintenance, soil absorption systems will malfunction and can potentially impair
water quality or cause sewage surfacing and threats to public health. In most cases, the
homeowner is responsible for maintenance of their treatment system.
Some communities, however, have strengthened their wastewater programs by conducting
periodic inspections of individual treatment systems and maintaining pumping records to better
monitor when pumping is needed. In these communities, the system owner is required to have
his or her tank pumped by a locally approved hauler within a given time period and provide
documentation that the tank was pumped in accordance with local requirements.
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Another approach is for a responsible management entity to assume complete responsibility for
inspecting, pumping, and disposing of septage. In all cases, the management program goal
should be to pump, transport, treat, and use or dispose of the residuals in a manner that has the
least impact on the system owners, the community, and the environment.
Training, Certification, and Licensing
The National Association of Wastewater Transporters conducts a comprehensive training and
certification program for pumpers and haulers. Several states have also established training
centers to promote proper handling and disposal of septage. For example, Wisconsin requires all
septage operators to pass an exam in order to become a certified septage operator.
Several management programs also provide system owners with access to a list of certified
service providers to promote proper septage management. North Carolina requires training and
certification for land application operators and has similar requirements for pumpers. The state
also provides a listing of certified land application operators.
State and Local Examples
Septage operators in Wisconsin are required to pass an exam to be certified. Two levels of
certification are available for septage servicing and land application. State rules require continuing
education credits to maintain an active certification.
Ohio rules that took effect on January 1, 2007, require that sewage treatment system installers,
service providers, and septage haulers that register with a local health district to perform work
required under this chapter take a state examination. The Ohio Department of Health is the state
agency responsible for the implementation (http://www.ohioonsite.org/).
Public Education
Wastewater management programs require that community residents be informed about pumping
and proper disposal of septage. Programs must reinforce O&M requirements and proper septage
handling and disposal procedures, especially targeting the pumpers and haulers. Citizen
feedback and input loops should be incorporated into the management program to maintain
program support.
The York County Authority in Pennsylvania publishes newspaper notices informing residents
about proper septage system pumping and use of licensed haulers. The authority also created a
biosolids learning station, and presentations on the topic are available to school and civic groups
at no cost.
Most states with licensing and certification requirements provide listings of approved septic
pumpers and haulers. For example, Oklahoma provides a Web-based data-base of licensed
pumpers and haulers.
Inspections and Compliance
Numerous states inspect septage pumping businesses. Inspections typically consist of reviewing
40 CFR part 503 requirements with pumpers, including record keeping, liming practices, and site
management.
Most states have developed a Septage Hauling and Pumping Inspection form to conduct
inspections of septage operations and investigate complaints. Some states conduct a compliance
inspection for all new disposal sites.
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Post Quiz
Internet Link to Assignment…
http://www.abctlc.com/downloads/PDF/OSSFASS.pdf
Septic System Basics Described
1. Most tanks are split into two compartments and have pipe baffles and an outlet filter to ensure
the ________________ stay in the tank.
2. Final treatment of the effluent always occurs in the soil where additional microbes break down
the waste and the “clean” water is put back into the ground thereby recharging the aquifers.
A. True
B. False
3. Wastewater contains several undesirable pollutants.
A. True
B. False
4. Pathogens such as viruses or bacteria cannot enter drinking water supplies creating a potential
health hazard.
A. True
B. False
5. Nutrients and organic matter entering waterways can lead to tremendous death of aquatic
microorganisms.
A. True
B. False
Types of Systems – General
6. Standard gravity systems require _________________ feet of "good" soil under the trenches
while pressure distribution systems only require _____________ feet.
7. Advanced Treatment systems are more complicated and treat the wastewater to a fairly high
level before allowing it to reach the soil. Because of this treatment, they can be used where there
is only __________________ foot of "good" dirt beneath the trench bottom.
Conventional Septic Systems Typically have three Main Components.
8. Which of the following separates the solids from the liquids, and serves a storage area for the
solids to decompose and if properly maintained will decompose the solids faster then they build
up?
Pressure Distribution
9. Pressure distribution systems are usually required when there is less than optimal soil depth
available for complete treatment of the effluent by ___________________.
10. A minimum of _______________ feet of properly drained soil is required under the trenches.
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Conventional Septic Systems
11. Which of the following are the most commonly used wastewater treatment technologies,
combining primary and secondary treatment?
12. Conventional treatment systems are the least expensive in terms of total cost but require
specific conditions (e.g., at least _________________ inches of unsaturated soil) and
maintenance to perform adequately.
Basic Onsite Wastewater Treatment Systems and Components
13. Building sewers and other sewer lines: watertight pipes, which deliver waste by
_______________ from a building to the onsite system or carry effluent by gravity from sewage
tanks to other system components.
Septic Tanks
14. The septic tank’s function is to separate solids from liquid, digest organic matter, store liquids
through a period of detention and allow the _________________to discharge to other
components of an onsite system.
Septic/Sewage Tank Removal
15. __________________need to be properly abandoned to prevent them from becoming a
safety hazard.
Septic Treatment
16. A septic tank removes many of the settleable solids, oils, greases, and floating debris in the
raw wastewater, achieving ________________ percent removal.

Answers
1. Solids, 2. True, 3. True, 4. False, 5. False, 6. 3 & 2, 7. 1, 8. A septic tank, 9. A gravity system, 10. Two,
11. Conventional treatment systems, 12. 24-36, 13. Gravity, 14. Clarified liquids, 15. Unused sewage
tanks, 16. 60 to 80
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Chapter 2SECTION

ONSITE

OPERATION

AND

MAINTENANCE

Section Focus: You will learn about the basics of evaluating, maintaining and permitting the
decentralized or onsite wastewater facility. At the end of this section, you the student will be able
to describe the basics of decentralized wastewater facility maintenance and failures. There is a
post quiz at the end of this section to review your comprehension and a final examination in the
Assignment for your contact hours.
Scope/Background: Onsite sewage treatment system installers/operators provide and maintain
septic systems in compliance with all state and federal requirements and permits to ensure that
untreated wastewater will not contaminate the environment or pollute waterways. These operators
inspects, maintains, or certifies maintenance of onsite systems using alternative treatment
technologies, recirculating gravel filters, or sand filters must be certified as a maintenance
provider and certified by the manufacturer of the system.

Effective Wastewater Management
Effective wastewater management ultimately hinges on the proper O&M of systems. A very
important, but often overlooked, component of a wastewater management program is operation
and maintenance (O&M).
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There are several different management approaches that can be used to support O&M, from
mandatory inspection programs to permitting and monitoring requirements.
In general, operation and maintenance tasks are tied directly to the system type, the wastewater
being treated, and the receiving environment where effluent is discharged or dispersed.
This overview provides readers with general information about the O&M management
considerations for individual and clustered wastewater treatment systems.

Included in this Overview are:
System Operation and Maintenance Requirements
 Individual Wastewater Systems
 Clustered Treatment Systems
Management Considerations
 Education and Outreach
 Training and Certification
 Inspection and Maintenance Requirements
 Maintenance Contracts
 Reporting and Monitoring
 Operating Permits
 Public and Private Management Entities

System Operation and Maintenance Requirements
There are distinct, ongoing O&M requirements associated with the various individual and
clustered wastewater collection and treatment systems and the technologies employed. Most
technologies come with suggested O&M maintenance activities from the manufacturer. These
requirements are crucial to the proper operation and performance of the system.
When soil limitations exist, adjustments to the upstream treatment train may be needed to reduce
biochemical oxygen demand, total suspended solids, bacteria levels, nutrients, or other pollutants.

Adjustments could involve reducing pollutant inputs at the source (e.g., better plate and pot
scraping prior to dishwashing in restaurant kitchens, adding grease trap tanks, etc.), applying the
effluent at lower soil loading rates, or inserting a fixed film or suspended growth treatment unit
between the septic tank and drainfield.
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Septic System Failures
Septic system failures are a major source of groundwater pollution. Layers of soil act as a natural
filter, removing microbes and other particles as water seeps through. Improperly treated water
can carry bacteria and viruses that can cause gastroenteritis, fever, common cold, respiratory
infections and hepatitis. Septic system maintenance is like automobile maintenance; a little effort
on a regular basis can save you a lot of money and significantly prolong the life of the system.
Septic systems are effective, cost efficient, and easy to maintain. However, failing systems are a
major source of groundwater pollution, cause waterborne illnesses, such as dysentery and
hepatitis, and are expensive for homeowners to replace. There are many different types of
wastewater collection and treatment technologies.
Systems can treat individual homes, clusters of buildings, or whole subdivisions and/or
commercial establishments. Collection systems for clustered facilities can work by gravity or
operate via vacuum or pressure pump. Wastewater is typically treated through primary and
secondary processes (and sometimes tertiary or advanced “polishing” procedures) and can be
disinfected prior to discharge.

A septic system failure causes untreated sewage to be released and transported to where it
should not be. This may cause sewage to come to the surface of the ground around the tank
or the drainfield or to back up in pipes in the building.
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Most septic systems fail because of inappropriate design or poor maintenance. Some soil-based
systems (those with a drain field) are installed at sites with inadequate or inappropriate soils,
excessive slopes, or high ground water tables. These conditions can cause hydraulic failures and
contamination of nearby water sources.
Failure to perform routine maintenance, such as pumping the septic tank generally at least every
three to five years, can cause solids in the tank to migrate into the drain field and clog the system.
There are a number of resources available online that can provide additional information on
individual and cluster system designs including:










EPA Design Manual
EPA Onsite Wastewater Treatment Systems Manual
EPA Onsite Technology Fact Sheets
Small Flows Clearinghouse Environmental Technology Initiative (ETI) Fact sheets
EPA Alternative Wastewater Collection Systems Handbook
Cluster System Planning Handbook
University of Minnesota Innovative Onsite Treatment Systems
Rutgers University Onsite Wastewater Treatment Systems: Alternative Technologies
New England Interstate Water Pollution Control Commission

92
TLC OSSF ©1/1/2021

(866) 557-1746

Operation, Maintenance, and Monitoring Requirements
Subsurface wastewater infiltration systems require little operator intervention. The table below
lists typical operation, maintenance, and monitoring activities that should be performed. However,
more complex pretreatment, larger and more variable flows, and higher-risk installations increase
the need for maintenance and monitoring.

Operation, Maintenance, and Monitoring Activities Table
Task
Description
Frequency
Water meter reading
Recommended for large,
Daily
commercial systems
Dosing tank controls
Check function of pump,
Monthly
switches, and times for
pressure-dosed systems
Pump calibration
Check pumping rate and
Annually
adjust dose timers as
appropriate for pressuredosed systems
Infiltration cell rotation
Direct wastewater to standby
Annually (optimally in the
cells to rest operating cells
spring)
Infiltration surface
Record wastewater ponding
Monthly
ponding
depths over the infiltration
surface and switch to
standby cell when ponding
persists for more than a
month
Inspect surface and
Walk over SWIS area to
Monthly
perimeter of SWIS
observe surface ponding or
other signs of stress or
damage
Tank solids levels and
integrity assessment

Check for sludge and scum
accumulation, condition of
baffles and inlet and outlet
appurtenances, and potential
leaks

Varies with tank size and
management program

Failures and Contingencies
Onsite wastewater systems can and do fail to perform at times. To avoid threats to public health
and the environment during periods when a system malfunctions hydraulically, contingency plans
should be made to permit continued use of the system until appropriate remedial actions can be
taken.
Contingency options should be considered during design so that the appropriate measures are
designed into the original system.
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Contingency Options for SWIS Malfunctions Table
Contingency
Description
Comments
Option
Reserve area
Unencumbered area of
Does not provide immediate relief
suitable soils set aside for from performance problems
a future replacement
because the replacement system
system.
must be constructed. The
replacement system should be
constructed such that use can be
alternated with use of the original
system.
Multiple cells
Two or more infiltration
Provide immediate relief from
cells
performance problems by providing
with a total hydraulic
stand-by capacity. Rotating cells in
capacity
and out of service on an annual or
of 100% to 200% of the
other regular schedule helps to
required area that are
maintain system capacity.
alternated into service.
Alternating valves are commercially
available to implement this option.
The risk from performance
problems is reduced because the
malfunction of a single cell involves
a smaller proportion of the daily
flow.
Water conservation
Water-conserving actions A temporary solution that may
necessitate a significant lifestyle
taken to reduce the
change by the residents, which
hydraulic load to the
creates a disincentive for continued
system, which
implementation. The organic
may alleviate the
loading will remain the same unless
problem.
specific water uses or waste inputs
are eliminated from the building or
the wastewaters are removed from
the site.
Pump and haul
Conservation of the
Holding tanks are a temporary or
septic tank to a holding
permanent solution that can be
tank that
effective but costly, creating a
must be periodically
disincentive for long-term use.
pumped. The raw waste
must be hauled to a
suitable treatment
and/or disposal site.
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Regular System Maintenance Introduction
Regular maintenance is required for all systems. However, it is especially important for more
complex alternative systems, especially those that use pumps, controls, timers, and pressure
distribution. Verification of system maintenance contracts, operator expertise, and reporting
requirements for system maintenance such as tank pumping and repairs should be included in
the approval process. Most Authorities have developed an approval application for alternative
systems which includes:
 Certification to the National Sanitation Foundation (NSF) International Class I Standard
40 Protocol.
 Documentation that the system meets state performance requirements.
 A guide for inspecting system installations.
 A plan for training agents and system installers on installation and inspection.
 A plan for training operation and maintenance providers.
 Detailed plans showing that the system complies with the state requirements

The diagram above shows many problems that customers will associate with septic tanks,
however, these common problems are related to the collection system.
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Maintenance Legal Definition
Means taking the actions necessary to keep onsite system components properly functioning as
designed. Maintenance is further defined as:
(a) Major Maintenance is cleaning, repairing or replacing a broken or plugged effluent sewer
pipe where:
(A) The pipe is the same make and model; or
(B) The pipe meets the requirements in this division; and
(C) A certified maintenance provider or certified licensed installer performs the work.
(b) Minor Maintenance includes, but is not limited to, repairing or replacing of a tank riser or lid,
or pump, screen, filter, or other component internal to the tank that:
(A) Is the same make and model; or
(B) Meets the requirements of government regulations.
A Completed Checklist
A system operation and maintenance manual outlining minimum maintenance frequency
The TOP warning signs of septic system failure:
1. Slowly draining sinks and toilets
2. Gurgling sounds in the plumbing
3. Plumbing backups
4. Sewage odors in house or yard
5. Ground wet or mushy underfoot over the drainfield
6. Grass growing faster or greener in one area of the yard
7. Drinking water tests showing presence of bacteria
None of these warning signs is a sure indicator that a system has failed, but you should investigate
further if one or more of these signs is present!
Check the Record
Unlike the other parts of a house, the septic system is difficult to see! However, you can check
the records on a home's septic system by contacting your local or state sewer or septic agency
or environmental agency.
These Records Should Reflect:
1. The age of the system. If properly designed, installed, and maintained, a septic system can
effectively treat household wastewater for up to 20 years or more. Look to see if the house has a
system that is near the end of its life span.
2. The size of the system. Size is important because graywater (laundry water, sink water) and
blackwater (toilet water) need to be retained in the tank for at least a day or more to allow solids
to separate from the liquids and begin breaking down. If wastewater is pushed through without
proper settling, the solids can clog the drainfield, stressing and possibly damaging the system.
Adequate tank size is 1,000 gallons for a home with up to three bedrooms plus 250 gallons for
each additional bedroom in the home.
3. The location of the system. Knowing where the tank and drainfield are will help you visually
check the area for obvious signs of failure. In addition, poorly sited drainfields can result in septic
system failures. Location of the system in relation to wells, other septic systems, slope of the land,
natural drainage patterns, underlying soil conditions, and lot boundaries may indicate potential
problems with the septic system and should be reviewed by you - the professional.
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Tip: Keep an eye out for previous certifications from your state sewer or septic agency or
environmental agency; these should indicate that the system is in compliance with good septic
system standards, or will indicate any waivers that were granted and why.

ESTIMATED SEPTIC TANK PUMPING FREQUENCE IN YEARS
Tank Size
(gallons)

Household Size (number of people)
1

2

3

4

5

6

500

6

3

2

1

1

0.5

750

9

4

3

2

1.3

1.0

900

11

5

3.5

2

1.7

1.5

1000

12

9

4

3

2.0

1.5

1250

15

8

5

3.5

2.5

2.0

1500

19

9

6

4

3

2.5

1750

22

11

7

5.0

4

3

2000

25

12

8

6

4.5

3.5

2250

29

14

9

7

5

4

2500

32

16

10

8

6

5
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Individual Wastewater Systems
Individual treatment systems collect, treat, and disperse wastewater from an individual property
and are associated with low-density communities and developments, such as rural residential and
small commercial developments. Individual systems generally consist of one or more treatment
devices (e.g., septic tank, fixed film treatment unit) and a subsurface dispersal system.
The operation and maintenance requirements of an individual system can vary greatly depending
on the type of system. For example, mechanical systems, such as activated sludge-based units,
require servicing three to four times a year, while conventional systems need service or pumping
every three to seven years, depending on occupancy and use.

Conventional Systems
Conventional “septic” systems are the most widely used wastewater treatment system. These
systems are simple to operate and, when properly designed, constructed, and maintained, do an
excellent job of removing pollutants from wastewater. In most communities, the operation and
maintenance of conventional systems is the responsibility of the homeowner.
Conventional systems require periodic pumping to remove the solids, fats, oils, and grease that
accumulate in the septic tank.
When a system is poorly maintained and not pumped out on a regular basis, sludge (solid
material) can build up inside the tank and may ultimately clog the absorption field, making the
system unusable.
Most conventional system designs now include risers that allow access to inspect tanks and
determine pumping needs.
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Septic System Evaluation Guideline
A septic system evaluation should be conducted as soon as the property is placed on the market
so that necessary repairs can be made to the system. The evaluation should be completed before
the sale is final.
At a minimum, an evaluation should examine these issues:
• The location, age, size and original design of the septic system.
• The soil conditions, drainage, seasonal water table and flooding possibilities on the site where
the septic system is located.
• Review system maintenance and pumping records.
• The condition of the plumbing fixtures and their layout to determine whether structural
changes have been made to the plumbing that would increase flow to the septic system above
the capacity.
• The date the septic tank was last pumped.
• The sludge level in the septic tank.
• The condition of the absorption field.
• Evidence of liquid waste reaching the soil surface, draining toward nearby lakes and streams,
or clogging the soil and gravel beneath the field. This usually requires digging up a small portion
of the field.
• Look for evidence that heavy equipment has been on the drain field, causing compaction and
possible damage.
Enhanced Treatment Systems
Several wastewater alternative technologies have proven to be effective in situations where
conventional systems are not appropriate. These systems fall into three broad categories:
Material Replacement
Technologies that replace one component of the conventional system with a component
manufactured from a different material.
Conventional System Modification
Technologies that enhance or otherwise improve conventional operating or treatment
performance.
Enhanced Wastewater Treatment
Advanced or innovative technologies that provide a higher level of treatment beyond conventional
systems. Generally, these systems have mechanical or moving parts that require periodic
operation and maintenance, inspections, and eventual replacement. Enhanced wastewater
treatment systems are more complex than conventional systems and require greater oversight to
keep all aspects of the treatment process in balance.
Some of the more common enhanced system technologies in use today include:
 Activated Sludge-Based Aerobic Treatment Units
 Denitrification Systems
 Fixed Activate Sludge Treatment
 Recirculating Media Filter
 Sequencing Batch Reactors
 Septic Tank Filters or Screens
 Gravel less Leach fields

99
TLC OSSF ©1/1/2021

(866) 557-1746

Perforated Pipe
Perforated pipe is laid in the bottom of upslope trenches excavated into the restrictive horizon. A
durable, porous medium is placed around the piping and up to a level above the estimated
seasonally high-saturated zone.
The porous medium intercepts the ground water and conveys it to the drainage pipe. To provide
an outfall for the drain, one or both ends of the pipe are extended downslope to a point where it
intercepts the ground surface. When drainage enhancements are used, the outlet and boundary
conditions must be carefully evaluated to protect local water quality.
The drain should avoid capture of the SWIS percolate plume and ground water infiltrating from
below the SWIS or near the end of the drain. A separation distance between the SWIS and the
drain that is sufficient to prevent percolate from the SWIS from entering the drain should be
maintained.
The vertical distance between the bottom of the SWIS and the drain and soil permeability
characteristics should determine this distance.
As the vertical distance increases and the permeability decreases, the necessary separation
distance increases.
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A 10-foot separation is used for most applications. Also, if both ends of the drain cannot be
extended to the ground surface, the upslope end should be extended some distance along the
surface contour beyond the end of the SWIS.
If not done, ground water that seeps around the end of the drain can render the drain ineffective.
Similar cautions should be observed when designing and locating outlet locations for commercial
systems on flat sites.
The design of a curtain drain is based on the permeability of the soil in the saturated zone, the
size of the area upslope of the SWIS that contributes water to the saturated zone, the gradient of
the drainage pipe, and a suitable outlet configuration.
If the saturated hydraulic conductivity is low and the drainable porosity (the percentage of pore
space drained when the soil is at field capacity) is small, even effectively designed curtain drains
might have limited effect on soil wetness conditions.
Penninger et al. (1998) illustrated this at a site with a silty clay loam soil at field capacity that
became completely re-saturated with as little as 1-inch of precipitation. For further design
guidance, refer to the U.S. Department of Agriculture's Drainage of Agricultural Land (USDA,
1973).
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Inspections and Maintenance Requirements
The primary function of the septic tank is to settle out solids from the wastewater.
Solids are allowed to settle out by holding the sewage in a quiet environment within the tank.
Typically, 24 to 48 hours of settling is required. A four-bedroom home might have a daily flow of
480 gallons per day (assuming 120 gallons per bedroom per day). In a 1,000-gallon tank, this
provides two days for solids to settle.
Nevertheless, as the solids build up, there is less room in the tank for the liquid and thus less
settling time. The accepted maximum level of solids in the tank is 1/3 of the liquid depth. Any more
than this and the tank is overdue for pumping. Having these solids removed, is a critical
component of how well the septic system, as a whole, will function.
When a septic tank is inspected for solids accumulation, a certified inspector will use an
instrument called a “Sludge Judge®” or similar device to determine the amount of solids in the
tank. There are other products available to perform this task, and one is not recommended above
another. The Sludge Judge® is a long, hollow, usually clear plastic pole marked in 1-foot
increments.
The bottom end of the instrument has a stopper on it that allows the wastewater and solids to
enter the pole, but not leave, allowing a visual reference to what is inside the tank. The inspector
inserts the pole into the tank until it touches the bottom.
The instrument is then removed, and solids and liquid levels can be determined. This allows the
inspector to determine if it is time for the tank to be pumped. A certified inspector will also check
the other components within the tank. Septic tanks can come in a variety of shapes, sizes, and
material.
Each of these different types of tanks has different components, which need to be inspected. The
most important issue with any tank, whether it is concrete, plastic, or fiberglass, is that it must be
watertight. Watertightness is important for two reasons: wastewater must be kept in the tank so
that it does not contaminate the groundwater, and groundwater must be kept out of the tank so
that the tank is not over filled. The only way to make sure a tank is watertight is to have it pumped
and visually inspect the inside of the tank.
Septic tanks are constructed from different materials, as mentioned earlier, usually concrete,
plastic, or fiberglass. In each of these, a quiet environment is necessary for solids settling and is
accomplished by using one of two methods: baffles or tees.
Septic tanks can have either of these components and regardless of which one, they must be
inspected. The purpose of baffles and tees is to slow the wastewater coming into the septic tank
to ensure the proper environment for solids to settle.
A certified inspector will check to make sure that tees or baffles are properly connected to both
the inlet and outlet pipes of the tank. Baffles are made of the same material as the tank and are
usually fitted during manufacturing of the tank. In a concrete tank, the concrete baffle must be
checked for corrosion and cracks. If it is determined by the inspector that a concrete baffle is
corroded or missing, instead of replacing the tank, a tee will be fitted to the tank. A tee is a pipe
fitting that is typically made of plastic, like the inlet and outlet pipes.
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SWIS Designs
There are several different designs for SWISs. They include trenches, beds, seepage pits, at
grade systems, and mounds. SWIS applications differ in their geometry and location in the soil
profile. Trenches have a large length-to-width ratio, while beds have a wide, rectangular or square
geometry.
Seepage pits are deep, circular excavations that rely almost completely on sidewall infiltration.
Seepage pits are no longer permitted in many jurisdictions because their depth and relatively
small horizontal profile create a greater point-source pollutant loading potential to ground water
than other geometries. Because of these shortcomings, seepage pits are not recommended in
this manual.
Infiltration surfaces may be created in natural soil or imported fill material. Most traditional
systems are constructed below ground surface in natural soil. In some instances, a restrictive
horizon above a more permeable horizon may be removed and the excavation filled with suitable
porous material in which to construct the infiltration surface (Hinson et al., 1994). Infiltration
surfaces may be constructed at the ground surface ("at-grades") or elevated in imported fill
material above the natural soil surface ("mounds").
An important difference between infiltration surfaces constructed in natural soil and those
constructed in fill material is that a secondary infiltrative surface (which must be considered in
design) is created at the fill/natural soil interface. Despite the differences between the types of
SWISs, the mechanisms of treatment and dispersal are similar.
Typical Applications
Subsurface wastewater infiltration systems are passive, effective, and inexpensive treatment
systems because the assimilative capacity of many soils can transform and recycle most
pollutants found in domestic and commercial wastewaters.
SWISs are the treatment method of choice in rural, unsewered areas. Where point discharges to
surface waters are not permitted, SWISs offer an alternative if ground water is not closely
interconnected with surface water. Soil characteristics, lot size, and the proximity of sensitive
water resources affect the use of SWISs. Local codes should be consulted for special
requirements, restrictions, and other relevant information.
Typical Performance
Results from numerous studies have shown that SWISs achieve high removal rates for most
wastewater pollutants of concern with the notable exception of nitrogen. Biochemical oxygen
demand, suspended solids, fecal indicators, and surfactants are effectively removed within 2 to 5
feet of unsaturated, aerobic soil.
Phosphorus and metals are removed through adsorption, ion exchange, and precipitation
reactions. However, the retention capacity of the soil is finite and varies with soil mineralogy,
organic content, pH, redox potential, and cation exchange capacity. The fate of viruses and toxic
organic compounds has not been well-documented (Tomson et al., 1984). Field and laboratory
studies suggest that the soil is quite effective in removing viruses, but some types of viruses
apparently are able to leach from SWISs to the ground water.
Fine-textured soils, low hydraulic loadings, aerobic subsoils, and high temperatures favor
destruction of viruses and toxic organics.
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Two Types of Septic Inspections
There are two main types of inspections of conventional septic systems: a “visual” inspection and
a “full” inspection (where the tank is pumped out at the same time).
Primary -Visual Inspections
This is the type of inspection usually performed by home inspectors. Occasionally, a septic
company may provide this type of inspection if the home buyer is not concerned about the septic
system and is only having one done to satisfy the mortgage company (although not all loans will
accept this type of inspection).
A visual inspection is a very limited inspection: it consists of running water in the house and
flushing commodes. The tank may or may not be located, but it is usually not opened or checked
unless the access lid is already exposed.
Therefore, as long as there is no backup in the plumbing and no water surfacing over the
absorption area, one has to assume the system is functioning properly. This does not mean
everything is functioning as it should — it just means the toilets flush.
Visual Inspections are Risky
A visual inspection is risky for the buyer, because they do not know what you cannot see. Here
are a few examples of problems systems can have that the inspector would never know if only a
visual inspection were performed:
 Leaking tank
 Overfull tank
 Roots
 Backflow
 Location (under deck, room addition, etc.)
 If baffles are in place
 If the dividing wall is secure
 Corrosion
 Thickness of sludge in the tank
 Size of tank or Inadequately sized tank
A need for repairs caused by a major problem with the system may mean having to install an
entirely new system (due to regulation changes). Depending on the type of system required for
that property, new systems can range from $7,000 to $15,000 on average, with some properties
up to $25,000 or more due to small lots, hills and access, etc. If these problems are not discovered
until after the house has sold, the new homeowner may find themselves having to foot the bill for
repairs of a new septic system.
Variations on Visual Inspections
An inspector may perform a variation of a visual inspection called a “dye test,” in which he or she
adds dye into the plumbing via the faucet or commode. The theory is that if any of the dye is seen
in the yard, then there is a problem.
Unlike the public collection system, adding dye is often unnecessary; no water should ever
surface over any portion of the system, no matter its color. However, many septic operators use
dye as a sales tool.
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Maintenance Inspections
The inspection should be performed by a certified inspector, usually a qualified private contractor
or member of the local health department. An inspection can be arranged by contacting your local
health department. The health department will either be able to complete the inspection, or refer
you to the appropriate wastewater professional to do the job. Some health departments may
charge a fee to complete an inspection. The first thing to be done in an inspection is to determine
the location of the septic tank.
Sometimes a sketch of the system is included with the original septic system permit and can be
referred to in locating the septic tank. If no sketch is available, a probe is most often used to locate
your septic tank. In some instances, when a probe cannot locate the tank, a radio transmitter may
be used. The transmitter is about the size of a small bottle of aspirin, and is flushed down the
toilet. A receiver is then used to follow the transmitter and locate the septic tank. The transmitter
can be retrieved once the tank is located and opened.
Once the tank is located, it will need to be uncovered. In some cases, the homeowner is required
to locate and uncover the septic tank prior to the inspector arriving. This can reduce costs of the
inspection if a fee is being charged for system inspection. It also reduces the time needed for the
inspection to take place. Once the tank is uncovered and opened, inspection of the inside of the
tank and its components will begin.
Maintenance inspections are gaining appeal as a management tool to assess the condition of
systems and determine pumping or other O&M needs. In some cases, this is a strictly voluntary
program, while in other cases; communities have elected to mandate pumping based on third
party inspections. Following inspection, the system owner should be notified of any needed
corrections and assigned a deadline to furnish acceptable proof that the corrections have been
made. Acceptable proof is usually a certification by the contractor listing the types and dates of
corrections made and final inspection. Some local agencies have adopted a sewage management
program that requires the annual inspection of systems with newly issued or modified permits and
proof of septic tank pumping for all systems (old and new).
Other agencies have designated certain geographical areas (such as aquifer or shoreline
protection zones) as being subject to annual system inspections and/or routine tank pumping.
Operation and maintenance inspection programs are usually coupled with a mandatory septic
tank pumping program. The local agency notifies the system owner when pumping is due.
Verification of pumping is provided to the regulating agency. Typical pumping requirements vary
from three to five years or more based on the daily sewage flow and individual household
wastewater characteristics.
Alternative and enhanced wastewater technologies require additional maintenance and/or
ongoing attention. In states and communities where these systems are authorized, performance
inspections are mandated in the state code or in the system’s operating permit.
For enhanced wastewater systems, a long-term maintenance contract is highly recommended
and typically required in state or local regulations, or as a provision of a system’s operating permit.
In addition, the National Sanitation Foundation (NSF) requires that manufacturers seeking
NSF/American National Standards Institute (ANSI) certification of a particular wastewater
technology must include the price of maintenance for the first two years in the product’s price as
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a condition of certification. In response, many manufacturers of wastewater systems now offer
maintenance contracts with their products.
In the soil treatment portion of the septic system, bacteria and viruses in the sewage are filtered
by the soil and microscopic organisms that occur naturally in the soil. Nutrients are absorbed by
soil particles or taken up by plants. These processes only work in unsaturated soil that has air in
it. Soil conditions may be saturated near lakes, streams and wetlands, and in areas with seasonal
or perched high water tables. In these cases, biological breakdown will be incomplete and
nutrients will move much greater distances. Ironically, numerous unsewered communities exist
around lakes, where saturated conditions are likely to exist. Originally intended as part time
vacation homes, residents now occupy the homes year round, taxing already stressed onsite
systems.
Untreated or improperly treated wastewater contains biological contaminants known to cause
disease. These contaminants are known as germs or pathogens. Pathogens fall into five main
categories: bacteria, viruses, protozoans, fungi and worms. Most of these pathogens use the
fecal/oral route to spread disease. Fecal material, including human waste, contains pathogens.
The usual method of infection requires you to touch the fecal material with your hands and then
transfer it to your mouth, either directly or through food. Pathogens can also contaminate water
supplies when the wastewater is allowed to reach the water table before adequate treatment
occurs.
Failing septic systems allow excess nutrients to reach nearby lakes and streams, promoting algae
and weed growth. Algal blooms and abundant weeds make the lake unpleasant for swimming
and boating, and affect water quality for fish and wildlife habitat. As plants die, settle to the bottom,
and decompose, they use oxygen that fish need to survive.
Synthetic cleaning products and other chemicals used in the home can be toxic to humans, pets,
and wildlife. If allowed to enter a failing septic system, these products may reach groundwater,
nearby surface water, or the ground surface.
Maintenance of Septic Systems
A key part of an O&M program is to track the maintenance of systems. The only way to ensure
that maintenance contracts are kept in effect and that systems are monitored when required is for
the management entity or regulatory authority to have a structured reporting program.
Service providers should report maintenance events and any lapses in maintenance contracts to
the management or regulatory authority. This information should be managed in a database to
monitor O&M activities and provide a system of accountability. Advances in technology via Webbased remote monitoring or telemetry can also allow multiple system operating parameters (e.g.,
pump cycles) to be monitored from remote locations around the clock.
Tank Pumped
Another part of the inspection process, after having the tank pumped, is to visually inspect the
inlet and outlet pipes for the presence of water entering the tank. It is important that no water is
running or plumbing fixtures are being used inside the house during the inspection. If water is
running into the tank, it may indicate a leak within the plumbing of the home or infiltration in the
inlet pipe. Water draining back into the septic tank from the outlet pipe may indicate a drainfield
problem. If that is occurring, the drainfield may be clogged and require further inspection.
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Effluent Filter
Another septic tank component that needs to be inspected, if in use, is the effluent filter. These
filters are located on the outlet side of the tank, in the outlet tee. The filter needs to be maintained
as well, so as not to allow solids to carry over into the drainfield. Maintenance of these filters
consists of pulling the filter and hosing the contents back into the septic tank. Another item to
consider is the use of “manhole” risers.
These are plastic risers that fit over the “manhole(s)” of a septic tank and are usually installed to
come right to ground level. The advantages to having risers is that for future inspections, less
excavation will be needed, and it is much easier to locate and access the septic tank. The
inspector will check the riser lids for cracks and ensure that the lids are secure so that
unauthorized access cannot be gained. It is important to remember that proper operation and
maintenance of your septic system includes routine inspections of your system.
Routine inspections are typically different from a property transfer inspection. Property transfer
inspections may not be as detailed and may not look at the entire system. Routine inspections
are necessary to the health of your onsite system.
Reporting and Monitoring State and Local Examples
The Barnstable County Department of Health in Rhode Island began to use its system database
in 2005 to track required services (monitoring, inspections) and O&M contract renewal as required
under maintenance contracts. If a component is not inspected on schedule, a notification appears
in the service schedule summary.
Homeowners in Hamilton County, Ohio, contract with manufacturers and local plumbers to
maintain home aeration wastewater treatment systems. Managed by the county, all of the system
locations are recorded using a geographic information system (GIS) tied to a regional GIS that
serves the entire Cincinnati Metropolitan Area.
Septic Tank Operation and Maintenance
The septic tank is a passive treatment unit that typically requires little operator intervention.
Regular inspections, septage pumping, and periodic cleaning of the effluent filter or screen are
the only operation and maintenance requirements.
Commercially available microbiological and enzyme additives are promoted to reduce sludge and
scum accumulations in septic tanks. They are not necessary for the septic tank to function
properly when treating domestic wastewaters. Results from studies to evaluate their effectiveness
have failed to prove their cost effectiveness for residential application. For most products,
concentrations of suspended solids and BOD in the septic tank effluent increase upon their use,
posing a threat to SWIS performance. No additive made up of organic solvents or strong alkali
chemicals should be used because they pose a potential threat to soil structure and ground water.
Septic Tank Inspections
Inspections are performed to observe sludge and scum accumulations, structural soundness,
watertightness, and condition of the inlet and outlet baffles and screens.
(Warning: In performing inspections or other maintenance, the tank should not be entered. The
septic tank is a confined space and entering can be extremely hazardous because of toxic gases
and/or insufficient oxygen.)
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Sludge and Scum Accumulations Sub-Section
As wastewater passes through and is partially treated in the septic tank over the years, the layers
of floatable material (scum) and settleable material (sludge) increase in thickness and gradually
reduce the amount of space available for clarified wastewater.
If the sludge layer rises to the bottom of the effluent T-pipe, solids can be drawn through the
effluent port and transported into the infiltration field, increasing the risk of clogging.
Likewise, if the bottom of the thickening scum layer moves lower than the bottom of the effluent
T-pipe, oils and other scum material can be drawn into the piping that discharges to the infiltration
field. Various devices are commercially available to measure sludge and scum depths. The scum
layer should not extend above the top or below the bottom of either the inlet or outlet tees. The
top of the sludge layer should be at least 1 foot below the bottom of either tee or baffle. Usually,
the sludge depth is greatest below the inlet baffle.
The scum layer bottom must not be less than 3 inches above the bottom of the outlet tee or baffle.
If any of these conditions are present, there is a risk that wastewater solids will plug the tank inlet
or be carried out in the tank effluent and begin to clog the SWIS.
Structural Soundness and Watertightness
Structural soundness and watertightness are best observed after the septage has been pumped
from the tank. The interior tank surfaces should be inspected for deterioration, such as pitting,
spalling, delamination, and so forth and for cracks and holes. The presence of roots, for example,
indicates tank cracks or open joints. These observations should be made with a mirror and bright
light. Watertightness can be checked by observing the liquid level (before pumping), observing all
joints for seeping water or roots, and listening for running or dripping water.
Before pumping, the liquid level of the tank should be at the outlet invert level. If the liquid level is
below the outlet invert, exfiltration is occurring. If it is above, the outlet is obstructed or the SWIS
is flooded. A constant trickle from the inlet is an indication that plumbing fixtures in the building
are leaking and need to be inspected.
Baffles and Screens
The baffles should be observed to confirm that they are in the proper position, secured well to the
piping or tank wall, clear of debris, and not cracked or broken. If an effluent screen is fitted to the
outlet baffle, it should be removed, cleaned, inspected for irregularities, and replaced. Note that
effluent screens should not be removed until the tank has been pumped or the outlet is first
plugged.
Septic Tank Pumping
Tanks should be pumped when sludge and scum accumulations exceed 30 percent of the tank
volume or are encroaching on the inlet and outlet baffle entrances. Periodic pumping of septic
tanks is recommended to ensure proper system performance and reduce the risk of hydraulic
failure.
If systems are not inspected, septic tanks should be pumped every 3 to 5 years depending on the
size of the tank, the number of building occupants, and household appliances and habits.
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Commercial systems should be inspected and/or pumped more frequently, typically annually.
There is a system available that provides continuous monitoring and data storage of changes in
the sludge depth, scum or grease layer thickness, liquid level, and temperature in the tank.
Accumulated sludge and scum material stored in the tank should be removed by a certified,
licensed, or trained service provider and reused or disposed of in accordance with applicable
federal, state, and local codes.
The most significant documented threats to ground water quality from SWISs are nitrates.
Wastewater nitrogen is nearly completely nitrified below properly operating SWISs.
Because nitrate is highly soluble and environments favoring denitrification in subsoil are limited,
little removal occurs. Chlorides also leach readily to ground water because they, too, are highly
soluble and are nonreactive in soil.
Dispersion of SWIS percolate in the ground water is often minimal because most ground water
flow is laminar. The percolate can remain for several hundred feet as a distinct plume in which
the solute concentrations remain above ambient ground water concentrations (Robertson et al.,
1989, Shaw and Turyk, 1994).
Groundwater Plume
The plume descends in the ground water as the ground water is recharged from the surface, but
the amount of dispersion of the plume can be variable. Thus, drinking water wells some distance
from a SWIS can be threatened if they are directly in the path of a percolate plume.
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Standard Leach Field Septic System Inspection
As the septic system is used, there is an accumulation of solids in the tank, which is sometime
referred to as sludge. The septic tank removes solids by holding wastewater in the tank for at
least 24 hours, allowing the solids to settle and scum to rise to the top. This is accomplished by a
series of baffles inside the tank. Up to 50% of the solids retained in the tank will decompose over
time. Effluent water discharges from the tank to perforated drain pipes. From there, it drains to
a constructed absorption or leach field
Septic drain fields, also called leach fields or leach drains are used to remove contaminants and
impurities from the liquid that emerges from the septic tank. A septic tank, the septic drain field,
and the associated piping compose a complete septic system. The septic drain field is effective
for disposal of organic materials readily catabolized by a microbial ecosystem. The drain field
typically consists of an arrangement of trenches containing perforated pipes and porous material
(often gravel) covered by a layer of soil to prevent animals and surface runoff from reaching the
wastewater distributed within those trenches.
Primary design considerations are hydraulic for the volume of wastewater requiring disposal and
catabolic for the long-term biochemical oxygen demand of that wastewater.
Many health departments require a percolation test (“perc” test) to establish suitability of drain
field soil to receive septic tank effluent. An engineer or licensed designer may be required to work
with the local governing agency to design a system that conforms to these criteria.
Wastewater from toilets is assumed to contain bacteria and viruses capable of causing disease.
Disinfection methods used prior to surface disposal of municipal sewage cannot be used with
septic tanks because disinfection would prevent wastewater treatment by killing the septic tank
and soil ecosystems catabolizing the putrescible contents of the wastewater. A properly
functioning drain field holds and deactivates pathogens before they leave the drain field soil.
The goal of percolation testing is to ensure the soil is permeable enough for septic tank effluent
to percolate away from the drain field, but fine grained enough to filter out pathogenic bacteria
and viruses before they travel far enough to reach a water well or surface water supply.
Coarse soils – sand and gravel – can transmit wastewater away from the drain field before
pathogens are destroyed. Silt and clay effectively filter out pathogens but allow very limited
wastewater flow rates.
Percolation tests measure the rate at which clean water disperses through a disposal trench into
the soil. Several factors may reduce observed percolation rates when the drain field receives
anoxic septic tank effluent.
Microbial colonies catabolizing soluble organic compounds from the septic tank effluent will
adhere to soil particles and reduce the interstitial area available for water flow between soil
particles. These colonies tend to form a low-permeability biofilm of gelatinous slime at the soil
interface of the disposal trench
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Insoluble particles small enough to be carried through the septic tank will accumulate at the soil
interface of the disposal trench; non-biodegradable particles like mineral soil from laundry or
vegetable washing, or bone and eggshell fragments from garbage disposals will remain to fill
interstitial areas formerly available for water flow out of the trench.
Cooking fats or petroleum products emulsified by detergents or dissolved by solvents can flow
through prior to anaerobic liquefaction when septic tank volume is too small to offer adequate
residence time, and may congeal as a hydrophobic layer on the soil interface of the disposal
trench.
Rising groundwater levels may reduce the available hydraulic head (or vertical distance) causing
gravitational water flow away from the disposal trench.
Effluent initially flowing downward from the disposal trench ultimately encounters groundwater or
impermeable rock or clay requiring a directional shift to horizontal movement away from the drain
field.
A certain vertical distance is required between the effluent level in the disposal trench and the
water level where the effluent is leaving the drain field for gravitational force to overcome viscous
frictional forces resisting flow through porous soil.
Effluent levels in the vicinity of the drain field will appear to rise toward the ground surface to
preserve that vertical distance difference if groundwater levels surrounding the drain field
approach the level of effluent in the disposal trench.
Frozen ground may seasonally reduce the cross-sectional area available for flow or evaporation.
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Aerobic Treatment Systems Sub-Section

An aerobic treatment system or ATS, often called (incorrectly) an aerobic septic system is a small
scale sewage treatment system similar to a septic tank system, but which uses an aerobic process
for digestion rather than just the anaerobic process used in septic systems. These systems are
commonly found in rural areas where public sewers are not available, and may be used for a
single residence or for a small group of homes.
Unlike the traditional septic system, the aerobic treatment system produces a high quality
secondary effluent, which can be sterilized and used for surface irrigation. This allows much
greater flexibility in the placement of the leach field, as well as cutting the required size of the
leach field by as much as half.
The ATS process generally consists of the following phases:
Pre-treatment stage to remove large solids and other undesirable substances from the
wastewater; this stage acts much like a septic system, and an ATS may be added to an existing
septic tank to further process the primary effluent.
Aeration stage, where the aerobic bacteria digest the biological wastes in the wastewater.
Settling stage to allow any undigested solids to settle. This forms a sludge which must be
periodically removed from the system.
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Disinfecting stage, where chlorine or similar disinfectant is mixed with the water, to produce an
antiseptic output.
The disinfecting stage is optional, and is used where a sterile effluent is required, such as cases
where the effluent is distributed above ground. The disinfectant typically used is tablets of calcium
hypochlorite, which are specially made for waste treatment systems.
Unlike the chlorine tablets used in swimming pools, which is stabilized for resistance to breakdown
in ultraviolet light, the tablets used in waste treatment systems is intended to break down quickly
in sunlight.
Stabilized forms of chlorine will persist after the effluent is dispersed, and can kill off plants in the
leach field.
Since the ATS contains a living ecosystem of microbes to digest the waste products in the water,
excessive amounts of items such as bleach or antibiotics can damage the ATS environment and
reduce treatment effectiveness.
Non-digestible items should also be avoided, as they will build up in the system and require more
frequent sludge removal.
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Clustered Treatment System Maintenance Sub-Section

Clustered systems can serve from two to 200 or more homes and/or commercial facilities. Also
known as community systems, clustered systems are a treatment option when individual
wastewater systems or centralized sewer service are not viable options.
Cluster systems have become an attractive option for many locations, especially in areas like
small lakeside communities where a higher level of treatment may be needed.
For example, Minnesota, the “land of 10,000 lakes,” reports that up to 60 percent of the permits
processed in recent years are for structures served by clustered wastewater systems.
The operation and maintenance requirements of cluster systems will vary based on the size of
the system, the wastewater being treated, and the types of technology used. Various technologies
that can be implemented via a cluster system.
They range in scale from a communal septic tank and soil dispersal system serving a dozen
homes to a large alternative sewer system connected to a treatment plant that can treat large
wastewater flows with a variety of wastewater treatment and dispersal/reuse technologies.
Homes and businesses served by cluster systems may be at varying distances from each other.
Primary treatment of wastewater for cluster systems served by small diameter effluent collection
systems (gravity or pumped) is provided at the home or business with a properly designed and
sized septic tank.
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Effluent Filters or Screens
Effluent filters or screens are used at the outlets of the septic tank or pump tank to prevent larger
solids (greater than 1/8”) from entering the shared portions of the system. Shut-off, or isolation
valves are installed at each property served, and other appropriate valving is used to isolate and
service portions of the system as needed.
The use of cluster systems for wastewater service can offer a number of economic and
environmental benefits.
Those include:
• Site disruption, including erosion and sedimentation impacts, can be substantially reduced on
each property if only a septic tank and possibly a pump tank is needed, rather than an entire
treatment and disposal system constructed for each individual site.
• One treatment and final dispersal system serving multiple properties can offer savings through
economies of scale to those served. This is due to reduced initial capital costs per property, as
well as lower long term operation and maintenance costs (costs associated with routine
maintenance and servicing of one larger system tend to be significantly lower than that of multiple
smaller systems).
• Systems providing higher levels of treatment tend to require more maintenance over time, and
may have a greater need for on-going care and attention. For environmental conditions for which
higher treatment is needed, it may not be reasonable to expect that each home or property will
provide adequate care to the system to keep it in good operating condition. Therefore,
environmental risks increase with the number of treatment systems serving a given number of
properties.
• Individual property owners may not wish to be directly involved with the maintenance and care
of their wastewater system. Cluster systems can be operated and maintained by a designated
entity with properly trained and licensed personnel.
• Individual lots can safely be smaller if a full individual onsite treatment system is not needed for
each. Homes and businesses can be located on lots with steeper slopes and rockier conditions,
while reserving a more suitable area in the development/subdivision for the wastewater treatment
and dispersal system.
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Septic Management Considerations
In the past, state and local wastewater management programs rarely specified O&M requirements
for conventional or enhanced wastewater systems. The regulation of system design, construction,
and operation was considered to be satisfactory community oversight. However, as more and
more systems malfunction and threaten waterways and as more systems include higher
maintenance electrical and mechanical components, communities are recognizing the value of
O&M requirements.
Many are strengthening programs with a number of tools, including requirements for homeowner
service contracts, routine maintenance inspections, revocable operating permits, monitoring, and
enhanced reporting and data management that support proper system performance.
Education and Outreach
Public involvement and education is one of the most critical elements in a successful wastewater
management program. Engaging stakeholders builds awareness of wastewater management
issues and needs and can increase support to develop and implement an effective program.
Technical and advisory committees are an effective approach to help review program options and
identify O&M proposals. Thurston County, Washington, created a citizen advisory committee in
2003 to help develop an O&M proposal to address problems associated with malfunctioning
systems.
The O&M program establishes a more rigorous maintenance and inspection requirement for all
treatment systems within the boundaries of the watershed protection area through the use of
renewable operational certificates. For systems designated as “high risk,” a dye tracer evaluation
is required as a condition of the operational certificate renewal.
Ultimately, it is the actions of the homeowner that will determine the success of any O&M program.
Numerous surveys of homeowners have revealed a general lack of knowledge regarding their
wastewater systems. Most state and local programs include an education program to promote
homeowner awareness. Many have developed guides and fact sheets to inform homeowners
about how to maintain and troubleshoot their systems.
Some localities, like Jefferson County in Alabama, mail out reminders to homeowners to have
their septic tank checked to see if it is in need of pumping. Others have developed a more rigorous
approach of direct technical and financial assistance to homeowners. For example, many
Washington counties have used the Washington Water Pollution Control State Revolving Fund’s
low-interest loan program to help residents repair and upgrade malfunctioning systems.
Training and Certification
Communities that require inspections of wastewater systems (construction, operations, and
maintenance) typically also require using only trained or certified inspectors and service providers.
Several states have established certification and licensing programs for inspectors, pumpers,
haulers, and other service providers. In addition, some states and jurisdictions have created
registries for certified providers to encourage the use of trained professionals.
A small community has many alternatives to evaluate and select from for its wastewater collection
and treatment. The choices range from the use of an individual septic tank/lateral field for each
home and business, to gravity sewers and treatment plants that are miniatures of those used by
larger communities.

117
TLC OSSF ©1/1/2021

(866) 557-1746

Small communities can also consider integrated combinations of more than one method.
Centralized, Decentralized, and Onsite A centralized system usually means a central treatment
plant handling wastewater collected in gravity sewers with pumping stations as needed.
An onsite system treats the wastewater generated by a single-family home or one business. The
wastewater is treated and returned to the environment within the property boundaries of the home
or business.
A decentralized system is actually centralized in the sense that it has a central coordinated
administration, but may have a common collection system and treatment facility or onsite systems
or both. Discharging vs. Non-Discharging A community needs to decide whether they want their
system to be discharging or non-discharging.
Discharging systems release the treated wastewater to the ground surface, usually into a ditch or
stream.
A discharging system requires a National Pollution Discharge Elimination System (NPDES) permit
from the Department of Health and Environment and regular monitoring of the quality of the
discharged water. A non-discharging system returns the wastewater to the soil (below surface)
and to the air by evaporation or plant transpiration.
Non-discharging lagoons that receive more than 2,500 gallons per day require a State water
pollution control permit.
Factors that are considered in making the discharging/non-discharging decision are size of the
community (flow), ability of the local soils to absorb the required amount of wastewater, limitations
on the stream receiving the water, and ability/desire to operate a moderately complex system.
Discharging systems must use some type of treatment such as a sand filter, aeration system,
package plant (pre-engineered mechanical unit), or a set of lagoons designed to be discharging
systems, followed by disinfection, if needed.
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Operating Permits
In some cases, renewable operating permits are used to ensure ongoing maintenance of a
wastewater system. In areas where operating permits are issued to conventional systems, the
permit may specify routine septic tank pumping. On the other hand, in the case of Spokane,
Washington, new systems and systems located over the Spokane/Rathdrum Aquifer are tracked
and issued a renewable three-year permit by the health district. Inspection and maintenance is
required prior to permit renewal.
More complex (enhanced) systems, however, often include maintenance inspections,
maintenance contracts, and compliance measures. In the case of a performance-based system,
the operating permit may include specific standards that must be maintained along with
monitoring and reporting requirements. Ohio adopted O&M regulations in 2004 that authorize the
use of operating permits as a legal means to establish O&M requirements and, in some cases,
mandatory service contracts. The regulations include a provision that O&M, in accordance with
the manufacturer’s instructions, shall be met when required as a condition of an operating permit.
The O&M rules also require:
 Increased levels of management related to risk conditions associated with higher sewage
treatment system density, complexity, and reliability and location of systems in areas of
high risk for surface water or groundwater contamination.
 Recording of operating permit conditions, service contract requirements, or other O&M
management information on property deeds as a means to provide notification upon
transfer of property.
 Utilization of private sector professionals or responsible management entities, or
designation of qualified agents to conduct monitoring or other O&M management
responsibilities.
 Inclusion of enhanced O&M management mechanisms such as Web-based reporting,
remote telemetry, and use of publicly and privately available database programs to
support O&M tracking requirements.
 Establishment of a household sewage treatment district.
Renewable Operating Permits for Enhanced Systems
Marin County, California, requires renewable operating permits for enhanced systems. The
permits are the basis for verifying the adequacy of a system’s performance and their renewal is
based on the performance of the system. Failure to undertake any required corrective work may
be cause for non-renewal or revocation of the operating permit.
In Monroe County, Florida, state law specifies enhanced nutrient reduction systems to protect the
coastal ecosystem. These systems have biennial operating permits, and maintenance contracts
and are inspected annually.
Malibu, California, Ordinance 242 adopted in 2001 establishes a renewable operating permit for
new and replacement wastewater treatment systems. Inspections from private registered
inspectors are required on a regular basis. Operating permits for enhanced systems are good for
two years. Permits for conventional systems are good for three years.
Four health districts in the northeastern corner of North Carolina established the Albemarle Septic
Management Entity (ASME) to monitor the subsurface drainage of wastewater treatment systems.
ASME issues operating permits in accordance with state and local rules.
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In addition to conventional systems, two inspections of enhanced systems are conducted each
year. ASME has authority to repair a malfunctioning system and bill the owner or place a lien on
property for failure to reimburse ASME.
Public and Private Management Entities
Enhanced systems and cluster systems can pose greater risks of mechanical and performance
failure than passive conventional systems. Special districts, water/sewer authorities, and public
utilities can be an effective option for managing these systems. Private entities can also be
authorized to own, operate, and/or maintain an individual or cluster system.
Michigan law provides for a number of institutional options for community wastewater
management and the construction of community wastewater treatment systems. For example:
Rural townships can contract for management services from an adjacent community with a
preexisting wastewater management entity.
If the county has a county sewage/water district, then local governments contract directly with the
county for wastewater management services.
Small communities, townships, and villages can contract with a private company to monitor and
maintain individual and community wastewater systems.
Several townships and/or villages can establish a joint authority, such as a sewage district or
management district, to share building and management costs.
At least 12 possible institutional variations for wastewater management entities are authorized in
North Carolina. Minnesota has several wastewater management districts operating, including two
sponsored by local rural electric associations. The utilities subcontract with local installers to
perform the twice-a-year O&M service. These utilities have the ability to bill their wastewater
customers for O&M as part of their electric bill.
Finally, accountability is an important aspect of administering a private or public management
entity. Health departments and state agencies generally retain their authority to approve system
designs and issue permits. The public or private management entity conducts inspections,
provides maintenance, and executes remediation and repair activities.
Aerobic Treatment Units (ATUs)
A mechanical onsite treatment unit that provides secondary wastewater treatment by mixing air
(oxygen) and aerobic and facultative microbes with the wastewater in a sewage tank. In many
states, the minimum construction standards require that ATUs comply with NSF Standard 40.
Gravity Effluent Distribution Devices
Divide and/or transport the liquid effluent from a septic tank or ATU to absorption trenches for
dispersal into the soil. These devices include distribution boxes, drop boxes, and step-downs.
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Gravity Laterals
A system of trenches excavated along ground contours used to distribute effluent by gravity flow
from a septic tank or ATU and apply the effluent to the soil infiltrative surface. Generally, 18-inch
deep trenches are used; however, with approval trenches can be up to 30 inches deep.
Gravity Lateral Systems Include:
 4-inch perforated distribution pipe in trenches filled with gravel or tire chips;
 chamber systems (an open bottom structure, which forms an underground effluent storage
cavity over the soil's infiltrative surface);
 large diameter gravel-less pipe (a filter wrapped corrugated plastic pipe); and
 12-inch expanded polystyrene (EPS) bundles (a 4-inch corrugated plastic distribution pipe
enclosed in a bundle of EPS)
Shallow Placed Gravity Laterals
Lateral trenches with the trench bottom 12 to 18 inches deep in natural soil with suitable soil fill
material properly installed to provide adequate cover over the system.
Dosed Gravity Systems
Use siphons or pumps to dose into a gravity distribution device or through a pressure manifold
into the ends of gravity lateral trenches. Pressure manifolds can be used to more equally divide
effluent between gravity lateral trenches or to proportion effluent to unequal length trenches;
however, effluent is still moved along the length of a trench by gravity.
Lagoons (Wastewater Stabilization Ponds)
Sealed earthen basins, which use natural unaided biological processes to treat wastewater.
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Secondary Treatment Sub-Section
Many times advanced treatment is utilzed with or in lieu of Activated Sludge treatment.

Ponds and Lagoons
The primary difference between ponds and lagoons is the depth. Pond are generally shallow,
typically 3 to 5 feet, they are often used in small communities to treat domestic waste. The method
ponds work to stabilize the waste is that the heavy solids settle to the bottom where it is
decomposed by bacteria. The pond’s clarity is dependent by the number of ponds in place. We
refer to the configuration as singular (in a row) or parallel (side-by-side). Dissolved nutrient
materials, such as nitrogen and phosphorus are used by green algae which are microscopic
plants floating and living in the water. The algae uses carbon dioxide (CO2) and bicarbonate to
build body protoplasm. This algae needs nitrogen and phosphorus in their metabolism much as
land plants do. Like land plants, they release oxygen and some carbon dioxide as waste products.

The most often used ponds in domestic wastewater treatment are the stabilization pond and
facultative lagoon. The stabilization pond is designed to be aerobic throughout its depth and the
facultative lagoon will be anaerobic at the bottom and aerobic at the top. Stabilization ponds
provide secondary biological treatment and are the most commonly used wastewater pond.
Stabilization ponds must be preceded by some form of primary treatment to reduce the solids
entering the pond.
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Respiration in lakes recycles organic carbon arising from photosynthesis back to inorganic
carbon. Prior to this transformation, the organic carbon is potentially available to support
secondary production. Generally speaking, ponds rarely are part of the A/S system, but can be a
great back-up for overflow conditions.

The original lagoon system consist of one aerated cell (Basin 1), followed by a non-aerated
polishing cell (Basin 2) and a final chlorine contact chamber. This system has a third non-aerated
cell (Basin 3) for sludge settling.
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Microorganisms in Lagoons and Activated Sludge
If you feed bugs or maintain bugs to degrade waste, this can be considered part of the A/S. Before
we look at the bugs themselves, let us look at eating habits. Have you ever met a person who
was a picky eater?
You have people who will put their noses up at some things and others who would eat anything.
Predators typically eat from a narrow set of prey, while omnivores and scavengers eat from a
broader food selection.
 Swimming and gliding ciliates engulf bacteria or other prey.
 Stalked ciliates attach to the biomass and vortex suspended bacteria into their gullets,
while crawlers break bacteria loose from the floc surface.
 Predators feed mostly on stalked and swimming ciliates. The omnivores, such as most
rotifers, eat whatever is readily available, while the worms feed on the floc or prey on larger
organisms. Microorganisms are directly affected by their treatment environment.
 Changes in food, dissolved oxygen, temperature, pH, total dissolved solids, sludge age,
presence of toxins, and other factors create a dynamic environment for the treatment
organisms.
Food (organic loading) regulates microorganism numbers, diversity, and species when other
factors are not limiting. The relative abundance and occurrence of organisms at different loadings
can reveal why some organisms are present in large numbers while others are absent.
The aerobic bacteria that occur are similar to those found in other treatment processes such as
in the activated sludge process. Three functional groups occur: freely dispersed, single bacteria;
floc-forming bacteria; and filamentous bacteria. All function similarly to oxidize organic carbon
(BOD) to produce CO2 and new bacteria (new sludge).
Many bacterial species that degrade wastes grow as single
bacteria dispersed in the wastewater. Although these readily
oxidize BOD, they do not settle and hence often leave the
system in the effluent as solids (TSS).
These tend to grow in lagoons at high organic loading and low
oxygen conditions. More important are the floc-forming bacteria,
those that grow in a large aggregate (floc) due to exocellular
polymer production (the glycocalyx).
This growth form is important as these flocs degrade BOD and settle at the end of the
process, producing a low TSS effluent.
A number of filamentous bacteria occur in lagoons, usually at specific growth environments.
These generally do not cause any operational problems in lagoons, in contrast to activated
sludge where filamentous bulking and poor sludge settling is a common problem. Most
heterotrophic bacteria have a wide range in environmental tolerance and can function effectively
in BOD removal over a wide range in pH and temperature.
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Aerobic BOD removal generally proceeds well from pH 6.5 to 9.0 and at temperatures from 34oC to 60-70°C (mesophilic bacteria are replaced by thermophilic bacteria at temperatures
above 35°C). BOD removal generally declines rapidly below 3-4°C and ceases at 1-2°C.
A very specialized group of bacteria occurs to some extent in lagoons (and other wastewater
treatment systems) that can oxidize ammonia via nitrite to nitrate, termed nitrifying bacteria.
These bacteria are strict aerobes and require a redox potential of at least +200 m V (Holt et al.,
1994).
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Aerated Lagoons
The aerated lagoons are basins, normally excavated in earth and operated without solids
recycling into the system. This is the major difference with respect to activated sludge systems.
Two types are the most common: the completely mixed lagoon (also called completely
suspended) in which the concentration of solids and dissolved oxygen are maintained fairly
uniform and neither the incoming solids nor the biomass of microorganisms settle, and the
facultative (aerobic-anaerobic or partially suspended) lagoons. In the facultative lagoons, the
power input is reduced causing accumulation of solids in the bottom that undergo anaerobic
decomposition, while the upper portions are maintained aerobic. The main operational difference
between these lagoons is the power input, which is in the order of 2.5-6 Watts per cubic meter
(W/m3) for aerobic lagoons while the requirements for facultative lagoons are of 0.8-1 W/m3.
Being open to the atmosphere, the lagoons are exposed to low temperatures that can cause
reduced biological activity and eventually the formation of ice. This can be partially alleviated by
increasing the depth of the basin. These units require a secondary sedimentation unit, which in
some cases can be a shallow basin excavated in earth, or conventional settling tanks can be
used.

Diagram of facultative aerated lagoon.
If excavated basins are used for settling, care should be taken to provide a residence time long
enough for the solids to settle, and there should also be provision for the accumulation of sludge.
There is a very high possibility of offensive odor development due to the decomposition of the
settled sludge, and algae might develop in the upper layers contributing to an increased content
of suspended solids in the effluent.
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Odors can be minimized by using minimum depths of up to 2 m, while algae production is reduced
with liquid retention time of less than two days. The solids will also accumulate, all along the
aeration basins in the facultative lagoons and even in comers, or between aeration units in the
completely mixed lagoon.
These accumulated solids will, on the whole, decompose in the bottom, but since there is always
a non-biodegradable fraction, a permanent deposit will build up. Therefore, periodic removal of
these accumulated solids becomes necessary. We will cover this in much more detail in a few
more pages.
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Algae
Algae are aerobic organisms that are photosynthetic and grow with simple inorganic compounds
CO2, NH3, NO3, and PO4 using light as an energy source. (**Note that algae produce oxygen
during the daylight hours and consume oxygen at night.)
Algae are desirable in lagoons as they generate oxygen needed by bacteria for waste
stabilization. Three major groups occur in lagoons, based on their chlorophyll type: brown algae
(diatoms), green algae, and red algae.
The predominant algal species at any given time is dependent on growth conditions, particularly
temperature, organic loading, oxygen status, nutrient availability, and predation pressures. A
fourth type of "algae" common in lagoons is the cyano-bacteria or blue-green bacteria.
These organisms grow much as the true algae, with the exception that most species can fix
atmospheric nitrogen. Blue-green bacteria often bloom in lagoons and some species produce
odorous and toxic by-products.
Blue-Green Bacteria
Blue-green bacteria appear to be favored by poor growth conditions including high temperature,
low light, low nutrient availability (many fix nitrogen) and high predation pressure. Common bluegreen bacteria in waste treatment systems include Aphanothece, Microcystis, Oscillatoria and
Anabaena.
Algae can bloom in lagoons at any time of the year (even under the ice); however, a succession
of algae types occurs over the season. There is also a shift in the algal species present in a lagoon
through the season, caused by temperature and rotifer and Daphnia predation.
Diatoms usually predominate in the wintertime at temperatures <60°F. In the early spring, when
predation is low and lagoon temperatures increase above 60°F, green algae such as Chlorella,
Chlamydomonas, and Euglena often predominate in waste treatment lagoons.
The predominant green algae change to species with spikes or horns such as Scenesdesmus,
Micractinium, and Ankistrodesmus later in the season when Rotifers and Daphnia are active
(these species survive predation better).
Algae grow at warmer temperatures, longer detention time, and when inorganic minerals needed
for growth are in excess.
Alkalinity (inorganic carbon) is the only nutrient likely to be limiting for algal growth in lagoons.
Substantial sludge accumulation in a lagoon may become soluble upon warming in the spring,
releasing algal growth nutrients and causing an algal bloom. Sludge resolution of nutrients is a
major cause of high algal growth in a lagoon, requiring sludge removal from the lagoon for
correction.
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Algae is not a good sign.
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More on the Treatment Lagoon
The pH at a treatment lagoon is determined by the various chemical species of alkalinity that are
present. The main species present are carbon dioxide (CO2, bicarbonate ion (HCO3), and
carbonate ion (CO23). Alkalinity and pH can affect which species
will be present. High amounts of CO2 yield a low lagoon pH, while
high amounts of CO23 yield a high lagoon pH.
Bacterial growth on BOD releases CO2 which subsequently
dissolves in water to yield carbonic acid (H2CO3). This rapidly
dissociates to bicarbonate ion, increasing the lagoon alkalinity.
Bacterial oxidation of BOD causes a decrease in lagoon pH due
to CO2 release.
Algal growth in lagoons has the opposite effect on lagoon pH,
raising the pH due to algal use for growth of inorganic carbon
(CO2 and HCO3). Algal growth reduces the lagoon alkalinity
which may cause the pH to increase if the lagoon alkalinity (pH
buffer capacity) is low.
Algae can grow to such an extent in lagoons (a bloom) that they consume all of the CO2 and
HCO3 present for photosynthesis, leaving only carbonate (CO23) as the pH buffering species. This
causes the pH of the lagoon to become alkaline. pH values of 9.5 or greater are common in
lagoons during algal blooms, which can lead to lagoon effluent pH violations (in most states this
is pH = 9). It should be noted that an increase in the lagoon pH caused by algal growth can be
beneficial. Natural disinfection of pathogens is enhanced at higher pH.
Phosphorus removal by natural chemical precipitation is greatly enhanced at pH values greater
than pH = 8.5. In addition, ammonia stripping to the atmosphere is enhanced at higher pH
values (NH3 is strippable, not NH4+).
Protozoans and Microinvertebrates
Many higher life forms (animals) develop in lagoons. These include protozoans and
microinvertebrates such as rotifers, daphnia, annelids, chironomids (midge larvae), and mosquito
larvae (often termed the zooplankton). These organisms play a role in waste purification by
feeding on bacteria and algae and promoting flocculation and settling of particulate material.
Protozoans are the most common higher life forms in lagoons with about 250 species identified
in lagoons to date (Curds, 1992). Rotifers and daphnia are particularly important in controlling
algal overgrowth and these often "bloom" when algal concentrations are high. These
microinvertebrates are relatively slow growing and generally only occur in systems with a
detention time of >10 days. Mosquitoes grow in lagoons where shoreline vegetation is not
removed, possibly causing a nuisance and public health problem.
Culex tarsalis, mosquito, the vector of Western Equine Encephalitis in the western U.S., grows
well in wastewater lagoons (USEPA, 1983). The requirement for a minimum lagoon bank slope
and removal of shoreline vegetation by most regulatory agencies is based on the public health
need to reduce mosquito vectors.
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Impacts of Effluent on Groundwater

Groundwater represents the largest volume of fresh water on earth. Only three percent of the
earth’s fresh water resides in streams, lakes, and other surface water bodies. The other 97
percent is beneath the surface, flowing toward points of discharge such as streams, lakes,
springs, and wetlands. Groundwater becomes surface water at these discharge points. Effective
waste treatment is essential to protecting our water supplies.
Approximately 25 percent of households in North America utilize groundwater for consumption
and other domestic uses. These same homes employ septic systems as their means for
wastewater treatment (US EPA, 2008).
As water percolates through the soil, it is purified and in most cases requires no further treatment
before being consumed. However, when the soil is overloaded with a treatable contaminant, or
when the contaminant cannot be treated by the soil, the quality of the underlying groundwater
may change significantly.
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When a septic system fails to effectively treat and disperse effluent, it can become a source of
pollution. This type of failure can occur in three different ways. The first way is when effluent ponds
on the soil surface, causing a wet seepy area. The second obvious way that septic system can
fail is to have effluent backing up into the dwelling. It is also important to prevent a third, and less
obvious, type of failure, which is contamination of the ground or surface waters.
Pollution of groundwater (with nitrogen, pathogens, bacteria, chemicals, etc.) is very difficult to
clean up, since the only access to the water table is through wells, trenches (if the water table is
high enough), or natural discharge points such as springs. An incident of groundwater pollution
often becomes a problem that persists for many years.
Soil Treatment Processes
The soil treatment and dispersal zone provides for the final treatment and dispersal of septic tank
effluent. To varying degrees, the soil treatment and dispersal zone treats the wastewater by acting
as a filter, exchanger, or absorber by providing a surface area on which many chemical and
biochemical processes occur. The combination of these processes, acting on the effluent as it
passes through the soil, and purifies the water.
Biomat
As septic tank effluent flows into a soil treatment trench, it moves vertically through the distribution
media to the biomat where treatment begins. The biomat is a biological layer formed by anaerobic
bacteria, which secrete a sticky substance and anchor themselves to the soil, rock particles, or
other available surfaces.
The biomat develops first along the trench bottom, where effluent begins to pond. The biomat
develops along the soil-media contact surfaces on the trench’s sidewalls. When fully developed,
the gray-to-black sticky biomat layer is about one inch thick.
Flow through a biomat is considerably slower than flow through natural soil, allowing unsaturated
conditions to exist in the soil beneath the soil treatment trench. Unsaturated flow increases the
travel time of effluent through the soil, ensuring that it has sufficient time to contact the surfaces
of soil particles and microorganisms.
A properly functioning gravity-fed system will have wastewater ponded in the distribution media
while the soil a few inches outside of and below the distribution media will be unsaturated.
Unsaturated soil has pores containing both air and water so aerobic microorganisms living in the
soil can effectively treat the wastewater as it travels through the soil system.
In unsaturated soil under a biomat, water movement is restricted. In order for the wastewater to
move through the soil, it must be pulled or wicked through the fine pores by capillary action.
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Sewage Treatment Utilizing Soil Sub-Section
A developed biomat reaches equilibrium over time, remaining at about the same thickness and
the same permeability if effluent quality is maintained. For this equilibrium to be maintained, the
biomat and the effluent ponded within the trench must be in anaerobic conditions, the organic
materials in the wastewater feed the anaerobic microorganisms, which grow and multiply,
increasing the thickness and decreasing the permeability of the biomat.
On the soil side of the biomat beneath the drainfield, oxygen is present so that conditions are
allowing aerobic soil bacteria to feed on and continuously break down the biomat. These two
processes occur at about the same rate so that the thickness and permeability of the biomat
remain in equilibrium.
If the quality of the effluent leaving the septic tank decreases because of failure to regularly pump
out the septic tank, more food will be present for the anaerobic bacteria, which will cause an
increase in the thickness of the biomat and decrease its permeability (Siegrist, 1987). If seasonally
saturated conditions occur in the soil outside the trench, aerobic conditions will no longer exist,
which will prevent aerobic bacteria from breaking down the biomat. Under these conditions the
biomat will thicken, reducing its permeability and the effectiveness of effluent entering the soil.
Site Evaluations
Site evaluations are a key driver of treatment system design. The success of any soil-discharging
wastewater treatment system depends on the appropriate match between wastewater
flow/strength, the treatment system design, and the site that receives effluent from the system.
Site-specific observations and characterization by a qualified, experienced professional is
essential to understanding local site conditions and ensuring the proper operation of individual
and clustered wastewater systems.
Ensure Compliance with Regulations
Nearly every state and most local, county, and city governments have developed written
requirements governing the type of sites that can be permitted for subsurface effluent discharges
from individual and clustered wastewater systems.
Regulatory compliance parameters include maximum slope angles acceptable for system
components, appropriate soil types and depth, minimum depth-to-groundwater (or bedrock)
requirements, and mandatory setback distances between system components and property lines,
structures, and water bodies, among others.
Site evaluators should be familiar with the regulatory requirements for soil-discharging individual
and clustered systems and the procedures for accommodating variances to those requirements,
in terms of both the legal process for issuing variances and the system adaptations needed to
ensure the desired treatment performance.
In most states, individual system regulations are promulgated by the public health agency.
Requirements for clustered systems (e.g., those discharging more than 1,000 gallons per day)
are sometimes under the purview of the state water resources agency. Large-capacity septic
systems (i.e., those with the capacity to serve 20 or more people per day) are regulated by EPA
and the states through the Underground Injection Control Program of the Safe Drinking Water
Act.
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Assure System Performance
Wastewater systems depend on the soil for 1) final treatment of effluent from the tank or unit
process components, and 2) dispersal of the effluent to the soil. As noted in the resource guide
on system design, the desired final quality of the effluent depends on the constructed/installed
treatment train and the pollutant removal capabilities of the soil.
The soil component of the system receives, stores, and treats incoming effluent. The subsurface
“ponding” and slow release of effluent to the soil through the biomat facilitates treatment via
chemical, physical, and biological processes such as aerobic nitrification of ammonia, adsorption
of potential pollutants (e.g., phosphorus), filtration of solids, and decomposition of organic
constituents. Predicting the pollutant removal and overall treatment efficacy of the soil component
of the system requires a fairly comprehensive understanding of how these processes work, how
they are enhanced or impeded, and how the upstream processes in the treatment train can be
adjusted or adapted to ensure that the soil can handle the flow and pollutant load delivered.
Protect Public Health and Water Resources
Individual and clustered wastewater systems can malfunction due to soil or site-related causes.
These malfunctions can threaten public health or water resources by
 Causing sewage backups in homes or basements.
 Ponding poorly treated sewage in yards or landscaped areas.
 Contaminating surface waters with nutrients or bacteria.
 Polluting groundwater wells with bacteria or nitrate
The site evaluation procedures summarized below are designed to identify site characteristics
that might contribute to elevated health or environmental risks to ensure that they can be
addressed in the selection, configuration, sizing, or operation of the treatment system.
The preliminary review is performed prior to any fieldwork. It is based on information available
from the owner and local agencies and on general resource information. The objectives of the
preliminary review are to identify potential effluent infiltration sites, identify potential treatment
system design boundaries (e.g., groundwater table, property line, etc.), assess the ability of the
soil to provide final treatment, and develop a conceptual plan for supplying the level of treatment
required prior to soil discharge. Preliminary screening of sites is an important aspect of the site
evaluator’s role.
More than one receiving environment might be feasible and available for use. In addition, the
desktop review might suggest that treatment be provided via clustered, rather than individual,
facilities.
Focusing the effort on the most promising receiving environment and the most efficient and
effective treatment works allows the evaluator to reasonably and methodically eliminate the least
suitable sites early in the site evaluation process. For example, basic knowledge of the local
climate might eliminate evaporation or evapotranspiration as a potential receiving environment
immediately.
Also, the applicable local codes often prohibit direct or indirect discharges to surface waters (i.e.,
requiring an NPDES permit) from small systems. Knowledge of local conditions and regulations
is essential during the screening process.
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Resource materials and information to be reviewed may include, but are not limited to, the
following:
Property information should include owner contact information, site legal description or address,
plat map or boundary survey, description of existing site improvements (e.g., existing onsite
wastewater systems, underground tanks, utility lines), previous and proposed uses, surrounding
land use and zoning, and other available and relevant data.
Detailed soil surveys are available online from the Natural Resources Conservation Service
(NRCS). Detailed soil surveys provide soil profile descriptions, identify soil limitations, estimate
saturated soil conductivities and permeability values, describe typical landscape position and soil
formation factors, and provide various other soil-related information. Soil survey data should be
supplemented with detailed soil sampling at the site. The NRCS publication Field Book for
Describing and Sampling Soils is an excellent manual for use in site evaluation.
Quadrangle maps provide general topographic information about a site and surrounding
landscape. These maps are developed and maintained by the U.S. Geological Survey (USGS)
and provide nationwide coverage typically at a scale of 1 inch = 2000 feet, with either a 10- or 20foot contour interval.
At this scale, the maps provide information related to land use, public improvements (e.g.,
roadways), USGS benchmarks, landscape position and slope, vegetated areas, wetlands,
surface drainage patterns, and watersheds. Aerial photographs are available from several popular
online mapping sites (e.g., Google, Yahoo, MapQuest, etc.), many of which are free. Resolution
varies across the nation. Some rural areas do not have fine resolution coverage. If available,
aerial photographs can provide information regarding past and existing land use, drainage and
vegetation patterns, surface water resources, and approximate location of property boundaries.
Aerial photographs may be available from a variety of other sources, such as county or regional
planning offices, property valuation, and agricultural agencies.
Geology and basin maps are especially useful for providing general information regarding
bedrock formations and depths, groundwater aquifers and depths, flow direction and velocities,
ambient water quality, surface water quality, stream flow, and seasonal fluctuations. If available,
these maps can be obtained from USGS.
Water resource and health agency information, such as permit and other files for nearby
treatment systems, can provide valuable information regarding local system designs,
applications, and performance. Interviews with agency permitting, planning, and field staff can
often provide valuable information on regional, local, and even site-specific conditions, such as
water quality data, septic system complaints, and future plans for provision of clustered or
centralized treatment services.
Local installers and service providers can provide information on other sites in the vicinity,
existing technology performance, and general knowledge of soils and other factors that inform
both the site evaluation and the selection of appropriate treatment system components. Climate
data, such as temperature, precipitation, and pan evaporation rates can be obtained from the
National Oceanic and Atmospheric Administration. This information is necessary if
evapotranspiration systems are being considered. The evaluator must realize, however, that the
data from the nearest weather station might not accurately represent the climate at the site being
evaluated.
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After the visual assessment of surface conditions are assessed, the site evaluation proceeds to
an investigation of subsurface conditions, especially soil conditions and groundwater
characteristics.
Soils are one of the most important factors to consider during the field investigation, because
soil-discharging systems depend on the soil matrix for a significant portion of effluent treatment.
Soil properties will affect the type of treatment system selected, the design loading rate, and the
size of the dispersal field. Groundwater proximity and movement is also important in considering
effluent residence time in unsaturated soil and the movement of pollutants that enter the water
table.
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Improving OSSF Treatment through Performance Requirements

Conventional Onsite Techniques
Conventional onsite wastewater treatment methods can be adapted to small community-wide
systems by increasing their size. Conventional onsite systems are those where wastewater exits
the home or business and passes through a septic tank before it is treated in a soil absorption
field. These absorption fields can be pipe-in-rock trenches, chambers, or beds, although beds
are not recommended for large flows. A small community that has onsite systems should give
serious thought about whether their systems are failing and why. (Sanitary Surveys will be
discussed in a later chapter.) Homes on very small lots in soils that are not very permeable may
not be able to use onsite systems under any circumstances.
However, it may be possible to use existing or repaired onsite systems with good management
and careful use. It may be less expensive in both the near and long terms to make such
modifications as low flow showerheads and faucets and even replacing toilets with low flow
models and washing machines with front loading models that use less water, than to build a sewer
system and treatment plant. It may also require lifestyle changes such as spreading out laundry
washing over several days, giving up garbage disposals, turning off the shower while soaping,
and regular septic tank pumping. However, community-wide cooperation in water conservation
might be the only solution needed. Another possible onsite alternative is the use of individual
alternative systems such as aeration systems or sand filters.
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They are more expensive than conventional onsite systems, but may be less expensive than
central systems. There will be later discussions of ways to manage these systems as a group to
get the best performance and control costs.
Shared Facilities
It is possible that a small community is close enough to the existing wastewater treatment facility
of another town that it is less expensive to convey wastewater to that treatment plant than to build
a new one. If the existing plant is near capacity, they may not be able to accept additional
wastewater. However, if an expansion is possible, the town may be willing to accept the small
community’s wastewater, if the community is willing to pay all or part of the expansion costs.
Lagoons (Wastewater Stabilization Ponds) Introduction
Lagoons, also known as wastewater stabilization ponds, are open ponds where wastewater is
treated by bacteria using oxygen in air provided by wind motion, algae, and for community-sized
lagoons, usually mechanical aeration equipment. Alternative (Enhanced) Treatment Methods
Alternative treatment systems such as sand filters and aeration systems provide treatment for the
removal of organic material and some pathogens from the wastewater before discharge or
absorption. These units can be adapted and scaled to handle the full size range from singlehome onsite systems through municipal plants. We will cover this area in greater detail.
Flow Rates/Plant Sizing
Among the factors to be considered in selecting a method of treatment, are the flow rate (average
and minimum/maximum) and the strength (chemical composition/concentration) of the
wastewater. There are typical assumptions used in engineering calculations. However, small
communities may have special situations, such as the type of collection system that will require
making sure these assumptions are correct for that community.
If a community has businesses or industries that are large water users, or if it has an unusually
high number of businesses or industries for its size, detailed flow calculations should be made to
account for them. If the collection system has a conventional gravity sewer, a factor for infiltration
and inflow (I & I) must be added in. Infiltration is water that enters the collection system through
loose pipe connections, broken pipes or manholes.
It is usually highest after rain or snow melt. If the water table is high, it may be a continuous
problem. Inflow is water from sources such as foundation and roof drains, cooling water from air
conditioners, and drainage from outdoor paved areas that have been connected into the sewer
system.
Generally speaking, one requirement for new gravity sewer that is less than 24 inches in diameter
is a maximum infiltration of 250 gallons per day (gpd) per mile of pipe for each inch of pipe
diameter. (As an example, an 8 inch diameter pipe that is 2 miles long could have a maximum
infiltration rate of 8 inches x 250 gpd x 2 miles = 4,000 gpd.) Older sewers can have much higher
levels of infiltration. Inflow is possible with systems having septic tanks or grinder pumps, but it
would probably be more noticeable in terms of overload or failure. A pressure sewer, in order to
stay pressurized, must be constructed more tightly than a gravity sewer. Therefore, infiltration
should be minimal. However, past experience with alternative collection systems indicate that I
& I can still be an issue if the system is not constructed well. Sources of infiltration can include
septic tanks and pump chambers that are not watertight, loose connections on the pipe between
the house and the septic tank, and leaky manholes.
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If assumptions about reduced wastewater flow because of the use of pressure sewers are to be
valid, special attention during construction and maintenance must be paid to eliminating sources
of infiltration.
Strength of Wastewater
The strength of wastewater varies from home to home and with time of day. This is a challenge
for onsite systems that is dealt with by making conservative assumptions for typical wastewater
to be used in design. In a community situation, the wastewater streams combine and the
differences level out. However, the type of collection system influences the strength. As was
described above, a conventional gravity sewer will have an I & I component. A pressure sewer
will have to be tighter so the infiltration will be less.
A substantial portion of the organic load is removed by a septic tank, so the strength of wastewater
in a STEP (Septic Tank Effluent Pump) system would be lower than total household wastewater.
On the other hand, the effluent from a grinder pump system will contain all material from
household’s wastewater. Because it will have lower I & I, it will be stronger than the wastewater
from a gravity sewer. The design of a plant will need to be checked to be sure that it can handle
the organic load as well as the hydraulic load.
Septic Tank Abandonment
If a decision is made to replace or abandon septic tanks, the existing tanks must be cleaned and
properly abandoned, usually by breaking the bottom, and possibly the sides, and filling with
compacted soil or other inert material. Other inadequate or illegal systems such as cesspools
and “ratholes” must also be abandoned. In some circumstances, additional measures may be
required. The costs of this procedure must be included in the project costs.
Most onsite wastewater treatment systems are of the conventional type, consisting of a septic
tank and a subsurface wastewater infiltration system (SWIS). Site limitations and more stringent
performance requirements have led to significant improvements in the design of wastewater
treatment systems and how they are managed.
Over the past 20 years, the onsite wastewater treatment system (OWTS) industry has developed
many new treatment technologies that can achieve high performance levels on sites with size,
soil, ground water, and landscape limitations that might preclude installing conventional systems.
New technologies and improvements to existing technologies are based on defining the
performance requirements of the system, characterizing wastewater flow and pollutant loads,
evaluating site conditions, defining performance and design boundaries, and selecting a system
design that addresses these factors.
Performance requirements can be expressed as numeric criteria (e.g., pollutant concentration or
mass loading limits) or narrative criteria (e.g., no odors or visible sheen) and are based on the
assimilative capacity of regional ground water or surface waters, water quality objectives, and
public health goals.
Wastewater flow and pollutant content help define system design and size and can be estimated
by comparing the size and type of facility with measured effluent outputs from similar, existing
facilities.
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Site evaluations integrate detailed analyses of regional hydrology, geology, and water resources
with site specific characterization of soils, slopes, structures, property lines, and other site features
to further define system design requirements and determine the physical placement of system
components.
Most of the alternative treatment technologies applied today treat wastes after they exit the septic
tank; the tank retains settleable solids, grease, and oils and provides an environment for partial
digestion of settled organic wastes.
Post-tank treatment can include aerobic (with oxygen) or anaerobic (with no or low oxygen)
biological treatment in suspended or fixed-film reactors, physical/chemical treatment, soil
infiltration, fixed-media filtration, and/or disinfection. The application and sizing of treatment units
based on these technologies are defined by performance requirements, wastewater
characteristics, and site conditions.
Creating a Management Structure
The physical maintenance of decentralized onsite systems is not as difficult to establish as are
the legal and financial arrangements needed to ensure that maintenance is accomplished and
that homeowners pay their fair share of the costs in doing so. The policies and procedures that
must be put in place with cluster systems can be more complex than with municipal sewer
systems.
The establishment of a management entity for decentralized projects is necessary in order to
apply for federal, state, or other funding, minimize liability, establish service boundaries, and to
manage the administrative, financial, and operational activities for the services provided.
Acceptable management entities include counties, incorporated cities and towns, special
governmental units (countywide or area-wide regional sewer districts, conservancy districts, etc.),
public or private utilities, private corporations, and nonprofit organizations.
Each management entity has certain advantages and disadvantages and comes with its own set
of guidelines for formation and oversight by regulatory authorities. Community leaders that are
evaluating the use of decentralized cluster systems must decide which management entity would
be most beneficial for their project.
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Performance-Based Standards
Most state and local system design codes traditionally have been based on prescriptive
approaches that specify minimum site requirements, construction methods, and acceptable tank
types and other components. However, the move toward site-appropriate, risk-based system
design and the growing interest in clustered facilities has increased the need for performancebased design guidance.
Performance-based management approaches have been proposed as a substitute for
prescriptive requirements for system design, siting, and operation. Performance codes set
measurable outcomes that all treatment systems must achieve regardless of the technology used.
British Columbia, Canada has a fairly comprehensive performance code, and Arizona has a
hybridized code that allows a wide array of enhanced treatment methods for protecting
groundwater.
System Design Considerations
One of the more common reasons why some individual or cluster systems do not perform properly
is inappropriate system/technology selection. A wastewater system should be matched to the
volume and pollutant profile of wastewater, and the site, soil, and groundwater/surface water
conditions must be known in detail in order to develop an appropriate system design.
State and local wastewater system permitting programs are expanding the options available for
providing treatment services, especially for sites with limiting soil conditions and those with
threatened or impaired water resources nearby. Instituting a protocol to provide guidance and
oversight during the system design process can also help to address:
 Impacts of different pretreatment levels on the long-term hydraulic and pollutant removal
performance of the soil.
 Cumulative impacts of high-density system installations.
 Operation and maintenance requirements of different treatment and soil dispersal
technologies.
 Potential implications of water conservation fixtures.
The protocol should include a pre-design meeting between the permitting agency, the
management entity, the designer, and the owner of the property. All of these parties have a stake
in the performance of the system, and such a meeting can assist in identifying potential problems
and solutions. The protocol should be as complete as possible and should feature a rational,
defensible evaluation procedure for proposed designs and materials specifications. The protocol
should be dynamic and should be regularly reviewed and updated as new information and
experience is gained.
Management Considerations
All wastewater treatment systems require management. Management services can be provided
by an outside contractor or responsible management entity. In general, individual gravity flow
systems with septic tanks and subsurface drainfields require less management attention;
clustered facilities with collection system pumps, mechanized treatment units, and time or
demand-dosed infiltration areas require much more.
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Factors that influence system management include:









Operation in extreme conditions, such as very cold or wet climates.
Life of system components and access to repair parts.
Power reliability and backup power needs.
Maintenance needs, including frequency and complexity of service.
Availability of trained, reliable service providers.
System compatibility with the owner’s needs or lifestyle.
Aesthetics (visible system components, noise, odors, etc.).
Annual costs for operation, maintenance, and repair.

Permitting and Approval Process
State and local governments vary considerably in their approach to approving system types and
components and issuing installation and operation permits. Consultation with state and local
regulatory agencies is required in all cases to ensure that minimum requirements are met. In
general, a typical permit application procedure should include the following information:
 Consultation with the property owner regarding final design components.
 Detailed drawing for the site, including property lines, structures, easements,
topographical and drainage features, vegetation, etc.
 Detailed drawings of all system components.
 Site preparation requirements.
 Documentation of decisions made regarding system location and features.
 Total dynamic head pressure requirements, if applicable.
 Specifications for equipment and materials, based on calculations.
It is important that the application include system drawings, narratives, forms, calculations,
catalog cuts, photos, and other data, including detailed equipment and installation specifications
to make siting the system components easier. If the site has been developed, all structures,
utilities, and ingress and egress pathways should be identified. The source of potable water and
distribution lines should be identified as well. If there is an existing wastewater treatment system,
the condition of all components, including the reserve area, should be recorded and minimum
setbacks met.
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Alternate Disinfectants
Most OSSF’s will require some disinfectants or suggest disinfection for various
treatment processes.
Chloramine
Chloramine is a very weak disinfectant for Giardia and virus reduction; it is recommended that it
be used in conjunction with a stronger disinfectant. It is best utilized as a stable distribution system
disinfectant.
In the production of chloramines, the ammonia residuals in the finished water, when fed in excess
of stoichiometric amount needed, should be limited to inhibit growth of nitrifying bacteria.
Chlorine Dioxide
Chlorine dioxide may be used for taste and odor control, or as a pre-disinfectant. Total residual
oxidants (including chlorine dioxide and chlorite, but excluding chlorate) shall not exceed 0.30
mg/L during normal operation or 0.50 mg/L (including chlorine dioxide, chlorite and chlorate)
during periods of extreme variations in the raw water supply.
Chlorine dioxide provides good Giardia and virus protection but its use is limited by the restriction
on the maximum residual of 0.5 mg/L ClO2/chlorite/chlorate allowed in finished water. This limits
usable residuals of chlorine dioxide at the end of a process unit to less than 0.5 mg/L.
Where chlorine dioxide is approved for use as an oxidant, the preferred method of generation is
to entrain chlorine gas into a packed reaction chamber with a 25% aqueous solution of sodium
chlorite (NaClO2).
Warning: Dry sodium chlorite is explosive and can cause fires in feed equipment if leaking
solutions or spills are allowed to dry out.
Ozone
Ozone is a very effective disinfectant for both Giardia and viruses. Ozone CT (Contact Time)
values must be determined for the ozone basin alone; an accurate T10
value must be obtained for the contact chamber, residual levels
measured through the chamber and an average ozone residual
calculated.
Ozone does not provide a system residual and should be used as a
primary disinfectant only in conjunction with free and/or combined
chlorine.
Ozone does not produce chlorinated byproducts (such as trihalomethanes) but it may cause an
increase in such byproduct formation if it is fed ahead of free chlorine; ozone may also produce
its own oxygenated byproducts such as aldehydes, ketones, or carboxylic acids.
Any installed ozonation system must include adequate ozone leak detection alarm systems, and
an ozone off-gas destruction system. Ozone may also be used as an oxidant for removal of
taste and odor, or may be applied as a pre-disinfectant.
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Ozone
Ozone (O3) is probably the strongest oxidizing agent available for water treatment. Although it is
widely used throughout the world, it has not found much application in the United States. Ozone
is obtained by passing a flow of air or oxygen between two electrodes that are subjected to an
alternating current in the order of 10,000 to 20,000 volts.
3O2 + electrical discharge → 2O3
Liquid ozone is very unstable and can readily explode. As a result, it is not shipped and must be
manufactured on-site. Ozone is a light blue gas at room temperature. It has a self-policing
pungent odor similar to that sometimes noticed during and after heavy electrical storms. In use,
ozone breaks down into oxygen and nascent oxygen.
O3 → O2 + O
It is the nascent oxygen that produces the high oxidation and disinfections, and even sterilization.
Each water has its own ozone demand, in the order of 0.5 ppm to 5.0 ppm. Contact time,
temperature, and pH of the water are factors to be determined.
Ozone acts as a complete disinfectant. It is an excellent aid to the flocculation and coagulation
process, and will remove practically all color, taste, odor, iron, and manganese. It does not form
chloramines or THMs, and while it may destroy some THMs, it may produce others when followed
by chlorination. Ozone is not practical for complete removal of chlorine or chloramines, or of THM
and other inorganics. Further, because of the possibility of formation of other carcinogens (such
as aldehydes or phthalates) it falls into the same category as other disinfectants in that it can
produce DBPs.

LARGE PRODUCTION OZONE GENERATOR
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Ultraviolet Radiation
The enormous temperatures on the sun create ultraviolet (UV) rays in great amounts, and
this radiation is so powerful that all life on earth would be destroyed if these ray were not
scattered by the atmosphere and filtered out by the layers of ozone gas that float some 20
miles above the earth.
This radiation can be artificially produced by
sending strong electric currents through
various substances. A sun lamp, for
example, sends out UV rays that, when
properly controlled, result in a suntan. Of
course, too much UV will cause sunburn.
Open Channel UV Lamp
The UV lamp that can be used for the
disinfection of water depends upon the low-pressure mercury vapor lamp to produce the
ultraviolet energy. A mercury vapor lamp is one in which an electric arc is passed through
an inert gas. This in turn will vaporize the mercury contained in the lamp; and it is a result
of this vaporization that UV rays are produced.

Enclosed UV lamp assembly. Assemblies will often need frequent cleaning and bulb
replacements, there are facilities with 1,000’s of bulbs.
The lamp itself does not come into with contact water, the lamp is placed inside a quartz tube,
and the water is in contact with the outside of the quartz tube. Quartz is used in this case since
practically none of the UV rays are absorbed by the quartz, allowing all of the rays to reach the
water. Ordinary glass cannot be used since it will absorb the UV rays, leaving little for disinfection.
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The water flows around the quartz tube. The UV sterilizer will consist of a various number of lamps
and tubes, depending upon the quantity of water to be treated. As water enters the sterilizer, it is
given a tangential flow pattern so that the water spins over and around the quartz sleeves. In this
way the microorganisms spend maximum time and contact with the outside of the quartz tube
and the source of the UV rays.
The basic design flow of water of certain UV units is in the order of 2.0 gpm for each inch of the
lamp. Further, the units are designed so that the contact or retention time of the water in the unit
is not less than 15 seconds. Most manufacturers claim that the UV lamps have a life of about
7,500 hours, which is about 1 years’ time. The lamp must be replaced when it loses about 40%
to 50% of its UV output; in any installation this is determined by means of a photoelectric cell and
a meter that shows the output of the lamp. Each lamp is outfitted with its own photoelectric cell,
and with its own alarm that will be activated when the penetration drops to a present level.
Ultraviolet radiation is an excellent disinfectant that is highly effective against viruses, molds, and
yeasts; and it is safe to use. It adds no chemicals to the water, it leaves no residual, and it does
not form THMs. It is used to remove traces of ozone and chloramines from the finished water.
Alone, UV radiation will not remove precursors, but in combination with ozone, it is said to be
effective in the removal of THM precursors and THMs.
The germicidal effect of UV is thought to be associated with its absorption by various organic
components essential to the cell’s functioning. For effective use of ultraviolet, the water to be
disinfected must be clean, and free of any suspended solids. The water must also be colorless
and must be free of any colloids, iron, manganese, taste, and odor.
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These are conditions that must be met. Also, although a water may appear to be clear, such
substances as excesses of chlorides, bicarbonates, and sulfates affect absorption of the
ultraviolet ray.
These parameters will probably require at least filtration of one type or another. The UV
manufacturer will of course stipulate which pretreatment may be necessary.
Removal of Disinfection By-Products Chart
Disinfectant
Chlorine (HOCl)

Chloramines
(Chicly)
Chlorine dioxide
(ClO2)
Permanganate
(KMnO4)
Ozone (O3)
Ultraviolet (UV)

Disinfectant
By-product
Trihalomethane
(THM)

Disinfectant By-product
Removal
Granular Activated Carbon
(GAC), resins, controlled
coagulation, aeration.
GAC-UV
GAC
GAC

Chloramines
Chloroprene
Probably no
THM
Others?
Chlorites
Chlorates
No THMs

UV?
Use of Fe2+ in coagulation, RO,
ion-exchange

Aldehydes,
Carboxylics,
Phthalates
None known

GAC
GAC

The table indicates that most of the disinfectants will leave a by-product that is or would possibly
be inimical to health. This may aid with a decision as to whether or not precursors should be
removed before these disinfectants are added to water.
If it is decided that removal of precursors is needed, research to date indicates that this removal
can be attained through the application of controlled chlorination plus coagulation and filtration,
aeration, reverse osmosis, nanofiltration, GAC ( Granular Activated Charcoal) or combinations of
others processes.
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Summary
The lack of knowledge about alternative collection and treatment technologies has led to a high
degree of design conservatism among engineering consultants, sanitarians, and environmental
health specialists, the principal sources of professional advice available to local governments.
Training and education in design, installation and maintenance of onsite systems has been aimed
at environmental sanitarians and installation contractors, not at the local planning and government
officials and design engineering community who are primarily responsible for recommendations
regarding public sewer installations.
Until alternatives are evaluated, traditional, often
prohibitively expensive, wastewater systems will continue to be recommended, and will continue
to be too expensive to solve the problem.

Proper Maintenance
Proper maintenance can add years to an older system. Even well-designed and properly installed
septic systems can fail earlier than expected if previous homeowners did not perform routine
maintenance.
Try to determine how frequently the tank has been pumped from the realty agent or owner. Ask
to see maintenance records. Keep in mind the necessary pumping frequency depends on the size
of the household and the size of the tank. For example, a four-bedroom home with a 1,250 gallon
tank should be pumped approximately every 2.6 years. Modern conveniences such as garbage
disposals, hot tubs, or whirlpools will increase the necessary pumping frequency.
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Normal Operation and Usage
As the customers uses the septic system, sludge will accumulate in the tank. Properly designed
tanks have enough space for up to three years of safe accumulation. Once the sludge has
reached this level, the separation of solids and scum no longer takes place, and sewage may
overflow into the absorption/ leach field.
A common misconception is that the key component of a septic system is the septic tank. The
soil absorption system, or leach field, is where much of the treatment occurs.
After the septic tank has settled out solids, clarified wastewater is dispersed through perforated
pipes into the soil. Soil is the key to clean water. It acts as a physical strainer, chemical renovator
and biological recycler for the wastewater passing through it.
As wastewater goes through the leach field beneath and to the sides of the pipes, a black, jellylike mat (or biomat) forms. This thin layer of anaerobic organisms helps regulate the flow of
wastewater to the soil and preys on potentially pathogenic bacteria, viruses and parasites. It also
converts nutrients into a form that can be used by plants.
The biomat also is a common trouble-spot for clogging, as it has low permeability. Failing to pump
out your septic system or discharging too much wastewater down the drain can lead to a buildup
of organic material, which causes the biomat to grow too thick. This sludge flow into the leach
field can damage the operation of the septic system, and lead to costly repairs. This can be
prevented by periodically pumping the accumulated sludge.
Permit
Generally, a permit must be obtained before starting construction or repair work. However, certain
residential properties may be exempt from state permitting requirements. When authority is based
on a local ordinance, regulation can be more restrictive than the state standard; check with your
local authority.
In most counties, the local health department issues OWTS construction permits. In the other
counties the authority is another agency, such as a sewer district, building department, or planning
and zoning department.
Several factors should be considered when choosing the type of onsite system for a site including:
soil/site limitations, available space, operation and maintenance (O & M) requirements, initial
costs as well as O & M costs, landscape disturbance, and the owners' preferences and ability to
manage the system.
Of these considerations, often the most limiting is the soil resource or site and space limitations.
When the soil and site are suited to a lagoon or to a septic tank and conventional soil absorption
system, any registered OWTS installer can assist with the permitting and can install a basic onsite
system.
When site limitations or other factors lead to an advanced OWTS, the installer must be registered
as an advanced OWTS installer.
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Post Quiz
Soil Treatment Processes
1. The soil treatment and ____________ provides for the final treatment and dispersal of septic
tank effluent.
Biomat
2. In unsaturated soil under a biomat, ______________is restricted.
Sewage Treatment Utilizing Soil
3. A developed biomat reaches ______________ over time, remaining at about the same
thickness and the same permeability if effluent quality is maintained.
Site Evaluations
4. Site evaluations are a key driver of treatment system design. The success of any soildischarging wastewater treatment system depends on the appropriate match
between_______________, the treatment system design, and the site that receives effluent from
the system.
Assure System Performance
5. Wastewater systems depend on the soil for 1) final treatment of effluent from the tank or unit
process components, and 2)__________________.
Improving OSSF Treatment through Performance Requirements
6. Most onsite wastewater treatment systems are of the conventional type, consisting of a septic
tank and a________________.
Performance-Based Standards
7. The move toward site-appropriate, risk-based system design and the growing interest in
______________has increased the need for performance-based design guidance.

8. ______________ approaches have been proposed as a substitute for prescriptive
requirements for system design, siting, and operation.
System Design Considerations
9. One of the more common reasons why some individual or cluster systems do not perform
properly is inappropriate _____________ selection.
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Management Considerations
10. All ________________systems require management. Management services can be provided
by an outside contractor or responsible management entity.
11. Factors that influence system management include: ________________, such as very cold
or wet climates.
12. Maintenance needs, including frequency and ____________________.
Permitting and Approval Process
13. The source of potable water and distribution lines should be identified as well. If there is an
existing wastewater treatment system, the condition of all components, including the reserve area,
should be recorded and__________________.
Summary
OSSF Maintenance
14. ______________ can add years to an older system. Even well-designed and properly
installed septic systems can fail earlier than expected if previous homeowners did not perform
routine maintenance.
15. Try to determine how frequently the tank has been pumped from the realty agent or owner.
Ask to see maintenance records. Keep in mind the necessary pumping frequency depends on
the size of the household and the size of the _____________.
16. For example, a four-bedroom home with a 1,250 gallon tank should be pumped approximately
every 2.6 years. Modern conveniences such as garbage disposals, hot tubs, or whirlpools will
increase the necessary pumping frequency.

Answers
1. Dispersal zone, 2. Water movement, 3. Equilibrium, 4. Wastewater flow/strength, 5. Dispersal of the
effluent to the soil, 6. Subsurface wastewater infiltration system (SWIS), 7. Clustered facilities,
8. Performance-based management, 9. System/technology, 10. Wastewater treatment, 11. Operation in
extreme conditions, 12. Complexity of service, 13. Minimum setbacks met, 14. Proper maintenance, 15.
Tank, 16. 2.6
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Chapter 3- SUBSURFACE WASTEWATER INFILTRATION
CONSTRUCTION SECTION
Section Focus: You will learn about the basics of the decentralized or onsite wastewater
treatment facility and its operational requirements. At the end of this section, you the student will
be able to describe the basics of the subsurface wastewater collection and infiltration system.
There is a post quiz at the end of this section to review your comprehension and a final
examination in the Assignment for your contact hours.
Scope/Background: Onsite sewage treatment system installers/operators install septic systems
in compliance with all state and federal requirements and permits to ensure that untreated
wastewater will not contaminate the environment or pollute waterways.

Appropriate wastewater treatment system construction and/or installation practices are critical to
the performance of individual and clustered systems. Construction activities can affect short-term
and long-term system performance by failing to adhere to material specifications, neglecting
proper pipe slope requirements, inadvertently switching tank inlet/outlet orientation, or failing to
protect infiltration area soils from equipment compaction.
Infiltration area protection, a key component of good system installation practice, should be
carefully considered during site preparation, construction equipment selection and use, and
before and during construction.
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The development of a final design plan that includes drawings, narratives, forms, calculations,
photos, and other data, including detailed equipment and installation specifications, will help
ensure a successful outcome. This information must be assembled into a cohesive document to
allow the proper installation of the design without the need for any assumptions.
Onsite wastewater treatment systems (OWTSs) have evolved from the pit privies used widely
throughout history to installations capable of producing a disinfected effluent that is fit for human
consumption. Although achieving such a level of effluent quality is seldom necessary, the ability
of onsite systems to remove settleable solids, floatable grease and scum, nutrients, and
pathogens from wastewater discharges defines their importance in protecting human health and
environmental resources. In the modern era, the typical onsite system has consisted primarily of
a septic tank and a soil absorption field, also known as a subsurface wastewater infiltration
system, or SWIS. In this manual, such systems are referred to as conventional systems.
Septic tanks remove most settleable and floatable material and function as an anaerobic
bioreactor that promotes partial digestion of retained organic matter. Septic tank effluent, which
contains significant concentrations of pathogens and nutrients, has traditionally been discharged
to soil, sand, or other media absorption fields (SWISs) for further treatment through biological
processes, adsorption, filtration, and infiltration into underlying soils.
Conventional systems work well if they are installed in areas with appropriate soils and hydraulic
capacities; designed to treat the incoming waste load to meet public health, ground water, and
surface water performance standards; installed properly; and maintained to ensure long-term
performance.
Background and Use of Onsite Wastewater Treatment Systems
These criteria, however, are often not met. Only about one-third of the land area in the United
States has soils suited for conventional subsurface soil absorption fields.
System densities in some areas exceed the capacity of even suitable soils to assimilate
wastewater flows and retain and transform their contaminants. In addition, many systems are
located too close to ground water or surface waters and others, particularly in rural areas with
newly installed public water lines, are not designed to handle increasing wastewater flows.
Conventional onsite system installations might not be adequate for minimizing nitrate
contamination of ground water, removing phosphorus compounds, and attenuating pathogenic
organisms (e.g., bacteria, viruses).
Nitrates that leach into ground water used as a drinking water source can cause
methemoglobinemia, or blue baby syndrome, and other health problems for pregnant women.
Nitrates and phosphorus discharged into surface waters directly or through subsurface flows can
spur algal growth and lead to eutrophication and low dissolved oxygen in lakes, rivers, and coastal
areas.
In addition, pathogens reaching ground water or surface waters can cause human disease
through direct consumption, recreational contact, or ingestion of contaminated shellfish. Sewage
might also affect public health as it backs up into residences or commercial establishments
because of OWTS failure.
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Characteristics of Typical SWIS Applications Table

Characteristic
Type of wastewater

Daily flow

Minimum pretreatment
Lot orientation

Landscape position
Topography
Soil texture
Soil structure
Drainage
Depth to ground water
or bedrock
a
Avoid when possible.

Applications to avoida
Facilities with non-sanitary
and/or industrial
wastewaters.
Check local codes for other
possible restrictions
<20 population equivalents
>20 population equivalents
unless a management entity without a management
exists
program.
Check local codes for
specific or special conditions
(e.g., USEPA or state
Underground Injection
Control Program Class V
rule)
Septic tank, imhoff tank
Discharge of raw wastewater
to SWIS
Loading along contour(s)
Any site where hydraulic
must not exceed the
loads from the system will
allowable contour loading
exceed allowable contour
rate
loading rates
Ridge lines, hilltops,
Depressions, foot slopes
shoulder/side slopes
concave slopes, floodplains
Planar, mildly undulating
Complex slopes of >30%
slopes of £ 20% grade
Sands to clay loams
Very fine sands, heavy clays,
expandable clays
Granular, blocky
Platy, prismatic, or massive
soils
Moderately drained or well
Extremely well, somewhat
drained sites
poor, or very poorly drained
sites
>5 feet
<2 feet. Check local codes
for specific requirements
Typical application
Domestic and commercial
(residential, mobile home
parks, campgrounds,
schools, restaurants, etc.)

Source: Adapted from WEF, 1990.
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CONVENTIONAL HOMEOWNER SEPTIC SYSTEM

160
TLC OSSF ©1/1/2021

(866) 557-1746

Septic Site Preparation and Excavation Practices
Overhead power lines, steep slopes, and excavations at the installation site can all present serious
safety hazards. A brief preconstruction meeting can ensure that safety hazards and practices to
eliminate, minimize, or respond to them are identified.
Site preparation requires a number of activities including clearing and surface preparation for filling.
Use of lightweight tracked equipment will minimize soil compaction. Soil moisture should be
determined to ensure that it is dry, and care should be taken to avoid soil disturbance as much as
possible. To avoid potential soil damage during construction, the soil below the proposed infiltration
surface elevation must be below its plastic limit during construction (i.e., it must lack the moisture
required to make it moldable into stable shapes). This should be tested before excavation begins.
Site excavation is conducted only when the infiltration surface can be covered the same day to avoid
loss of soil permeability from wind-blown silt or raindrop impact. Another solution is to use lightweight gravel-less systems, which reduce the damage and speed the construction process. Site
access points and areas for traffic lanes, material stockpiling, and equipment parking should be
designated on the drawings for the contractor.
Heavy equipment should be diverted from the absorption field to avoid compaction and damage to
the area. Flagging off the infiltration area as early as possible is critical to ensure long-term function
of the system.
Clearing should be limited to mowing and raking with minimal disturbance to the surface. If trees are
cut, they should be removed without heavy machinery, and, if necessary, stumps ground out.
Grubbing of the site (mechanically raking away roots) should be avoided. If the site is to be filled, the
surface should be moldboard- or chisel-plowed parallel to the contour (usually to a depth of seven
to ten inches) when the soil is sufficiently dry to ensure maximum vertical permeability. The organic
layer should not be removed.
Scarifying the surface with the teeth of a backhoe bucket is not sufficient. All efforts should be made
to avoid any disturbance to the exposed infiltration surface.
Field Construction Practices
Changes in construction practices over the past 25 years have led to improvements in the
performance of individual wastewater systems. For example, construction materials used in
plumbing, wastewater lines, and lateral fields should meet American Society for Testing and
Materials standards. Avoid work during wet conditions.
Smeared soil surfaces in infiltration trenches should be scarified and the surface gently raked prior
to installing the gravel or gravel-less piping/chambers. If gravel or crushed rock is to be used for the
system medium, the rock should be placed in the trench by using the backhoe bucket to long-term
system performance. If soil compaction occurs during drainfield installation, it might be possible to
restore the area, but only by removing the compacted layer.
It might be necessary to remove as much as four inches of soil to regain the natural soil porosity and
permeability (Tyler et al., 1985). Consequences of the removal of this amount of soil over the entire
infiltration surface can be significant. It will reduce the separation distance to the restrictive horizon
and could place the infiltration surface in an unacceptable soil horizon.
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For gravel filled trenches, the trench bottom should be left rough and covered with six inches of clean
(i.e., no fines) rock. Distribution pipes should be carefully placed over the rock, leveled, and bedded
in on the sides.
After the rock and pipes have been placed in the trench, the filter fabric should be placed over the
top of the rock to prevent soil from moving into the rock. The soil backfill should be carefully crowned
to fill the trench cavity at a height to allow for settling. Before leaving the site, the area around the
site should be graded to divert surface runoff from the area. All soil depressions over the system
should be eliminated, and the area should be seeded and mulched. Post construction activities
include accurate documentation of all of the system components and the system location. Flag off
the infiltration area to keep construction and other traffic away.
Construction Practice and Examples
The BMPs provide guidance on siting a system and regulations that apply to system design and
installation.
Charlestown, Rhode Island, subdivision regulations and zoning ordinances establish special
standards for wastewater system siting and installation, including policies for the protection of
sensitive resources. The required environmental analysis within the subdivision regulations
incorporates the consideration of effluent dispersal into the soil and factors related to dispersal sites,
such as soil type, slopes, and proximity to waterbodies and wetlands.
The Kansas Department of Health has developed a comprehensive bulletin that specifies minimum
standards for the design and construction of individual soil-discharging wastewater systems
New Hampshire created an “Onsite Wastewater Disposal Installation Manual” in 2002. Its purpose
is to help both new and experienced system installers and excavators by providing needed and
helpful information to properly site and install a state-approved system design. Topics covered in the
manual include Installing Systems Consistent with Designer’s Plans, Understanding Designer’s
Intent, Estimating Construction Costs, and Assuring Proper Site Layout. All installers must be
permitted in New Hampshire, and the manual provides useful information to prepare for the installer’s
exam, a necessary step to qualify for an installer’s license.
Management Considerations
All onsite management programs should carefully consider construction and installation elements to
ensure the proper operation of onsite systems. These programs should include permits, inspections,
and installer training requirements.
Construction/Installation Programs Basic Approach
Construction permit based on code-compliant site evaluations and system design.
 Installation by trained or certified installers.
 Inspection of systems prior to backfilling to confirm that installation complies with design.
Intermediate Approach
Pre-construction meeting at site with owner and installer to review construction/installation issues.
 Certification/licensing requirements for installers.
 Construction oversight for all critical steps (e.g., field verification and staking of system
components, inspections after backfilling, and installation completion).
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Advanced Approach
Supplemental training for installers for difficult sites and advanced technologies.
 Verification and database entry of as-built drawings and other installation information
before construction can begin. After determining that the facility design will conform to the
general permit requirements, DEQ issues a construction authorization, giving the applicant
two years to build the system before the construction authorization expires.

Inspection Qualification
Installation inspections should be conducted by trained and certified personnel at several stages
during the system construction and installation process, if possible. Most state and local wastewater
programs require inspector training and certification to maintain a high and consistent level of
program performance.
The National Sanitation Foundation (NSF) developed a rigorous NSF Inspector Accreditation
Program to test an applicant's knowledge on topics ranging from sewage treatment system design
and operation to inspection procedures, safety, and basic tank capacity and other calculations. The
National Association for Waste Transporters (NAWT) launched a similar but scaled-down NAWT
National Inspector Certification. NAWT maintains a National Directory of Certified Inspectors.
During the construction process, inspections before and after backfilling can help verify compliance
with approved construction procedures. If there are insufficient management program resources to
conduct these inspections, an approved, independent design professional could be required to
oversee installation and certify that it has been conducted and recorded properly. The construction
process for soil-discharging systems must be flexible to accommodate weather events, since
construction during wet weather may compact soils at the infiltrative surface or otherwise alter soil
structure and should be avoided.
Commonly, the local health department will provide a field inspection prior to backfilling the system,
after which an occupancy permit is issued. For example, for some counties/States an authorization
to construct must be granted by the permitting authority before building can begin. This authorization
includes specific instructions on the number and schedule of inspections and at what stages of
construction the inspections are required.
Inspections State and Local Examples
Some counties/States requires a system "pre-cover-up" inspection unless waived by the county
wastewater management agent. Some enhanced systems, such as sand filter systems, require
inspections at various stages of construction, and these inspection requirements are specified in the
permit. To initiate the pre-cover-up inspection, the installer must complete the As-Built Drawing and
Materials List form and submit then to the county. This form must be signed by the installer certifying
that it was installed according to specifications.
Some counties/States requires that the designer of county-approved, enhanced systems also be
responsible for the system installation inspection to assure conformance with approved plans.
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The construction inspection by the designer is in addition to the standard county inspection.
The responsible management entity (RME) for Shannon City, Iowa, provides oversight throughout
the construction process either with their own trained and certified personnel or through the USDA
Rural Development staff. Final pre-cover inspection and permitting is performed by the Union County
Sanitarian.
Installer Training and Certification
Several states require certification of individuals who install individual and clustered wastewater
systems. However, certification requirements vary significantly across the country, with some
requiring extensive training and others simply mandating registration.
National Onsite Wastewater Recycling Association (NOWRA) recommends that all wastewater
system service providers, including installers, be certified. The NOWRA Installer Academy provides
skill and technical knowledge training for system technicians.
The National Environmental Health Association, through a cooperative agreement with EPA, has
worked with various groups to develop a national credential to certify installers of individual
wastewater treatment systems. The credential covers all forms of installation and is offered at both
a basic and advanced levels.
The credential is designed to test the knowledge, skills, and abilities needed for the successful
installation of a wastewater treatment system. State and local codes are not covered through this
national credential, and it is meant to enhance, not replace, a state or local regulatory program. The
Consortium of Institutes for Decentralized Wastewater Treatment has also created a series of
training modules that include installation/construction for use in training centers.
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Construction Phases
Construction/installation management of a wastewater system can be divided into the following
four basic phases:
1. Preparation Phase
 Conduct a pre-construction conference at the site to identify site component locations,
verify setbacks and other site conditions, check surface elevations, and identify potential
problems or safety concerns (e.g., overhead electric lines).
 Assess changes in conditions (e.g., soils, topography, vegetation) that may have occurred
since design work was completed.
 If work will be delayed, flag off or otherwise protect the infiltration area.
 Modify design components or layout, if appropriate.
2. Project Execution
 Verify designed treatment system components and materials, such as tank type, size, and
material; piping; and gravel (if used) that is free of fines.
 Excavate areas for conveyance piping, the tank(s), secondary treatment units, and
infiltration or soil dispersal components according to designated depths and required pipe
slopes.
 Use caution to avoid contact with power lines and excavation cave-ins!
 For gravity flow systems, all elevations are tied to the building sewer line elevation. Ensure
that the proper fall is available from the building to the tank, then to the distribution box(es),
and to the infiltration area.
 Ensure that the tank is on solid tamped ground, installed level and at the proper elevation,
and that inlet/outlet orientation is correct. Secure tank covers after hours to prevent
accidents. Backfill tanks as soon as possible.
 Follow manufacturer’s recommendations for installing tanks. Plastic and fiberglass tanks
usually require special installation techniques (e.g., anchoring, backfilling with sand,
tamping backfill in lifts, filling tank with water as its backfilled, etc.)
 Use proper primer and glue for plastic piping. Attach electric lines and control wiring in
accordance with design plans as appropriate.
 Ensure that pumps are plumbed, wired, and installed to allow easy inspection, access,
and removal (e.g., use quick-connect union and backflow prevention valve between pump
and uphill dispersal piping).
 Ensure that trench bottoms for gravity flow pipes are tamped and stable and free of rocks
and roots, and that backfilled areas around pipes are tamped to prevent dips and rises
that could impede flow.
 Ensure that distribution pipe effluent dispersal holes go on the bottom.
 Extend inlet and outlet piping stubs below tank access ports, but do not block ports to
ensure access for pumping and inspection. Use rubber boots or grout to completely seal
around pipes and risers.
 Install access port risers to the surface, install outlet filters/screens, and complete
installation of pumps, wiring, control panels, and other components.
 Install cleanouts and inspection ports in key locations (near building sewer, D-box, etc.);
this aids in operation/maintenance later on.
 Conduct functional test of the system after installation, checking flows, pump discharge (if
used), operation of float switches (if used), and controls.
 Verify designed component finished conditions (e.g., tank type/capacity, riser covers,
elevations, location of key components, drainage, landscaping)
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3. Final Inspection
Observe system components prior to cover-up; determine consistency between design and actual
installation; report inconsistencies
4. Post Construction
 Prepare a scaled and dimensioned as-built drawing.
 Record the materials and equipment used to meet the specifications that were established
in the design.
 Verify that any changes during construction are consistent with the design intent and are
of similar or equivalent specification.
 Record operating parameters for pumps, electronic controllers, hydraulic controllers, and
other devices.

Soil Permeability" refers to the ability of a soil to transmit water or air.
Soil with Rapid or Very Rapid Permeability means:
(a) Soil that contains 35 percent or more of coarse fragments 2 millimeters in diameter or larger
by volume with interstitial soil of sandy loam texture or coarser;
(b) Coarse textured soil defined as loamy sand or sand in this rule; or
(c) Stones, cobbles, gravel, and rock fragments with too little soil material to fill interstices larger
than 1 millimeter in diameter.

166
TLC OSSF ©1/1/2021

(866) 557-1746

Soil Investigation Parameters Sub-Section

Soil Profile
A soil profile evaluation typically includes an analysis of soil texture, color, structure, consistence,
and layers within the area of the proposed dispersal field. Soil borings and pits are used to assess
soil properties and identify any limiting or restrictive conditions such as rock layers, poor drainage,
high water table, or saturated conditions. An ideal soil profile for a dispersal field is at least four
feet of well-drained, aerated soil above any limiting conditions such as bedrock, hardpan, or a
water table.
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Soil Texture Information
Soil Texture" means the amount of each soil separate in a soil mixture. Field methods for judging
the texture of a soil consist of forming a cast of soil, both dry and moist, in the hand and pressing
a ball of moist soil between thumb and finger.
(a) The major textural classifications are defined as follows and shown in Table 6 [Note: All tables
are found in OAR 340-071-0800.]:
(A) Sand: Individual grains can be seen and felt readily. Squeezed in the hand when dry, this soil
will fall apart when the pressure is released. Squeezed when moist, it will form a cast that will hold
its shape when the pressure is released but will crumble when touched.
(B) Loamy Sand: Consists primarily of sand, but has enough silt and clay to make it somewhat
cohesive. The individual sand grains can readily be seen and felt. Squeezed when dry, the soil
will form a cast that will readily fall apart, but if squeezed when moist, a cast can be formed that
will withstand careful handling without breaking.
(C) Sandy Loam: Consists largely of sand, but has enough silt and clay present to give it a small
amount of stability. Individual sand grains can be readily seen and felt. Squeezed in the hand
when dry, this soil will readily fall apart when the pressure is released. Squeezed when moist, it
forms a cast that will not only hold its shape when the pressure is released but will withstand
careful handling without breaking. The stability of the moist cast differentiates this soil from sand.
(D) Loam: Consists of an even mixture of the different sizes of sand and of silt and clay. It is easily
crumbled when dry and has a slightly gritty, yet fairly smooth feel. It is slightly plastic. Squeezed
in the hand when dry, it will form a cast that will withstand careful handling. The cast formed of
moist soil can be handled freely without breaking.
(E) Silt Loam: Consists of a moderate amount of fine grades of sand, a small amount of clay, and
a large quantity of silt particles. Lumps in a dry, undisturbed state appear quite cloddy, but they
can be pulverized readily; the soil then feels soft and floury. When wet, silt loam runs together in
puddles. Either dry or moist, casts can be handled freely without breaking. When a ball of moist
soil is passing between thumb and finger, it will not press out into a smooth, unbroken ribbon but
will have a broken appearance.
(F) Clay Loam: Consists of an even mixture of sand, silt, and clay that breaks into clods or lumps
when dry. When a ball of moist soil is pressed between the thumb and finger, it will form a thin
ribbon that will readily break, barely sustaining its own weight. The moist soil is plastic and will
form a cast that will withstand considerable handling.
(G) Silty Clay Loam: Consists of a moderate amount of clay, a large amount of silt, and a small
amount of sand. It breaks into moderately hard clods or lumps when dry. When moist, a thin
ribbon or 1/8-inch wire can be formed between thumb and finger that will sustain its weight and
will withstand gentle movement.
(H) Silty Clay: Consists of even amounts of silt and clay and very small amounts of sand. It breaks
into hard clods or lumps when dry. When moist, a thin ribbon or 1/8 inch or smaller wire formed
between thumb and finger will withstand considerable movement and deformation.
(I) Clay: Consists of large amounts of clay and moderate to small amounts of sand and silt. It
breaks into very hard clods or lumps when dry. When moist, a thin, long ribbon or 1/16-inch wire
can be molded with ease. Fingerprints will show on the soil, and a dull to bright polish is made on
the soil by a shovel.
(b) Soil textural characteristics described in the United States Department of Agriculture Textural
Classification Chart are incorporated here by reference. This textural classification chart is based
on the Standard Pipette Analysis as defined in the United States Department of Agriculture, Soil
Conservation Service Soil Survey Investigations Report No. 1.
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Sampling Soils Sub-Section

Percolation Tests
Local health departments have long used percolation or “perc” tests, to determine the loading rate
and size of the soil dispersal area, despite some significant shortcomings.
A percolation test consists of digging one or more holes in the soil of the proposed dispersal field
to a specified depth, presoaking the holes by maintaining a high water level in the holes, then
completing the test by filling the holes to a specific level and timing and measuring the water level
drop as the water percolates into the surrounding soil. There are various empirical formulae for
determining the required size of a drainfield based on the size of facility, the percolation test
results, and other parameters.
Many states and communities have written this test into their onsite ordinances, statutes, or
building codes. Maryland and a number of other states also require the use of percolation tests
and site evaluations for repairs to existing septic systems that are malfunctioning.
A percolation test, however, has limitations. The test does not reveal limiting conditions in the soil
profile and can provide false readings during dry conditions, leading to an inappropriately high
loading rate.
States and communities once relied solely on these tests to determine effluent application rates.
However, the limitations of the test have caused many state and local agencies to either eliminate
this test altogether or to require additional tests that must be conducted during a site evaluation
to determine limiting site conditions and to estimate allowable hydraulic loading rates.
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Site Evaluation Reports
Site evaluation reports provide essential information for treatment system selection, design,
sizing, and siting. Many states and communities, such as Harris County, Texas, have developed
forms to assist in the collection of site evaluation data. North Carolina’s soil evaluation form details
soil morphology and other soil profile factors. In Oregon, a site evaluation application form must
include a tax lot map, a detailed drawing of the proposed development, and directions to the
property. Oregon’s requirement for soil test pits are provided with the site evaluation information
packet and is used by the regulatory agency to generate a site evaluation report that typically
specifies the approved area, the type and size of the system required, and any other
requirements.
Some communities have created their own databases to assist in the site evaluation process.
Fairfax County, Virginia, mapped its soils and uses its database to verify site evaluation
assessments of new proposed systems. If the soil evaluation data is consistent with the county’s
database and the proposed design meets requirements, a construction permit is granted. If the
site evaluation is inconsistent with the soil information collected by the county, further investigation
will be required from the applicant.
The Georgetown Divide Public Utility District in California has conducted detailed site evaluations
for 965 lots using 4,000 test hole samples examined by a soil scientist. Every lot had a designated
home site for a three-bedroom home, an effluent dispersal site, a replacement area, and a
specified system type. In addition to using this information for designing wastewater treatment
systems, the information is used to show trends and other factors that could impact system
design.
The Wastewater Information System Tool (TWIST) prepared by EPA provides a typical listing of
data collected during the site evaluation process. EPA developed TWIST as a comprehensive
inventory and management information system via a Microsoft Access format. TWIST
accommodates a wide variety of queries, list reports, and mapping applications. The system
software and training/user information are available from the EPA Decentralized Wastewater
Management Web site for free download.
Site Limitations and Special Considerations
In some cases, soil profile or other limitations create challenges for individual and clustered
wastewater treatment. Most of these limitations are natural or induced restrictions to soil water
and air movement, which limit the depth and duration of unsaturated soil conditions. Identifying
these limiting conditions is a critical step in the site evaluation process. Some of the major
limitations of concern are:
 High water tables, with saturated soil conditions present near the soil surface.
 Restricted soil depth above dense, slowly permeable substratum materials, including
unfractured bedrock and dense glacial till.
 Restricted soil depth above dense, slowly permeable subsurface soil layers, including
fragipans, compacted soil, and heavy clay materials.
 Other layers with inadequate permeability.
 Poor drainage conditions or flooding.
 Excessively steep slopes.
 Presence of excessive amounts of rock in the soil.
 Fractured bedrock at shallow depths.
 Sandy soils with excessive permeability.
 Sand and gravel layers below finer textured soil materials.
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If a site does not demonstrate acceptable permeability or has other limiting factors that preclude
the use of conventional treatment systems, some states and communities will allow the landowner
to consult with an engineer to design an alternative or advanced system that can overcome a
site’s restrictive soil and site limitations.
Fixed Film and Suspended Growth Advanced Treatment Systems
Fixed film and suspended growth advanced treatment systems provide an effluent of higher
quality than conventional septic tank discharges. Higher levels of treatment allow marginal soils
to more easily absorb and treat wastewater. However, these systems require more attention to
design requirements, material selection, and construction detail.
Regular operation and maintenance attention for these systems is critical to maintaining
performance and ensuring system operation over the long term. The site evaluator needs to
understand and analyze all of these critical factors when recommending an alternative or
advanced treatment system.
Several additional site evaluation factors may also need to be considered when planning large
wastewater treatment systems or clustered facilities. EPA defines a large capacity septic system
as a system that has the capacity to serve 20 or more people per day. Clustered wastewater
systems, as discussed in the Cluster Wastewater Systems Planning Handbook, can serve a small
to large number of connections (two to hundreds of structures).
Smaller cluster systems serving a few structures can be gravity flow facilities that resemble
individual systems, while larger cluster systems serving hundreds of structures are often highly
mechanized with extensive collection piping, and tend to resemble centralized systems. Regular,
permanent operation and maintenance of these systems is required by regulatory authorities.
As with conventional systems, sites proposed for soil-discharging cluster systems must be
evaluated for water table elevations, shallow aquifers, land slope, soil texture, and permeability.
There are also a number of other factors that can have a long-term impact on the operation and
use of a large system.
For example, road and sewer development needs to be coordinated with system siting and
construction. The location of the sewage treatment site needs to fit with the overall physical plan
of the development. Areas reserved for future development need to be clearly identified, and the
proposed wastewater treatment needs to fit with existing plans for open space and buffers around
a development.
Soil Absorption Systems
In large cluster or soil absorption systems where increased quantities of wastewater will be
dispersed, other factors must also be evaluated, such as the potential for groundwater mounding.
These systems may experience artificial groundwater mounding under the drainfield due to the
large wastewater contribution, restrictive soil layers, and other hydrogeologic conditions. Both the
Hantush Method and MODFLOW are acceptable groundwater flow models that can be used to
characterize more complicated sites.
Methodologies to evaluate site conditions and system design influences on the potential for
groundwater mounding and lateral spreading can also be found in Guidance for Evaluation of
Potential Groundwater Mounding Associated with Cluster and High-Density Wastewater Soil
Absorption Systems.
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Some states specify additional evaluations based on the risk posed. For example, the Idaho
Department of Environmental Quality requires nutrient and pathogen evaluations for all large soil
absorption systems (defined as systems with wastewater generation rates exceeding 2,500
gallons per day) located in nitrate priority areas or in areas of “sensitive resource” aquifers (e.g.
the Spokane Valley-Rathdrum Prairie aquifer).
The nutrient/pathogen evaluation refers to a set of activities that includes the compilation of
existing information, collection of site-specific information, and the completion of predictive
contaminant fate and transport modeling for groundwater.
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System Design Standards and Practices Sub-Section

Effluent flows directly from your household plumbing into a watertight, underground, two
compartment septic tank. Solid waste settles into a sludge layer on the bottom and fats float to
the top of the first compartment. Between these two scum layers is a zone of clarified liquid
effluent which is internally piped to the second compartment of the septic tank for additional
settling.
As incoming sewage from the house fills first compartment, clarified liquids are forced to leave
the second chamber of the septic tank and flow out to the leach field or leach pit. The typical leach
field is a series of chambers or rock filled trenches where effluent is further treated as it slowly
percolates through the soil.
A leach pit is a deeper, larger hole filled with rock for disposing of wastewater in a smaller footprint.
Not as effective treatment as a larger leach field, where sewage percolates slowly over a larger
area, leach pits are an alternative for smaller properties only where high seasonal ground water
is not present. Greywater from washing machine, sinks and showers contains soaps designed to
kill bacteria (clean and disinfect things) and thus discourage optimal septic tank function.
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You want to encourage helpful good bacteria (digesting anaerobic cultures) to grow in your
customer’s septic tank and organically treat the waste, not kill helpful bacteria with detergent laden
graywater. If allowed by local building department, it is best practice to divert household
greywater to a separate leaching area.
Nearly all states and some local governments have regulatory or guidance documents detailing
acceptable design approaches for individual and clustered wastewater treatment systems. For
example, Minimum Standards for the Design and Construction of Wastewater Systems, lists the
following five elements of septic tank–lateral field system design:






Wastewater flow
Soil and site evaluation
Septic tank standards for design, construction, and installation
Lateral field design and construction
System maintenance

Septic System Design: The Basics
Site Evaluation: There are two considerations to "perc test" or site evaluation: 1) the soil type
and 2) projected sewage usage. To determine your projected sewer usage, please check with
your local health department or regulator agency. Please note: the site evaluation is done with a
backhoe.
Soil Classification: Soil classification is determined by the US Department of Agriculture Soil
Conservation Classification System. The importance of soil classification should not be
underestimated. If the soil is inaccurately classified, it could cause unnecessary delays and
expense. Please consult with a soil expert before proceeding with your septic system design
project. We will cover this area later in the course.
Designing a Septic System: Hire a septic system design engineer to design a septic system
based on your house or building's plan; this will help to ensure that the septic system design
meets all local regulations.
Department of Health Evaluation: In most states, the Department of Health is the agency that
regulates septic systems. This agency also reviews and approves and/or denies septic system
design plans. The engineer that designed your septic system will have to not only submit the
designs, but also the soil classification results and the "perc test" or site evaluation in order for
the plans to be considered for approval.
Approval: Congratulations! Your septic system design has been approved. If you followed the
proper septic system design procedures, you should hear those words. If approved, the septic
system engineer should give you a copy of the approved designs. Now you have a basic
understanding of the process for designing a septic system.
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Perc Condition Terms Associated with Saturation
Conditions Associated with Saturation: Means soil morphological properties that may indicate
the presence of a water table that persists long enough to impair system function and create a
potential health hazard. These conditions include depleted matrix chromas caused by saturation
and not a relict or parent material feature, and the following:
High Chroma Matrix with Iron Depletions: Soil horizons whose matrix chroma is 3 or more in
which there are some visible iron depletions having a value 4 or more and a chroma of 2 or less.
Iron-manganese concentrations as soft masses or pore linings may be present but are not
diagnostic of conditions associated with saturation.
Depleted Matrix with Iron Concentrations: Soil horizons whose matrix color has a value of 4 or
more and a chroma of 2 or less as a result of removal of iron and manganese oxides. Some visible
zones of iron concentration are present as soft masses or pore linings.
Depleted Matrix without Iron Concentrations: Soil horizons whose color is more or less uniform
with a value of 4 or more and a chroma of 2 or less as a result of removing iron and manganese
oxides. These horizons lack visible iron concentrations as soft masses or pore linings.
Reduced Matrix: Soil horizons whose color has a value of 4 or more and a chroma of 2 or less
with hues that are often, but not exclusively, on the grey pages of the Munsell Color Book. On
exposure to air, yellow colors form within 24 hours as some of the ferrous iron oxidizes.
Dark Colored Soils with Organic Matter Accumulation: Mineral soils with a high amount of
decomposed organic matter in the saturated zone, a value of 3 or less, and a chroma of 1 or less.
Included in this category are organic soils with a minor amount of mineral matter.
Soils with a Dark Surface: The upper surface layer has a dark color with a value of 3 or less and
a chroma of 1 or less immediately underlain by a layer with a chroma of 2 or less.
Iron Stripping and Staining in Sandy Soils: Soil horizons in which iron/manganese oxides or
organic matter or both have been stripped from the matrix, exposing the primary base color of soil
materials. The stripped areas and trans-located oxides or organic matter form a diffuse splotchy
pattern of two or more colors.
Salt-Affected Soils: Soils in arid and semi-arid areas that have visible accumulations of soluble
salts at or near the ground surface.
Dark Colored Shrink-Swell Soils: Vertisols whose colors have values of 3 or less and chromas
of 1 or less. Iron concentrations may be present but are not diagnostic of conditions associated
with saturation.
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When is a Soil Perc Test Required vs Performed?
There are two different questions here:
1. A soil perc test or percolation test is going to be required in most jurisdictions when
a builder or property owner is going to install a new or replacement septic system that
requires local health or building department approval. This might be a perc test for a
new building site or a perc test to permit approval of a septic design for a replacement
soak bed or drainfield at an existing property whose existing septic fields must be
replaced.
2. A soil perc test is usually performed during wet weather or during the wet season a time that varies depending on where you live. Typically April-June
Why Soil Perc Testing during Wet Weather is Important
Why not do our perc tests during the dry season when a site is most likely to "pass" local soil perc
test requirements? We have all seen other builders use this trick to pass a marginal site for
locating a septic soak bed.
Unfortunately designing a septic effluent disposal system based on "dry season" perc testing
results means that the septic system design is likely to be inadequate: that is, during the wet
season when soil water tables are higher and perc rates are slower, the septic system is going to
discharge un-treated effluent into the environment: basically your are discharging raw sewage
into the water supply.
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Septic Tank Construction Considerations Sub-Section
Important construction considerations include tank location, bedding and backfilling,
watertightness, and flotation prevention, especially with non-concrete tanks. Roof drains, surface
water runoff, and other clear water sources must not be routed to the septic tank. Attention to
these considerations will help to ensure that the tank performs as intended.

Construction Materials
Septic tanks smaller than 6,000 gallons are typically pre-manufactured; larger tanks are
constructed in place. The materials used in pre-manufactured tanks include concrete, fiberglass,
polyethylene, and coated steel. Precast concrete tanks are by far the most common, but fiberglass
and plastic tanks are gaining popularity. The lighter weight fiberglass and plastic tanks can be
shipped longer distances and set in place without cranes.
Concrete tanks, on the other hand, are less susceptible to collapse and flotation.
Coated steel tanks are no longer widely used because they corrode easily. Tanks constructed in
place are typically made of concrete.
Tanks constructed of fiberglass/reinforced polyester (FRP) usually have a wall thickness of about
1/4 inch (6 millimeters). Most are gel or resin coated to provide a smooth finish and prevent glass
fibers from becoming exposed, which can cause wicking.
Polyethylene tanks are more flexible than FRP tanks and can deform to a shape of structural
weakness if not properly designed. Concrete tank walls are usually about 4 inches thick and
reinforced with no. 5 rods on 8-inch centers.

177
TLC OSSF ©1/1/2021

(866) 557-1746

Sulfuric acid and hydrogen sulfide, both of which are present in varying concentrations in septic
tank effluent, can corrode exposed rods and the concrete itself over time. Some plastics (e.g.,
polyvinyl chloride, polyethylene, but not nylon) are virtually unaffected by acids and hydrogen
sulfide (USEPA, 1991).
Quality construction is critical to proper performance.
Tanks must be properly designed, reinforced, and constructed of the proper mix of materials so
they can meet anticipated loads without cracking or collapsing. All joints must be watertight and
flexible to accommodate soil conditions.
For concrete tank manufacturing, a "best practices manual" can be purchased from the National
Pre-Cast Concrete Association (NPCA,1998). Also, a Standard Specification for Precast
Concrete Septic Tanks (C 1227) has been published by the American Society for Testing and
Materials (ASTM, 1998).

178
TLC OSSF ©1/1/2021

(866) 557-1746

Watertightness
Watertightness of the septic tank is critical to the performance of the entire onsite wastewater
system. Leaks, whether exfiltrating or infiltrating, are serious. Infiltration of clear water to the tank
from the building storm sewer or ground water adds to the hydraulic load of the system and can
upset subsequent treatment processes.
Exfiltration can threaten ground water quality with partially treated wastewater and can lower the
liquid level below the outlet baffle so it and subsequent processes can become fouled with scum.
In addition, leaks can cause the tank to collapse.
Tank joints should be designed for watertightness. Two-piece tanks and tanks with separate
covers should be designed with tongue and groove or lap joints.
Manway covers should have similar joints. High-quality, preformed joint sealers should be used
to achieve a watertight seal. They should be workable over a wide temperature range and should
adhere to clean, dry surfaces; they must not shrink, harden, or oxidize.
Seals should meet the minimum compression and other requirements prescribed by the seal
manufacturer. Pipe and inspection port joints should have cast-in rubber boots or compression
seals.
Septic tanks should be tested for watertightness using hydrostatic or vacuum tests, and manway
risers and inspection ports should be included in the test. The professional association
representing the materials industry of the type of tank construction (e.g., the National Pre-cast
Concrete Association) should be contacted to establish the appropriate testing criteria and
procedures.

Watertightness Testing Procedure/Criteria for Precast Concrete Tanks Table
Standard
C 1227,
ASTM (1993)

NPCA (1998)

Hydrostatic test
Pass/fail
Preparation
criterion
Seal tank, fill
Approved if
with water, and
water level is
let stand for 24
held for 1 hour
hours. Refill
tank.
Seal tank, fill
Approved if no
with water, and
further
let stand for 8 to measurable
10 hours.
water level
Refill tank and
drop occurs
let stand for
another 8 to 10
hours.

Vacuum test
Preparation
Pass/fail
criterion
Seal tank and Approved if
apply a
90% of vacuum
vacuum of 2
is held for 2
in. Hg.
minutes.
Seal tank and
apply a
vacuum of 4
in. Hg. Hold
vacuum for 5
minutes. Bring
vacuum back
to 4 in. Hg.

Approved if
vacuum can be
held for 5
minutes without
a loss of
vacuum.
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Location
The tank should be located where it can be accessed easily for septage removal and sited away
from drainage swales or depressions where water can collect. Local codes must be consulted
regarding minimum horizontal setback distances from buildings, property boundaries, wells, water
lines, and the like.

Bedding and Backfilling
The tank should rest on a uniform bearing surface. It is good practice to provide a level, granular
base for the tank. The underlying soils must be capable of bearing the weight of the tank and its
contents. Soils with a high organic content or containing large boulders or massive rock edges
are not suitable.
After setting the tank, leveling, and joining the building sewer and effluent line, the tank can be
backfilled. The backfill material should be free-flowing and free of stones larger than 3 inches in
diameter, debris, ice, or snow. It should be added in lifts and each lift compacted. In fine-textured
soils such as silts, silt loams, clay loams, and clay, imported granular material should be used.
This is a must where freeze and thaw cycles are common because the soil movement during such
cycles can work tank joints open. This is a significant concern when using plastic and fiberglass
tanks.
The specific bedding and backfilling requirements vary with the shape and material of the tank.
The manufacturer should be consulted for acceptable materials and procedures.
Joint Watertightness
All joints must be sealed properly, including tank joints (sections and covers if not a monolithic
tank), inlets, outlets, manways, and risers (ASTM, 1993; NPCA, 1998). The joints should be clean
and dry before applying the joint sealer. Only high-quality joint sealers should be used (see
previous section).
Backfilling should not proceed until the sealant setup period is completed. After all joints have
been made and have cured, a watertightness test should be performed. Risers should be tested.
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Flotation Prevention
If the tank is set where the soil can be saturated, tank flotation may occur, particularly when the
tank is empty (e.g., recently pumped dose tanks or septic tank after septage removal). Tank
manufacturers should be consulted for appropriate anti-flotation devices.
Design Considerations
Onsite wastewater treatment system designs vary according to the site and wastewater
characteristics encountered. However, all designs should strive to incorporate the following
features to achieve satisfactory long-term performance:
1. Shallow placement of the infiltration surface (< 2 feet below final grade)
2. Organic loading comparable to that of septic tank effluent at its recommended hydraulic loading
rate
3. Trench orientation parallel to surface contours
4. Narrow trenches (< 3 feet wide)
5. Timed dosing with peak flow storage
6. Uniform application of wastewater over the infiltration surface
7. Multiple cells to provide periodic resting, standby capacity, and space for future repairs or
replacement. Based on the site characteristics, compromises to ideal system designs are
necessary. However, the designer should attempt to include as many of the above features as
possible to ensure optimal long-term performance and minimal impact on public health and
environmental quality.
Placement of the Infiltration Surface
Placement of a SWIS infiltration surface may be below, at, or above the existing ground surface
(in an in-ground trench, at grade, or elevated in a mound system).
Actual placement relative to the original soil profile at the site is determined by desired separation
from a limiting condition. Treatment by removal of additional pollutants during movement through
soils and the potential for excessive ground water mounding will control the minimum separation
distance from a limiting condition.
The depth below final grade is affected by subsoil reaeration potential. Maximum delivery of
oxygen to the infiltration zone is most likely when soil components are shallow and narrow and
have separated infiltration areas. (Erickson and Tyler, 2001).
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Few governmental programs address onsite system operation and maintenance, resulting in
failures that lead to unnecessary costs and risks to public health and water resources. Moreover,
the lack of coordination among agencies that oversee land use planning, zoning, development,
water resource protection, public health initiatives, and onsite systems causes problems that
could be prevented through a more cooperative approach.
Effective management of onsite systems requires rigorous planning, design, installation,
operation, maintenance, monitoring, and controls.

182
TLC OSSF ©1/1/2021

(866) 557-1746

Separation Distance from a Limiting Condition
Placement of the infiltration surface in the soil profile is determined by both treatment and hydraulic
performance requirements. Adequate separation between the infiltration surface and any saturated
zone or hydraulically restrictive horizon within the soil profile must be maintained to achieve
acceptable pollutant removals, sustain aerobic conditions in the subsoil, and provide an adequate
hydraulic gradient across the infiltration zone.
Treatment needs (performance requirements) establish the minimum separation distance, but the
potential for ground water mounding or the availability of more permeable soil may make it
advantageous to increase the separation distance by raising the infiltration surface in the soil profile.
Most current onsite wastewater system codes require minimum separation distances of at least 18
inches from the seasonally high water table or saturated zone irrespective of soil characteristics.
Generally, 2 to 4 foot separation distances have proven to be adequate in removing most fecal
coliforms in septic tank effluent (Ayres Associates, 1993). However, studies have shown that the
applied effluent quality, hydraulic loading rates, and wastewater distribution methods can affect the
unsaturated soil depth necessary to achieve acceptable wastewater pollutant removals.
A few studies have shown that separation distances of 12 to 18 inches are sufficient to achieve good
fecal coliform removal if the wastewater receives additional pretreatment prior to soil application
(Converse and Tyler, 1998a, 1998b; Duncan et al., 1994).
However, when effluents with lower organic and oxygen-demanding content are applied to the
infiltration surface at greater hydraulic loading rates than those typically used for septic tank effluents
(during extended periods of peak flow), treatment efficiency can be lost (Converse and Tyler, 1998b,
Siegrist et al., 2000).
Reducing the Hydraulic Loading Rate
Reducing the hydraulic loading rate or providing uniform distribution of the septic tank effluent has
been shown to reduce the needed separation distance (Bomblat et al., 1994; Converse and Tyler,
1998a; Otis, 1985; Siegrist et al., 2000; Simon and Reneau, 1987). Reducing both the daily and
instantaneous hydraulic loading rates and providing uniform distribution over the infiltration surface
can help maintain lower soil moisture levels.
Lower soil moisture results in longer wastewater retention times in the soil and causes the
wastewater to flow though the smaller soil pores in the unsaturated zone, both of which enhance
treatment and can reduce the necessary separation distance.
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Based only on hydraulics, certain soils require different vertical separation distances from ground
water to avoid hydrologic interference with the infiltration rate. From a treatment standpoint, required
separation distances are affected by dosing pattern, loading rate, temperature, and soil
characteristics. Uniform, frequent dosing (more than 12 times/day) in coarser soils maximizes the
effectiveness of biological, chemical, and physical treatment mechanisms. To offset inadequate
vertical separation, a system designer can raise the infiltration surface in an at-grade system or
incorporate a mound in the design.
If the restrictive horizon is a high water table and the soil is porous, the water table can be lowered
through the use of drainage tile or a curtain drain if the site has sufficient relief to promote surface
discharge from the tile piping.
For flat terrain with porous soils, a commercial system has been developed and is being field-tested.
It lowers the water table with air pressure, thereby avoiding any aesthetic concerns associated with
a raised mound on the site. Another option used where the terrain is flat and wet is pumped drainage
surrounding the OWTS (or throughout the subdivision) to lower the seasonal high water table and
enhance aerobic conditions beneath the drainfield.
These systems must be properly operated by certified operators and managed by a public
management entity since maintenance of off-lot portions of the drainage network will influence
performance of the SWIS.
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The hydraulic capacity of the site or the hydraulic conductivity of the soil may increase the minimum
acceptable separation distance determined by treatment needs. The soil below the infiltration surface
must be capable of accepting and transmitting the wastewater to maintain the desired unsaturated
separation distance at the design hydraulic loading rate to the SWIS.
The separation distance necessary for satisfactory hydraulic performance is a function of the
permeability of the underlying soil, the depth to the limiting condition, the thickness of the saturated
zone, the percentage of rocks in the soil, and the hydraulic gradient.
Groundwater mounding analyses may be necessary to assess the potential for the saturated zone
to rise and encroach upon the minimum acceptable separation distance. Raising the infiltration
surface can increase the hydraulic capacity of the site by accommodating more mounding.
If the underlying soil is more slowly permeable than soil horizons higher in the profile, it might be
advantageous to raise the infiltration surface into the more permeable horizon where higher hydraulic
loading rates are possible (Hoover et al., 1991; Weymann et al.,1998).
A shallow infiltration system covered with fill or an at-grade system can be used if the natural soil
has a shallow permeable soil horizon (Converse et al., 1990; Penninger, and Hoover, 1998). If more
permeable horizons do not exist, a mound system constructed of suitable sand fill can provide more
permeable material in which to place the infiltration surface.
Depth of the Infiltration Surface
The depth of the infiltration surface is an important consideration in maintaining adequate subsoil
aeration and frost protection in cold climates. The maximum depth should be limited to no more than
3 to 4 feet below final grade to adequately reaerate the soil and satisfy the daily oxygen demand of
the applied wastewater. The infiltrative surface depth should be less in slowly permeable soils or
soils with higher ambient moisture. Placement below this depth to take advantage of more permeable
soils should be resisted because reaeration of the soil below the infiltration surface will be limited.
In cold climates, a minimum depth of 1 to 2 feet may be necessary to protect against freezing. Porous
fill material can be used to provide the necessary cover even with an elevated (at-grade or mound)
system if it is necessary to place the infiltration surface higher.
Subsurface Drainage
Soils with shallow saturated zones sometimes can be drained to allow the infiltration surface to be
placed in the natural soil. Curtain drains, vertical drains, underdrains, and mechanically assisted
commercial systems can be used to drain shallow water tables or perched saturated zones. Of the
three, curtain drains are most often used in onsite wastewater systems to any great extent. They can
be used effectively to remove water that is perched over a slowly permeable horizon on a sloping
site.
However, poorly drained soils often indicate other soil and site limitations that improved drainage
alone will not overcome, so the use of drainage enhancements must be carefully considered. Any
sloping site that is subject to frequent inundation during prolonged rainfall should be considered a
candidate for upslope curtain drains to maintain unsaturated conditions in the vadose zone.
Curtain drains are installed upslope of the SWIS to intercept the permanent and perched
groundwater flowing through the site over a restrictive horizon.
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Infiltration Surface Loading Limitations Sub-Section
Infiltration surface hydraulic loading design rates are a function of soil morphology, wastewater
strength, and SWIS design configuration. Hydraulic loadings are traditionally used to size
infiltration surfaces for domestic septic tank effluent. In the past, soil percolation tests determined
acceptable hydraulic loading rates.
Codes provided tables that correlated percolation test results to the necessary infiltration surface
areas for different classes of soils. Most states have supplemented this approach with soil
morphologic descriptions. Morphologic features of the soil, particularly structure, texture, and
consistence, are better predictors of the soil's hydraulic capacity than percolation tests (Brown et
al., 1994; Gross et al., 1998; Kleiss and Hoover, 1986; Simon and Reneau, 1987; Tyler et al.,
1991; Tyler and Converse, 1994).
Although soil texture analysis supplemented the percolation test in most states by the mid-1990s,
soil structure has only recently been included in infiltrative surface sizing tables.
Consistence, a measure of how well soils form shapes and stick to other objects, is an important
consideration for many slowly permeable soil horizons. Expansive clay soils that become
extremely firm when moist and very sticky or plastic when wet (exhibiting firm or extremely firm
consistence) are not well suited for SWISs.
Increasingly, organic loading is being used to size infiltration surfaces. Based on current
understanding of the mechanisms of SWIS operation, organic loadings and the reaeration
potential of the subsoil to meet the applied oxygen demand are critical considerations in
successful SWIS design.
Anaerobic conditions are created when the applied oxygen demand exceeds what the soil is able
to supply by diffusion through the vadose zone (Otis, 1985, 1997; Siegrist et al., 1986). The
facultative and anaerobic microorganisms that are able to thrive in this environment are less
efficient in degrading the waste materials. The accumulating waste materials and the metabolic
by-products cause soil clogging and loss of infiltrative capacity.
Further, higher forms of soil fauna that would help break up the biomat (e.g., worms, insects, nonwetland plants) and would be attracted to the carbon and nutrient-rich infiltration zone are repelled
by the anoxic or anaerobic environment.
If wastewater application continues without ample time to satisfy the oxygen demand, hydraulic
failure due to soil clogging occurs. Numerous studies have shown that wastewaters with low BOD
concentrations (e.g., < 50 mg/L) can be applied to soils at rates 2 to 16 times the typical hydraulic
loading rate for domestic septic tank effluent (Jones and Taylor, 1965; Laak, 1970, 1986; Louden
et al., 1998; Otis, 1985; Siegrist and Boyle, 1987; Tyler and Converse, 1994).
The comparatively higher hydraulic loadings that highly treated wastewater (highly treated in
terms of TSS, ammonium/nitrogen, and BOD) may permit should be considered carefully because
the resulting rapid flow through the soil may allow deep penetration of pathogens (Converse and
Tyler, 1998a, 1998b; Siegrist et al., 2000; Siegrist and Van Cuyk, 2001b; Tyler and Converse,
1994).
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Suggested Hydraulic and Organic Loading Rates for Sizing Infiltration Surfaces
Table
Texture
Coarse sand,
sand, loamy
coarse sand,
loamy sand
Fine sand, very
find sand,
loamy fine
sand, loamy
very fine sand
Coarse sandy
loam, sandy
loam

Structure
Shape
Single
grain

Structureless

Single
grain

Structureless

Massive
Platy

Grade

Structureless
Weak
Moderate,
Strong
Prismatic Weak
, blocky,
Moderate,
granular
strong
Fine sandy
Massive
Structureless
loam, very fine
Platy
Weak, mod.,
sandy loam
strong
Prismatic Weak
, blocky,
Moderate,
granular
strong
Loam
Massive
Structureless
Platy
Weak, mod.,
strong
Prismatic Weak
, blocky,
Moderate,
granular
strong
Silt loam
Massive
Structureless
Platy
Weak, mod.,
strong
Prismatic Weak
, blocky,
Moderate,
granular
strong
Sandy clay
Massive
Structureless
loam, clay
Platy
Weak, mod.,
loam, silty clay
strong
loam
Prismatic Weak
, blocky,
Moderate,
granular
strong
Source: Adapted from Tyler, 2000.

Hydraulic loading
(gal/ft2-day)
BOD=150
BOD=30
0.8
1.8

Organic loading
(lb BOD/1000ft2-day)
BOD=150
BOD=30
1.00
0.40

0.4

1.0

0.50

0.25

0.2
0.2

0.6
0.5

0.25
0.25

0.15
0.13

0.4
0.6

0.7
1.0

0.50
0.75

0.18
0.25

0.2

0.5

0.25

0.13

0.2
0.4

0.6
0.8

0.25
0.50

0.15
0.20

0.2

0.5

0.25

0.13

0.4
0.6

0.6
0.8

0.50
0.75

0.15
0.20

0.2

0.00

0.05

0.4
0.6

0.6
0.8

0.50
0.75

0.15
0.20

0.2

0.3

0.25

0.08

The trench length perpendicular to ground water movement (footprint) should remain the same to
minimize system impacts on the aquifer. Unfortunately, well-tested organic loading rates for
various classes of soils and SWIS design configurations have not been developed. Most organic
loading rates have been derived directly from the hydraulic loadings typically used in SWIS design
by assuming a BOD5 concentration.
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Derived Organic Loading Rates
The derived organic loading rates also incorporate the implicit factor of safety found in the
hydraulic loading rates. Organic loadings do appear to have less impact on slowly permeable
soils because the resistance of the biomat that forms at the infiltrative surface presents less
resistance to infiltration of the wastewater than the soil itself (Bouma, 1975). For a further
discussion of SWIS performance under various environmental conditions, see Siegrist and Van
Cuyk, 2001b.
Width
Infiltration surface clogging and the resulting loss of infiltrative capacity are less where the
infiltration surface is narrow. This appears to occur because reaeration of the soil below a narrow
infiltration surface is more rapid. The dominant pathway for oxygen transport to the subsoil
appears to be diffusion through the soil surrounding the infiltration surface.
The unsaturated zone below a wide surface quickly becomes anaerobic because the rates of
oxygen diffusion are too low to meet the oxygen demands of biota and organics on the infiltration
surface. (Otis, 1985; Siegrist et al., 1986). Therefore, trenches perform better than beds. Typical
trench widths range from 1 to 4 feet. Narrower trenches are preferred, but soil conditions and
construction techniques might limit how narrow a trench can be constructed.
On sloping sites, narrow trenches are a necessity because in keeping the infiltration surface level,
the uphill side of the trench bottom might be excavated into a less suitable soil horizon. Wider
trench infiltration surfaces have been successful in at grade systems and mounds probably
because the engineered fill material and elevation above the natural grade promote better
reaeration of the fill.
Length
The trench length is important where downslope linear loadings are critical, ground water quality
impacts are a concern, or the potential for ground water mounding exists. In many jurisdictions,
trench lengths have been limited to 100 feet. This restriction appeared in early codes written for
gravity distribution systems and exists as an artifact with little or no practical basis when pressure
distribution is used.
Trench lengths longer than 100 feet might be necessary to minimize ground water impacts and
to permit proper wastewater drainage from the site. Long trenches can be used to reduce the
linear loadings on a site by spreading the wastewater loading parallel to and farther along the
surface contour. With current distribution/dosing technology, materials, and construction
methods, trench lengths need be limited only by what is practical or feasible on a given site. Also,
use of standard trench lengths, e.g., X feet of trench/BR, is discouraged because it restricts the
design options to optimize performance for a given site condition.
Height
The height of the sidewall is determined primarily by the type of porous medium used in the
system, the depth of the medium needed to encase the distribution piping, and/or storage
requirements for peak flows. Because the sidewall is not included as an active infiltration surface
in sizing the infiltration area, the height of the sidewall can be minimized to keep the infiltration
surface high in the soil profile. A height of 6 inches is usually sufficient for most porous aggregate
applications. Use of a gravelless system requires a separate analysis to determine the height
based on whether it is an aggregate-free (empty chamber) design or one that substitutes a
lightweight aggregate for washed gravel or crushed stone.
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Geometry, Orientation, and Configuration Considerations for SWI Table
Design type
Trench
Geometry
Width

Design Considerations

Preferably, less than 3 ft. Design width is affected by
distribution method, constructability, and available area.
Length
Restricted by available length parallel to site contour,
distribution method, and distribution network design
Sidewall height
Sidewalls are not considered an active infiltration surface.
Minimum height is that needed to encase the distribution
Orientation/configuration piping or to meet peak flow storage requirements.
Should be constructed parallel to site contours and/or
water table or restrictive layer contours.
Should not exceed the site's maximum linear hydraulic
loading rate per unit of length. Spacing of multiple, parallel
trenches is also limited by the construction method and
slow dispersion from the trenches.
Bed
Geometry
Width
Length

Should be as narrow as possible. Beds wider than 10 to 15
feet should be avoided.
Restricted by available length parallel to site contour,
distribution method, and distribution network design.

Sidewall height

Sidewalls are not considered an active infiltration surface.
Minimum height is that needed to encase the distribution
Orientation/configuration piping or to meet peak flow storage requirements.
Should be constructed parallel to site contours and/or
water table or restrictive layer contours. The loading over
the total projected width should not exceed the estimated
downslope maximum linear hydraulic loading.
Seepage pit

Not recommended because of limited treatment capability.
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Infiltration Surface Orientation Sub-Section
Orientation of the infiltration surface(s) becomes an important consideration on sloping sites, sites
with shallow soils over a restrictive horizon or saturated zone, and small or irregularly shaped lots.
The long axes of trenches should be aligned parallel to the ground surface contours to reduce linear
contour hydraulic loadings and ground water mounding potential. In some cases, ground water or
restrictive horizon contours may differ from surface contours because of surface grading or the soil's
morphological history. Where this occurs, consideration should be given to aligning the trenches with
the contours of the limiting condition rather than those of the surface.

Characteristics of Typical SWIS Applications Table
Characteristic
Type of wastewater

Daily flow

Minimum pretreatment
Lot orientation
Landscape position
Topography
Soil texture
Soil structure
Drainage

Applications to avoida
Facilities with non-sanitary and/o
industrial wastewaters.
Check local codes for other
possible restrictions
>20 population equivalents
without a management program
Check local codes for specific or
special conditions (e.g., USEPA
or state Underground Injection
Control Program Class V rule)
Septic tank, Imhoff tank
Discharge of raw wastewater to
SWIS
Loading along contour(s) must no Any site where hydraulic loads
exceed the allowable contour
from the system will exceed
loading rate
allowable contour loading rates
Ridge lines, hilltops, shoulder/sideDepressions, foot slopes concav
slopes
slopes, floodplains
Planar, mildly undulating slopes o Complex slopes of >30%
20% grade
Sands to clay loams
Very fine sands, heavy clays,
expandable clays
Granular, blocky
Platy, prismatic, or massive soils
Moderately drained or well draine Extremely well, somewhat poor,
sites
or very poorly drained sites
>5 feet
<2 feet. Check local codes for
specific requirements
Typical application
Domestic and commercial
(residential, mobile home parks,
campgrounds, schools,
restaurants, etc.)
<20 population equivalents unles
a management entity exists

Depth to ground water or
bedrock
a Avoid when possible
Source: Adapted from WEF, 1990

Extending the trenches perpendicular to the ground water gradient reduces the mass loadings per
unit area by creating a "line" source rather than a "point" source along the contour.
However, the designer must recognize that the depth of the trenches and the soil horizon in which
the infiltration surface is placed will vary across the system. Any adverse impacts this might have on
system performance should be mitigated through design adjustments.
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Multiple Trenches Configuration
The spacing of multiple trenches constructed parallel to one another is determined by the soil
characteristics and the method of construction. The sidewall-to-sidewall spacing must be sufficient
to enable construction without damage to the adjacent trenches.
Only in very tight soils will normally used spacings be inadequate because of high soil wetness and
capillary fringe effects, which can limit oxygen transfer. It is important to note that the sum of the
hydraulic loadings to one or more trenches or beds per each unit of contour length (when projected
downslope) must not exceed the estimated maximum contour loading for the site. Also, the finer
(tighter) the soil, the greater the trench spacing should be to provide sufficient oxygen transfer.
Quantitative data are lacking, but Camp (1985) reported a lateral impact of more than 2.0 meters in
a clay soil.
Given the advantages of lightweight gravelless systems in terms of potentially reduced damage to
the site's hydraulic capacity, parallel trenches may physically be placed closer together, but the
downslope hydraulic capacity of the site and the natural oxygen diffusion capacity of the soil cannot
be exceeded.
Wastewater Distribution onto the Infiltration Surface
The method and pattern of wastewater distribution in a subsurface infiltration system are important
design elements. Uniform distribution aids in maintaining unsaturated flow below the infiltration
surface, which results in wastewater retention times in the soil that are sufficiently long to effect
treatment and promote subsoil reaeration. Uniform distribution design also results in more complete
utilization of the infiltration surface.
Gravity flow and dosing are the two most commonly used distribution methods. For each method,
various network designs are used. Gravity flow is the most commonly used method because it is
simple and inexpensive. This method discharges effluent from the septic tank or other pretreatment
tank directly to the infiltration surface as incoming wastewater displaces it from the tank(s). It is
characterized by the term "trickle flow" because the effluent is slowly discharged over much of the
day.
Typically, tank discharges are too low to flow throughout the distribution network. Thus, distribution
is unequal and localized overloading of the infiltration surface occurs with concomitant poor treatment
and soil clogging (Bouma, 1975; McGauhey and Winneberger, 1964; Otis, 1985; Robeck et al.,
1964).
Doses to the Infiltration
Dosing, on the other hand, accumulates the wastewater effluent in a dose tank from which the water
is periodically discharged under pressure in "doses" to the infiltration system by a pump or siphon.
The pretreated wastewater is allowed to accumulate in the dose tank and is discharged when a
predetermined water level, water volume, or elapsed time is reached. The dose volumes and
discharge rates are usually such that much of the distribution network is filled, resulting in more
uniform distribution over the infiltration surface.
Dosing outperforms gravity/flow systems because distribution is more uniform. In addition, the
periods between doses provide opportunities for the subsoil to drain and reaerate before the next
dose (Bouma et al., 1974; Hargett et al., 1982; Otis et al., 1977). However, which method is most
appropriate depends on the specific application.
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Distribution Methods and Applications Table
Method
Gravity flow 4-inch perforated pipe
Distribution box
Serial relief line
Drop box

Dosed distribution
4-inch perforated pipe (with or without a
distribution box)
Pressure manifold
Rigid pipe pressure network
Dripline pressure network

Typical Application
Single or looped trenches at the same
elevation; beds. Multiple independent
trenches on flat or sloping sites. Multiple
serially connected trenches on a sloping
site.
Multiple independent trenches on a
sloping site
Single (or multiple) trenches, looped
trenches at the same elevation, and beds
Multiple independent trenches on sloping
sites.
Multiple independent trenches at the
same elevation (a preferred method for
larger SWISs)
Multiple independent trenches on flat or
sloping sites (a preferred method for
larger SWISs)
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Gravity Flow Sub-Section
Gravity flow can be used where there is a sufficient elevation difference between the outlet of the
pretreatment tank and the SWIS to allow flow to and through the SWIS by gravity.
Gravity flow systems are simple and inexpensive to construct but are the least efficient method of
distribution. Distribution is very uneven over the infiltration surface, resulting in localized overloading
(Converse, 1974; McGauhey and Winneberger, 1964;Otis et al., 1978; University of Wisconsin,
1978).
Until a biomat forms on the infiltration surface to slow the rate of infiltration, the wastewater residence
time in the soil might be too short to effect good treatment. As the biomat continues to form on the
overloaded areas, the soil surface becomes clogged, forcing wastewater effluent to flow through the
porous medium of the trench until it reaches an unclogged infiltration surface. This phenomenon,
known as "progressive clogging," occurs until the entire infiltration surface is ponded and the
sidewalls become the more active infiltration surfaces. Without extended periods of little or no flow
to allow the surface to dry, hydraulic failure becomes imminent.
Although inefficient, these systems can work well for seasonal homes with intermittent use or for
households with low occupancies. Seasonal use of SWISs allows the infiltration surface to dry and
the biomat to oxidize, which rejuvenates the infiltration capacity. Low occupancies result in mass
loadings of wastewater constituents that are lower and less likely to exceed the soil's capacity to
completely treat the effluent.
More on Perforated Pipe
Four-inch diameter perforated plastic pipe is the most commonly used distribution piping for gravity
flow systems. The piping is generally smooth-walled rigid polyvinyl chloride (PVC), or flexible
corrugated polyethylene (PE) or acrylonitrile- butadiene styrene (ABS).
One or two rows of holes or slots spaced 12 inches apart are cut into the pipe wall. Typically, the
piping is laid level in gravel with the holes or slots at the bottom (ASTM, undated). One distribution
line is used per trench. In bed systems, multiple lines are installed 3 to 6 feet apart.
Distribution Box
Distribution boxes are used to divide the wastewater effluent flow among multiple distribution lines.
They are shallow, flat bottomed, watertight structures with a single inlet and individual outlets
provided at the same elevation for each distribution line.
An above-grade cover allows access to the inside of the box. The "d-box" must be laid level on a
sound, frost-proof footing to divide the flow evenly among the outlets. Uneven settlement or frost
heaving results in unequal flow to the lateral lines because the outlet hole elevations cease to be
level. If this occurs, adjustments must be made to re-establish equal division of flow. Several devices
can be used.
Adjustable weirs that can level the outlet inverts and maintain the same length of weir per outlet are
one option. Other options include designs that allow for leveling of the entire box. The box can also
be used to take individual trenches out of service by blocking the outlet to the distribution lateral or
raising the outlet weir above the weir elevations for the other outlets. Because of the inevitable
movement of d-boxes, their use has been discouraged for many years (USPHS, 1957). However,
under a managed care system with regular adjustment, the d-box is acceptable.
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Serial Relief Line
Serial relief lines distribute wastewater to a series of trenches constructed on a sloping site. Rather
than dividing the flow equally among all trenches as with a distribution box, the uppermost trench is
loaded until completely flooded before the next (lower) trench receives effluent. Similarly, that trench
is loaded until flooded before discharge occurs to the next trench, and so on. This method of loading
is accomplished by installing "relief lines" between successive trenches.
The relief lines are simple overflow lines that connect one trench to the adjacent lower trench. They
are solid-wall pipes that connect the crown of the upper trench distribution pipe with the distribution
pipe in the lower trench.
Successive relief lines are separated by 5 to 10 feet to avoid short-circuiting. This method of
distribution makes full hydraulic use of all bottom and sidewall infiltration surfaces, creates the
maximum hydrostatic head over the infiltration surfaces to force the water into the surrounding soil,
and eliminates the problem of dividing flows evenly among independent trenches.
However, because continuous ponding of the infiltration surfaces is necessary for the system to
function, the trenches suffer hydraulic failure more rapidly and progressively because the infiltration
surfaces cannot regenerate their infiltrative capacity.
Drop Box
Drop box distribution systems function similarly to relief line systems except that drop boxes are used
in place of the relief lines. Drop boxes are installed for each trench. They are connected in manifolds
to trenches above and below. The outlet invert can be placed near the top of each trench to force
the trench to fill completely before it discharges to the next trench if a serial distribution mode of
operation is desired. Solid wall pipe is used between the boxes.
Gravel-less (Graveless) Wastewater Dispersal Systems
Gravel-less systems have been widely used. They take many forms, including open bottomed
chambers, fabric-wrapped pipe, and synthetic materials such as expanded polystyrene foam chips.
Some gravel-less drain field systems use large diameter corrugated plastic tubing covered with
permeable nylon filter fabric not surrounded by gravel or rock. The area of fabric in contact with the
soil provides the surface for the septic tank effluent to infiltrate the soil. The pipe is a minimum of 10
to 12 inches (25.4 to 30.5 centimeters) in diameter covered with spun bonded nylon filter fabric to
distribute water around the pipe.
The pipe is placed in a 12 to 24 inch (30.5 to 61 centimeter) wide trench. These systems can be
installed in areas with steep slopes with small equipment and in hand-dug trenches where
conventional gravel systems would not be possible.
Reduced sizing of the infiltration surface is often promoted as another advantage of the gravel-less
system. This is based primarily on the premise that gravel-less systems do not "mask" the infiltration
surface as gravel does where the gravel is in direct contact with the soil.
Proponents of this theory claim that an infiltration surface area reduction of 50 percent is warranted.
However, these reductions are not based on scientific evidence though they have been codified in
some jurisdictions (Amerson et al., 1991; Anderson et al., 1985; Carlile and Osborne, 1982; Effert
and Cashell, 1987).
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Although gravel masking might occur in porous medium applications, reducing the infiltration surface
area for gravel-less systems increases the BOD mass loading to the available infiltration surface.
Many soils might not be able to support the higher organic loading and, as a result, more severe soil
clogging and greater penetration of pollutants into the vadose zone and ground water can occur
(University of Wisconsin, 1978), negating the benefits of the gravel-less surface.

Vadose Zone
A similar approach must be taken with any contaminant in the pretreatment system effluent that must
be removed before it reaches ground water or nearby surface waters. A 50 percent reduction in
infiltrative surface area will likely result in less removal of BOD, pathogens, and other contaminants
in the vadose zone and increase the presence and concentrations of contaminants in effluent
plumes.
The relatively confined travel path of a plume provides fewer adsorption sites for removal of
absorbable contaminants (e.g., metals, phosphorus, toxic organics).
Because any potential reductions in infiltrative surface area must be analyzed in a similar
comprehensive fashion, the use of gravel-less medium should be treated similarly to potential
reductions from increased pretreatment and better distribution and dosing concepts.
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Despite the cautions stated above, the overall inherent value of lightweight gravel-less systems
should not be ignored, especially in areas where gravel is expensive and at sites that have soils that
are susceptible to smearing or other structural damage during construction due to the impacts of
heavy machinery on the site.
In all applications where gravel is used (see SWIS Media in the following section), it must be properly
graded and washed. Improperly washed gravel can contribute fines and other material that can plug
voids in the infiltrative surface and reduce hydraulic capability. Gravel that is embedded into clay or
fine soils during placement can have the same effect.
Leaching Chambers
A leaching chamber is a wastewater treatment system that consists of trenches or beds and one or
more distribution pipes or open-bottomed plastic chambers. Leaching chambers have two key
functions: to disperse the effluent from septic tanks and to distribute this effluent throughout the
trenches.
A typical leaching chamber consists of several high-density polyethylene injection-molded archshaped chamber segments. A typical chamber has an average inside width of 15 to 40 inches and
an overall length of 6 to 8 feet.
The chamber segments are usually 1- foot high, with wide slotted sidewalls. Depending on the drain
field size requirements, one or more chambers are typically connected to form an underground drain
field network.
Typical leaching chambers are gravel-less systems that have drain field chambers with no bottoms
and plastic chamber sidewalls, available in a variety of shapes and sizes. Use of these systems
sometimes decreases overall drain field costs and may reduce the number of trees that must be
removed from the drain field lot.
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Dosed Flow Distribution
Dosed-flow distribution systems are a significant improvement over gravity-flow distribution
systems. The design of dosed-flow systems includes both the distribution network and the dosing
equipment.
Dosing achieves better distribution of the wastewater effluent over the infiltration surface than
gravity flow systems and provides intervals between doses when no wastewater is applied. As a
result, dosed-flow systems reduce the rate of soil clogging, more effectively maintain unsaturated
conditions in the subsoil (to effect good treatment through extended residence times and
increased reaeration potential), and provide a means to manage wastewater effluent applications
to the infiltration system (Hargett et al., 1982). They can be used in any application and should be
the method of choice.
Unfortunately, they are commonly perceived to be less desirable because they add a mechanical
component to an otherwise "passive" system and add cost because of the dosing equipment. The
improved performance of dosed-flow systems over gravity flow systems should outweigh these
perceived disadvantages, especially when a management entity is in place.
It must be noted, however, that if dosed infiltration systems are allowed to pond, the advantages
of dosing are lost because the bottom infiltration surface is continuously inundated and no longer
allowed to rest and reaerate. Therefore, there is no value in using dosed-flow distribution in SWISs
designed to operate ponded, such as systems that include sidewall area as an active infiltration
surface or those using serial relief lines.
Four-inch perforated pipe networks (with or without d-boxes or pressure manifolds) that receive
dosed-flow applications are designed no differently than gravity-flow systems. Many of the
advantages of dosing are lost in such networks, however, because the distribution is only slightly
better than that of gravity-flow systems (Converse, 1974).
Pressure Manifold
A pressure manifold consists of a large-diameter pipe tapped with small outlet pipes that
discharge to gravity laterals.
A pump pressurizes the manifold, which has a selected diameter to ensure that pressure inside
the manifold is the same at each outlet. This method of flow division is more accurate and
consistent than a distribution box, but it has the same shortcoming since flow after the manifold
is by gravity along each distribution lateral. Its most common application is to divide flow among
multiple trenches constructed at different elevations on a sloping site.
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Dosing Methods and Devices Table
Dosing Method Typical Application
Dosing occurs when a sufficient volume of wastewater has
On-Demand
accumulated in the dose tank to activate the pump switch or
siphon. Dosing continues until preselected low water level is
reached. Typically, there is no control on the daily volume of
wastewater closed.
Timed

Dosing device
Pump

Siphon

Dosing is performed by pumps on a timed cycle, typically at equal
intervals and for preset dose volumes so that the daily volume of
wastewater dosed does not exceed the system's design flow.
Controls can be set so that only full doses occur. Peak flows are
stored in the dose tank for dosing during low flow periods.
Excessive flows are retained in the tank, and, if they persist, a high
water alarm alerts the owner of the need for remedial action. This
approach prevents unwanted and detrimental discharges to the
SWIS.
Pressure distribution networks are set at elevations that are
typically higher than the dose tank. Multiple infiltration areas can be
dosed from the same tank using multiple, alternating pumps or
automatic valves.
On-demand dosing of gravity of pressure distribution networks is
used where the elevation between the siphon invert and the
distribution pipe orifices is sufficient for the siphon to operate.
Siphons cannot be used for timed dosing. Two siphons in the same
dose tank can be used to alternate automatically between two
infiltration areas.
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Pressure Manifold for Different Applications
The Pressure Manifold Sizing Table (next page) can be used to size a pressure manifold for
different applications. This table was developed by Berkowitz (1985) to size the manifold diameter
based on the spacing between pressure lateral taps, the lateral tap diameter, and the number of
lateral taps.
The hydraulic computations made to develop the table set a maximum flow differential between
laterals of 5 percent. The dosing rate is determined by calculating the flow in a single lateral tap
assuming 1 to 4 feet of head at the manifold outlets and multiplying the result by the number of lateral
taps. The Hazen-Williams equation for pipe flow can be used to make this calculation.
Rigid Pipe Pressure Distribution Networks
Rigid pipe pressure distribution networks are used to provide relatively uniform distribution of
wastewater effluent over the entire infiltration surface simultaneously during each dose. They are
well suited for all dosed systems. Because they deliver the same volume of wastewater effluent per
linear length of lateral, they can be used to dose multiple trenches of unequal length. Although rigid
pipe pressure networks can be designed to deliver equal volumes to trenches at different elevations
(Mote, 1984; Mote et al., 1981; Otis, 1982), these situations should be avoided.
Uniform distribution is achieved only when the network is fully pressurized. During filling and draining
of the network, the distribution lateral at the lowest elevation receives more water. This disparity
increases with increasing dosing frequency. As an alternative on sloping sites, the SWIS could be
divided into multiple cells, with the laterals in each cell at the same elevation. If this is not possible,
other distribution designs should be considered.
A simplified method of network design has been developed (Otis, 1982). Lateral and manifold sizing
is determined using a series of graphs and tables after the designer has selected the desired orifice
size and spacing and the distal pressure in the network (typically 1 to 2 feet of head). These graphs
and tables were derived by calculating the change in flow and pressure at each orifice between the
distal and proximal ends of the network. The method is meant to result in discharge rates from the
first and last orifices that differ by no more than 10 percent in any lateral and 15 percent across the
entire network.
However, subsequent testing of field installations indicated that the design model overestimates the
maximum lateral length by as much as 25 percent (Converse and Otis, 1982). Therefore, if the
graphs and tables are used, the maximum lateral length for any given orifice size and spacing should
not exceed 80 percent of the maximum design length suggested by the lateral sizing graphs. In lieu
of using the graphs and tables, a spreadsheet could be written using the equations presented and
adjusting the orifice discharge coefficient.
To achieve uniform distribution, the density of orifices over the infiltration surface should be as high
as possible. However, the greater the number of orifices used, the larger the pump must be to provide
the necessary dosing rate.
To reduce the dosing rate, the orifice size can be reduced, but the smaller the orifice diameter, the
greater the risk of orifice clogging. Orifice diameters as small as 1/8 inch have been used successfully
with septic tank effluent when an effluent screen is used at the septic tank outlet.
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Pressure Manifold Sizing Table
Tap
Manifold
Single-sided manifold
spacing

size

(feet)

(inches

Double-sided manifold

Lateral tap diameter (inches Lateral tap diameter (inche
0. 0.7

1.00 1.25 1.50 2.00

Maximum number of lateral taps

0.5

2

4

2

3

9

5

3

2

9

5

3

2

21

12

7

5

38

22

12

9

4

16

6

>

8
3.0

2

8

0. 0.7 1.00 1.2 1.50 2.00
Maximum number of lateral taps

2
4

2

7

4

2

3

10

6

3

2

5

17

10

6

4

2
5

3

19

7

3

2

3
9
15

2
3
13

4

3

2

2

2

3
4

14
21

12
18

3
6

2
3

2

6

38

30

26

8

5

2
5
4
3
9
7
6
2
4
14
11
9
4
6
27
20 17
14
Source: Adapted from Berkowitz, 1985.

6
3

6.0

>
4
7

2
7

3

Orifice spacings typically are 1.5 to 4 feet, but the greater the spacing, the less uniform the
distribution because each orifice represents a point load. It is up to the designer to achieve the
optimum balance between orifice density and pump size. The dose volume is determined by the
desired frequency of dosing and the size of the network. Often, the size of the network will control
design.
During filling and draining of the network at the start and end of each dose, the distribution is less
uniform. The first holes in the network discharge more during initial pressurization of the network,
and the holes at the lowest elevation discharge more as the network drains after each dose.
To minimize the relative difference in discharge volumes, the dose volume should be greater than
five times the volume of the distribution network (Otis, 1982). A pump or siphon can be used to
pressurize the network.
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Dripline Pressure Network Sub-Section
Drip distribution, which was derived from drip irrigation technology, was recently introduced as a
method of wastewater distribution.
It is a method of pressure distribution capable of delivering small, precise volumes of wastewater
effluent to the infiltration surface. It is the most efficient of the distribution methods and is well
suited for all types of SWIS applications. A dripline pressure network consists of several
components:
 Dose tank
 Pump
 Prefilter
 Supply manifold
 Pressure regulator (when turbulent, flow emitters are used)
 Dripline
 Emitters
 Vacuum release valve
 Return manifold
 Flush valve
 Controller

The pump draws wastewater effluent from the dose tank, preferably on a timed cycle, to dose the
distribution system. Before entering the network, the effluent must be prefiltered through
mechanical or granular medium filters.
The former are used primarily for large SWIS systems. The backflush water generated from a
self-cleaning filter should be returned to the headworks of the treatment system. The effluent
enters the supply manifold that feeds each dripline.
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If turbulent flow emitters are used, the filtered wastewater must first pass through a pressure
regulator to control the maximum pressure in the dripline. Usually, the dripline is installed in
shallow, narrow trenches 1 to 2 feet apart and only as wide as necessary to insert the dripline
using a trenching machine or vibratory plow.
The trench is backfilled without any porous medium so that the emitter orifices are in direct contact
with the soil. The distal ends of each dripline are connected to a return manifold. The return
manifold is used to regularly flush the dripline. To flush, a valve on the manifold is opened and
the effluent is flushed through the driplines and returned to the treatment system headworks.
Because of the unique construction of drip distribution systems, they cause less site disruption
during installation, are adaptable to irregularly shaped lots or other difficult site constraints, and
use more of the soil mantle for treatment because of the shallow depth of placement.
In addition, because the installed cost per linear foot of dripline is usually less than the cost of
conventional trench construction, dripline can be added to decrease mass loadings to the
infiltration surface at lower costs than other distribution methods.
Because of the equipment required, however, drip distribution tends to be more costly to construct
and requires regular operation and maintenance by knowledgeable individuals. Therefore, it
should be considered for use only where operation and maintenance support is ensured.
The dripline is normally a ½ inch-diameter flexible polyethylene tube with emitters attached to the
inside wall spaced 1 to 2 feet apart along its length. Because the emitter passageways are small,
friction losses are large and the rate of discharge is low (typically from 0.5 to nearly 2 gallons per
hour).
Two types of emitters are used. One is a "turbulent-flow" emitter, which has a very long labyrinth.
Flow through the labyrinth reduces the discharge pressure nearly to atmospheric rates. With
increasing in-line pressure, more wastewater can be forced through the labyrinth. Thus, the
discharges from turbulent flow emitters are greater at higher pressures. To more accurately
control the rate of discharge, a pressure regulator is installed in the supply manifold upstream of
the dripline.
Inlet pressures from a minimum of 10 psi to a maximum of 45 psi are recommended. The second
emitter type is the pressure-compensating emitter. This emitter discharges at nearly a constant
rate over a wide range of in-line pressures.
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Placement and Layout of Drip Systems
When drip distribution was introduced, the approach to sizing SWISs using this distribution method
was substantially different from that for SWISs using other distribution methods. Manufacturer?
Recommended hydraulic loading rates were expressed in terms of gallons per day per square foot
of drip distribution footprint area.
Typically, the recommended rates were based on 2-foot emitter and dripline spacing. Therefore,
each emitter would serve 4 square feet of footprint area. Because the dripline is commonly plowed
into the soil without surrounding it with porous medium, the soil around the dripline becomes the
actual infiltration surface.
The amount of infiltration surface provided is approximately 2/3 to 1 square foot per 5 linear feet of
dripline. As a result, the wastewater-loading rate is considerably greater than the hydraulic loadings
recommended for traditional SWISs. Experience has shown however, that the hydraulic loading on
this surface can be as much as seven times higher than that of traditional SWIS designs (Ayres
Associates, 1994). This is probably due to the very narrow geometry, higher levels of pretreatment,
shallow placement, and intermittent loadings of the trenches, all of which help to enhance reaeration
of the infiltration surface.
Hydraulic Loadings for Drip Distribution
The designer must be aware of the differences between the recommended hydraulic loadings for
drip distribution and those customarily used for traditional SWISs. The recommended drip distribution
loadings are a function of the soil, dripline spacing, and applied effluent quality. It is necessary to
express the hydraulic loading in terms of the footprint area because the individual dripline trenches
are not isolated infiltration surfaces.
If the emitter and/or dripline spacing is reduced, the wetting fronts emanating from each emitter could
overlap and significantly reduce hydraulic performance. Therefore, reducing the emitter and/or
dripline spacing should not reduce the overall required system footprint. Reducing the spacing might
be beneficial for irrigating small areas of turf grass, but the maximum daily emitter discharge must
be reduced proportionately by adding more dripline to maintain the same footprint size. Using higher
hydraulic loading rates must be carefully considered in light of secondary boundary loadings, which
could result in excessive ground water mounding.
Further, the instantaneous hydraulic loading during a dose must be controlled because storage is
not provided in the dripline trench. If the dose volume is too high, the wastewater can erupt at the
ground surface. Layout of the drip distribution network must be considered carefully. Two important
consequences of the network layout are the impacts on dose pump sizing necessary to achieve
adequate flushing flows and the extent of localized overloading due to internal dripline drainage.
Flushing Flow Rates
Flushing flow rates are a function of the number of manifold/dripline connections: More connections
create a need for greater flushing flows, which require a larger pump. To minimize the flushing flow
rate, the length of each dripline should be made as long as possible in accordance with the
manufacturer's recommendations. To fit the landscape, the dripline can be looped between the
supply and return manifolds. Consideration should also be given to dividing the network into more
than one cell to reduce the number of connections in an individual network.
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A computer program has been developed to evaluate and optimize the hydraulic design for adequate
flushing flows of dripline networks that use pressure-compensating emitters (Berkowitz and Harman,
1994).
Internal Drainage
Internal drainage that occurs following each dose or when the soils around the dripline are saturated
can cause significant hydraulic overloading to lower portions of the SWIS.
Following a dose cycle, the dripline drains through the emitters. On sloping sites, the upper driplines
drain to the lower driplines, where hydraulic overloading can occur. Any free water around the dripline
can enter through an emitter and drain to the lowest elevation. Each of these events needs to be
avoided as much as possible through design.
The designer can minimize internal drainage problems by isolating the driplines from each other in
a cell, by aligning the supply and return manifolds with the site's contours. A further safeguard is to
limit the number of doses per day while keeping the instantaneous hydraulic loadings to a minimum
so the dripline trench is not flooded following a dose. This trade-off is best addressed by determining
the maximum hydraulic loading and adjusting the number of doses to fit this dosing volume.
Dripline Freezes
Freezing of dripline networks has occurred in severe winter climates. Limited experience indicates
that shallow burial depths together with a lack of uncompacted snow cover or other insulating
materials might lead to freezing. In severe winter climates, the burial depth of dripline should be
increased appropriately and a good turf grass established over the network.
Mulching the area the winter after construction or every winter should be considered. In addition, it
is good practice to install the vacuum release valves below grade and insulate the air space around
them. Although experience with drip distribution in cold climates is limited, these safeguards should
provide adequate protection.
Dosing Methods
Two methods of dosing have been used. With on-demand dosing, the wastewater effluent rises to a
preset level in the dose tank and the pump or siphon is activated by a float switch or other mechanism
to initiate discharge. During peak-flow periods, dosing is frequent with little time between doses for
the infiltration system to drain and the subsoil to reaerate. During lowflow periods, dosing intervals
are long, which can be beneficial in controlling biomat development but is inefficient in using the
hydraulic capacity of the system.

206
TLC OSSF ©1/1/2021

(866) 557-1746

SWIS Media
A porous medium is placed below and around SWIS distribution piping to expand the infiltration
surface area of the excavation exposed to the applied wastewater. This approach is similar in most
SWIS designs, except when drip distribution or aggregate-free designs are used. In addition, the
medium also supports the excavation sidewalls, provides storage of peak wastewater flows,
minimizes erosion of the infiltration surface by dissipating the energy of the influent flow, and provides
some protection for the piping from freezing and root penetration.
Traditionally, washed gravel or crushed rock, typically ranging from ¾ to 2½ inches in diameter, has
been used as the porous medium. The rock should be durable, resistant to slaking and dissolution,
and free of fine particles.
A hardness of at least 3 on the Moh's scale of hardness is suggested. Rock that can scratch a copper
penny without leaving any residual meets this criterion. It is important that the medium be washed to
remove fine particles. Fines from insufficiently washed rock have been shown to result in significant
reductions in infiltration rates (Amerson et al., 1991).
In all applications where gravel is used, it must be properly graded and washed. Improperly washed
gravel can contribute fines and other material that can plug voids in the infiltrative surface and reduce
hydraulic capability. Gravel that is embedded into clay or fine soils during placement can have the
same effect.
In addition to natural aggregates, gravelless systems have been widely used as alternative SWIS
medium. These systems take many forms, including open-bottomed chambers, fabric-wrapped pipe,
and synthetic materials such as expanded polystyrene foam chips, as described in the preceding
section.
Systems that provide an open chamber are sometimes referred to as "aggregate-free" systems, to
distinguish them from others that substitute lightweight medium for gravel or stone.
These systems provide a suitable substitute in locales where gravel is not available or affordable.
Some systems (polyethylene chambers and lightweight aggregate systems) can also offer
substantial advantages in terms of reduced site disruption over the traditional gravel because their
lightweight makes them easy to handle without the use of heavy equipment. These advantages
reduce labor costs, limit damage to the property by machinery, and allow construction on difficult
sites where conventional medium could not reasonably be used.
Construction Considerations
Construction practices are critical to the performance of SWISs. Satisfactory SWIS performance
depends on maintaining soil porosity. Construction activities can significantly reduce the porosity and
cause SWISs to hydraulically fail soon after being brought into service.
Good construction practices should carefully consider site protection before and during construction,
site preparation, and construction equipment selection and use.
Good construction practices for at-grade and mound systems can be found elsewhere (Converse
and Tyler, 2000; Converse et al., 1990). Many of them, however, are similar to those described in
the following subsections.
Site Protection
Construction of the onsite wastewater system is often only one of many construction activities that
occur on a property. If not protected against intrusion, the site designated for the onsite system can

207
TLC OSSF ©1/1/2021

(866) 557-1746

be damaged by other, unrelated construction activities. Therefore, the site should be staked and
roped off before any construction activities begin to make others aware of the site and to keep traffic
and materials stockpiles off the site.
The designer should anticipate what activities will be necessary during construction and designate
acceptable areas for them to occur. Site access points and areas for traffic lanes, material
stockpiling, and equipment parking should be designated on the drawings for the contractor.
Site Preparation
Site preparation activities include clearing and surface preparation for filling. Before these activities
are begun, the soil moisture should be determined. In non-granular soils, compaction will occur if the
soil is near its plastic limit. This can be tested by removing a sample of soil and rolling it between the
palms of the hands. If the soil fails to form a "rope" the soil is sufficiently dry to proceed. However,
constant care should be taken to avoid soil disturbance as much as possible.
Clearing
Clearing should be limited to mowing and raking because the surface should be only minimally
disturbed. If trees must be removed, they should be cut at the base of the trunk and removed without
heavy machinery. If it is necessary to remove the stumps, they should be ground out. Grubbing of
the site (mechanically raking away roots) should be avoided. If the site is to be filled, the surface
should be moldboard or chisel-plowed parallel to the contour (usually to a depth of 7 to 10 inches)
when the soil is sufficiently dry to ensure maximum vertical permeability.
The organic layer should not be removed. Scarifying the surface with the teeth of a backhoe bucket
is not sufficient.
Excavation
Excavation activities can cause significant reductions in soil porosity and permeability (Tyler et al.,
1985).
Compaction and smearing of the soil infiltrative surface occur from equipment traffic and vibration,
scraping actions of the equipment, and placement of the SWIS medium on the infiltration surface.
Lightweight backhoes are most commonly used. Front-end loaders and blades should not be used
because of their scraping action.
All efforts should be made to avoid any disturbance to the exposed infiltration surface. Equipment
should be kept off the infiltration field. Before the SWIS medium is installed, any smeared areas
should be scarified and the surface gently raked. If gravel or crushed rock is to be used for SWIS
medium, the rock should be placed in the trench by using the backhoe bucket rather than dumping
it directly from the truck.
If damage occurs, it might be possible to restore the area, but only by removing the compacted layer.
It might be necessary to remove as much as 4 inches of soil to regain the natural soil porosity and
permeability (Tyler et al., 1985).
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Post Quiz
Construction Phases
Preparation Phase
1. Conduct a pre-construction conference at the site to ________________, verify setbacks and
other site conditions, check surface elevations, and identify potential problems or safety concerns.
Project Execution
2. Excavate areas for conveyance piping, the tank(s), secondary treatment units, and infiltration
or soil dispersal components according to designated depths and_____________.
Percolation Tests
3. Maryland and a number of other states also require the use of percolation tests and
___________________for repairs to existing septic systems that are malfunctioning.
Fixed Film and Suspended Growth Advanced Treatment Systems
4. __________________may also need to be considered when planning large wastewater
treatment systems or clustered facilities.
Septic Tank Construction Considerations
5.
Important construction considerations include tank location, bedding and backfilling,
watertightness, and__________________, especially with non-concrete tanks.
Construction Materials
6. Septic tanks smaller than __________________ gallons are typically pre-manufactured; larger
tanks are constructed in place.
Watertightness
7. Leaks, whether exfiltrating or infiltrating, are serious. ____________________of clear water
to the tank from the building storm sewer or ground water adds to the hydraulic load of the system
and can upset subsequent treatment processes.
Location
8. The tank should be located where it can be accessed easily for septage removal and sited
away from _________________ where water can collect. Local codes must be consulted
regarding minimum horizontal setback distances from buildings, property boundaries, wells, water
lines, and the like.
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Bedding and Backfilling
9. The tank should rest on____________________. It is good practice to provide a level, granular
base for the tank. The underlying soils must be capable of bearing the weight of the tank and its
contents.
Joint Watertightness
10. The joints should be clean and dry before applying the joint sealer. Only ___________joint
sealers should be used.
Separation Distance from a Limiting Condition
11. Placement of the infiltration surface in the soil profile is determined by ___________________.
12. Most current onsite wastewater system codes require minimum separation distances of at least
______________ inches from the seasonally high water table or saturated zone irrespective of soil
characteristics.
13. Generally, ___________________ foot separation distances have proven to be adequate in
removing most fecal coliforms in septic tank effluent.
14. A few studies have shown that separation distances of ________________inches are sufficient
to achieve good fecal coliform removal if the wastewater receives additional pretreatment prior to
soil application.

Answers
1. Identify site component locations, 2. Required pipe slopes, 3. Site evaluations, 4. Several additional site
evaluation factors, 5. Flotation prevention, 6. 6,000, 7. Infiltration, 8. Drainage swales or depressions, 9. A
uniform bearing surface, 10. High-quality, 11. Treatment and hydraulic performance requirements, 12. 18, 13.
2 to 4, 14. 12 to 18
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Chapter 4- WASTEWATER COLLECTION SECTION
Section Focus: You will learn the basics of the wastewater collection. At the end of this section,
you the student will be able to describe the basics of the gravity collection system. There is a post
quiz at the end of this section to review your comprehension and a final examination in the
Assignment for your contact hours.
Scope/Background: As an onsite or OSSF operator, you will need knowledge of many different
concerns of the collections and wastewater treatment systems in order to properly identify the
problem. Master’s level knowledge of the collection system is essential for all OSSF operators.

Collection System and its Purpose
Every house, restaurant, business, and industry produces waste. Wastewater collection protects
public health and the environment by removing this infectious waste and recycling the water. A
network of interconnected pipes accepts the flow from each building's sewer connection and
delivers it to the treatment facilities. In addition to what homes and businesses flush down the
drain, the system also collects excess groundwater, infiltration liquids, and inflow water.
Wastewater collection is therefore a comprehensive liquid waste removal system.
The fluid waste distributed through this system is about 98% water. The waste floats on, is carried
along by, and goes into suspension or solution in water. Possible waste includes anything that
can be flushed down the drain--human excretion, body fluids, paper products, soaps and
detergents, foods, fats, oil, grease, paints, chemicals, hazardous materials, solvents, disposable
and flushable items; the list is almost infinite. This mixture of water and wastes is called
"wastewater." In the past, it was known as "sewage," but this term is now falling out of favor
because it refers specifically to domestic sanitary wastewater, like toilet flushing, which represents
only a portion of the entire fluid waste content.
"Wastewater" is a more accurate description and has become the standard term for this fluid
waste because it encompasses the total slurry of wastes in water that is gathered from homes
and businesses.
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Collection System Defined
A system composed of gravity pipes, manholes, tanks, lift stations, control structures, and force
mains that gather used water from residential and nonresidential customers and convey the flow
to the wastewater treatment plant.
Wastewater systems collect and dispose of household wastewater generated from toilet use,
bathing, laundry, and kitchen and cleaning activities.
Any structure with running water, such as a house or office, must be connected to one of the
following wastewater disposal systems:
 Centralized systems are public sewer systems that serve established towns and cities
and transport wastewater to a central location for treatment.
 Decentralized systems do not connect to a public sewer system. Wastewater may be

treated on site or may be discharged to a private treatment plant.
Centralized Systems
Large-scale public sewer systems (municipal wastewater treatment plants) are centralized
systems. These systems generally serve established cities and towns and may provide treatment
and disposal services for neighboring sewer districts. Where appropriate, centralized systems are
preferred to decentralized systems, as one centralized system can take the place of several
decentralized systems. Centralized systems are more economical, allow for greater control,
require fewer people, and produce only one discharge to monitor instead of several. However,
decentralized systems can be useful, and this option should be evaluated on a case-by-case
basis.
Decentralized Systems
Homes and other buildings that are not served by public sewer systems depend on decentralized
septic systems to treat and dispose of wastewater. Most decentralized systems are on-site
systems (wastewater is treated underground near where it is generated).
On-site systems are the most common wastewater treatment system used in rural areas. These
systems can be a single septic system and drainfield serving one residence or a large soil
absorption system serving an entire subdivision. Wastewater in decentralized systems can also
be treated by a small, private wastewater treatment plant. These plants can have similar treatment
processes and equipment as centralized systems but on a smaller scale.
Sewer Main
In a centralized wastewater treatment system, the sewer to which sewer connections are made
from individual residences.
Trunk Lines
Sewer pipes measuring more than 12 inches in diameter and having a capacity of 1 to 10 million
gallons per day. Trunk lines connect smaller sewer pipes, or collectors, to the largest transport
pipes or interceptors.
Collectors
Small sewer pipes measuring twelve inches or less in diameter.
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Gravity Sewage Collection System
Publicly owned treatment works (POTWs) collect wastewater from homes, commercial buildings,
and industrial facilities and transport it via a series of pipes, known as a collection system, to the
treatment plant.
Collection systems may flow entirely by gravity, or may include lift stations that pump the
wastewater via a force main to a higher elevation where the wastewater can then continue on via
gravity. Ultimately, the collection system delivers this sewage to the treatment plant facility. Here,
the POTW removes harmful organisms and other contaminants from the sewage so it can be
discharged safely into the receiving stream.

New sewer manhole with sewer mains before final burial.
Without treatment, sewage creates bad odors, contaminates water supplies, and spreads
disease. Today, more than 16,000 sewage treatment plants exist in the U.S. treating more
than 32 billion gallons per day of wastewater.

Modern sewer vactor or Camel. It is wise to make friends with the collection crews.
The collection crews can greatly assist you in your enforcement efforts and can tell you
lots of information, only if you develop a relationship with them.
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Combined Sewer Overflows (CSOs)
Combined sewer systems are designed to collect both sanitary wastewater and storm water
runoff. During dry weather, combined sewers carry sanitary waste to a POTW. During wet
weather, the combined sanitary waste and storm water can overflow and discharge untreated
wastewater directly to a surface water through a combined sewer overflow (CSO).
In 1994, the EPA published a CSO Control Policy (59 FR 18688). CSOs are regulated as point
sources, and require NPDES permits.
The CSO Control Policy includes Nine Minimum Controls (NMC) for CSO management, which
are requirements for any CSO NPDES Permit:
 Proper operation and regular maintenance programs for the sewer system and the CSOs;
 Maximum use of the collection system for storage;
 Review and modification of pretreatment requirements to ensure that CSO impacts are
minimized;
 Maximization of flow to the POTW for treatment;
 Prohibition of CSOs during dry weather;
 Control of solid and floatable materials in CSOs;
 Establishment of pollution prevention programs;
 Public notification to ensure that the public receives adequate notification of CSO
occurrences and CSO impacts;
 Monitoring to effectively characterize CSO impacts and the efficacy of CSO controls.
Development of a Long Term Control Plan (LTCP) is also required for management of CSOs. For
more information, visit the EPA Wet Weather information page, which includes a graphic
representation of Urban Wet Weather Flows.

A Vactor clearing a Manhole.
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Onsite - Collection System Operators’ Purpose
Collection system operators are charged with protecting public health and the environment, and
therefore must have documented proof of their certifications in the respective wastewater
management systems. These professionals ensure that the system pipes remain clear and open.
They eliminate obstructions and are constantly striving to improve flow characteristics. They keep
the wastewater moving underground, unseen and unheard. Because this wastewater collection
system and the professionals who maintain it operate at such a high level of efficiency, problems
are very infrequent. So much so that the public often takes the wastewater collection system for
granted. In truth, these operators must work hard to keep it functioning properly.
Centralized sewer systems are generally broken out into three different categories: sanitary
sewers, storm sewers, and combined sewers. Sanitary sewers carry wastewater or sewage from
homes and businesses to treatment plants. Underground sanitary sewer pipes can clog or break,
causing unintentional "overflows" of raw sewage that flood basements and streets. Storm sewers
are designed to quickly get rainwater off the streets during rain events.
Chemical, trash and debris from lawns, parking lots, and streets are washed by the rain into the
storm sewer drains. Most storm sewers do not connect with a treatment plant, but instead drain
directly into nearby rivers, lakes, or oceans. Combined sewers carry both wastewater and storm
water in the same pipe. Most of the time, combined sewers transport the wastewater and storm
water to a treatment plant.
However, when there is too much rain, combined sewer systems cannot handle the extra volume
and designed "overflows" of raw sewage into streams and rivers occur. The great majority of
sewer systems have separated, not combined, sanitary and storm water pipes.
Leaking, overflowing, and insufficient wastewater collection systems can release untreated
wastewater into receiving waters. Outdated pump stations, undersized to carry sewage from
newly developed subdivisions or commercial areas, can also create a potential overflow hazard,
adversely affecting human health and degrading the water quality of receiving waters. The
maintenance of the sewer system is therefore a continuous, never-ending cycle.
As sections of the system age, problems such as corroded concrete pipe, cracked tile, lost joint
integrity, grease, and heavy root intrusion must be constantly monitored and repaired. Technology
has improved collection system maintenance with such tools as television camera assisted line
inspection equipment, jet-cleaning trucks, and improvements in pump design. Because of the
increasing complexity of wastewater collection systems, collection system maintenance is
evolving into a highly skilled trade.
According to a recent Clean Water Needs Survey conducted by the USEPA, the U.S. will have to
invest more than $10 billion to upgrade existing wastewater collection systems, over $20 billion
for new sewer construction, and nearly $44 billion to improve sewer overflows, to effectively serve
the projected population. As the infrastructure in the United States and other parts of the world
ages, increasing importance is being placed on rehabilitating wastewater collection systems.
Cracks, settling, tree root intrusion, and other disturbances that develop over time deteriorate
pipelines and other conveyance structures that comprise wastewater collection systems,
including stormwater, sanitary, and combined sewers.
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Collections Daily Operations
The Sewer Cleaning Truck above is 38 feet long and 9 feet wide. The attached tank has a capacity
of 1500 gallons and can hold 10 cubic yards of debris. The truck is equipped with a high pressure
cleaning head that can move 800 feet down a sanitary line at 2500 PSI.
Out of sight, out of mind—that's your sanitary sewer collection system. Until there comes that
inevitable emergency call due to a stoppage, then you have upset residents with sewage backed
up in their toilets. A very economical and quick method of determining if a new sewer line is
straight and unobstructed is called “Lamping” and can be done with a mirror and a bright source
of light, for example a headlight at night or sunlight.
Video inspection coupled with a good cleaning program can be a highly effective maintenance
tool. By cleaning and root sawing your lines, restrictions caused by debris, roots and grease
buildup can be prevented—thus drastically reducing the number of emergency backups and
surcharge calls.
Sewage collection systems that have video inspection closed circuit television (CCTV) and
cleaning programs, report drastic reductions in the number of emergency calls because the
system was cleaned and potential trouble spots were located prior to problems occurring.
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Top photograph, new manhole. Bottom, a repaired sewer main after being damaged by
the water distribution department using a backhoe without locates.
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Rule to Protect Communities from Overflowing Sewers
The Environmental Protection Agency (EPA) has clarified and expanded permit
requirements under the Clean Water Act for 19,000 municipal sanitary sewer collection
systems in order to reduce sanitary sewer overflows.
The requirements will help communities improve some of our Nation’s most valuable
infrastructure –our wastewater collection systems–by requiring facilities to develop and
implement new capacity, management, operation, and maintenance programs and public
notification programs.
The 19,000 systems covered by this rule include 4,800 municipal satellite collection
systems that will be directly regulated under the Clean Water Act for the first time. These
requirements will result in fewer sewer overflows, leading to healthier communities, fewer
beach closures, and fish and shellfish that are safer to eat.

Various damage from undesirable materials in the sewer system. Bottom, heavy grease
from not being regularly pumped. Photograph credit John Bougham.
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The complexity and expense associated with a utility's CMOM or MOM programs
is specific to the size and complexity of the Publicly Owned Treatment Works
(POTW) and related infrastructure. Factors such as population growth rate and
soil/groundwater conditions also dictate the level of investment that should be
made.
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Understanding the Gravity Sanitary Sewer System
A Sanitary Sewer has Two Main Functions:



To convey the designed peak discharge.
Transport solids so that the deposits are kept at a minimum.

Sanitary sewers are designed to transport the wastewater by utilizing the potential energy
provided by the natural elevation of the earth resulting in a downstream flow. This energy,
if not designed properly, can cause losses due to free falls, turbulent junctions, and sharp
bends. Sewer systems are designed to maintain proper flow velocities with minimum head
loss. However, higher elevations in the system may find it necessary to dissipate excess
potential energy.
Design flows are based on the quantity of wastewater to be transported. Flow is
determined largely by population served, density of population, and water consumption.
Sanitary sewers should be designed for peak flow of population. Stormwater inflow is
highly discouraged and should be designed separate from the sanitary system.
Gravity-flow sanitary sewers are usually designed to follow the topography of the land and
to flow full or nearly full at peak rates of flow and partly full at lesser flows. Most of the time
the flow surface is exposed to the atmosphere within the sewer and it functions as an open
channel. At extreme peak flows the wastewater will surcharge back into the manholes.
This surcharge produces low pressure in the sewer system.
In order to design a sewer system, many factors are considered. The purpose of this topic
is to aid in the understanding of flow velocities and design depths of flow. The ultimate
goal for our industry is to protect the health of the customers we serve. This is achieved
by prevention of sewer manhole overflows.
Sewer System Capacity Evaluation - Testing and Inspection
The collection system owner or operator should have a program in place to periodically
evaluate the capacity of the sewer system in both wet and dry weather flows and ensure
the capacity is maintained as it was designed. The capacity evaluation program builds
upon ongoing activities and the everyday preventive maintenance that takes place in a
system.
The capacity evaluation begins with an inventory and characterization of the system
components. The inventory should include the following basic information about the
system:
• Population served
• Total system size (feet or miles)
• Inventory of pipe length, size, material and age, and interior and exterior condition as
available
• Inventory of appurtenances such as bypasses, siphons, diversions, pump stations,
tide or flood gates and manholes, etc., including size or capacity, material and age,
and condition as available
• Force main locations, length, size and materials, and condition as available
• Pipe slopes and inverts
• Location of house laterals - both upper and lower
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The system then undergoes general inspection which serves to continuously update and
add to the inventory information.
Capacity Limitations
The next step in the capacity evaluation is to identify the location of wet weather related
SSOs, surcharged lines, basement backups, and any other areas of known capacity
limitations. These areas warrant further investigation in the form of flow and rainfall
monitoring and inspection procedures to identify and quantify the problem. The reviewer
should ensure that the capacity evaluation includes an estimate of peak flows
experienced in the system, an estimate of the capacity of key system components, and
identification of the major sources of I/I that contribute to hydraulic overloading events.
The capacity evaluation should also make use of a hydraulic model. This model will
help identify areas where there is a need to alleviate capacity limitations. Short and long
term alternatives to address hydraulic deficiencies should be identified, prioritized, and
scheduled for implementation. A sewer inspection is an important part of a sewer system
capacity evaluation and determining your options or alternatives.
Flow Monitoring
Fundamental information about the collection system is obtained by flow monitoring. Flow
monitoring provides information on dry weather flows as well as areas of the collection
system potentially affected by I/I. Flow measurement may also be performed for billing
purposes, to assess the need for new sewers in a certain area, or to calibrate a model.
There are three techniques commonly used for monitoring flow rates:
(1) permanent and long-term,
(2) temporary, and
(3) instantaneous.
Permanent installations are done at key points in the collection system such as the
discharge point of a satellite collection system, pump stations, and key junctions.
Temporary monitoring consists of flow meters typically installed for 30-90 days.
Instantaneous flow metering is performed by collection system personnel, one reading is
taken and then the measuring device is removed.
The collection system owner or operator should have a flow monitoring plan that describes
their flow monitoring strategy, or should at least be able to provide the following
information:
• Purpose of the flow monitoring
• Location of all flow meters
• Type of flow meters
• Flow meter inspection and calibration frequency
Flow Monitoring Plan
A flow monitoring plan should provide for routine inspection, service, and calibration
checks (as opposed to actual calibration). In some cases, the data is calibrated rather than
the flow meter. Checks should include taking independent water levels (and ideally
velocity readings), cleaning accumulated debris and silt from the flow meter area,
downloading data (sometimes only once per month), and checking the desiccant and
battery state. Records of each inspection should be maintained.
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Infiltration and Inflow Sub-Section
What is Infiltration/Inflow (I/I)?
Infiltration occurs when groundwater enters the sewer system through cracks, holes,
faulty connections, or other openings. Inflow occurs when surface water such as storm
water enters the sewer system through roof downspout connections, holes in manhole
covers, illegal plumbing connections, or other defects.

The sanitary sewer collection system and treatment plants have a maximum flow capacity
of wastewater that can be handled. I/I, which is essentially clean water, takes up this
capacity and can result in sewer overflows into streets and waterways, sewer backups in
homes, and unnecessary costs for treatment of this water. It can even lead to unnecessary
expansion of the treatment plants to handle the extra capacity. These costs are passed
on to the consumer.
I&I (Infiltration and Inflow)
 Infiltration is water (typically groundwater) entering the sewer underground
through cracks or openings in joints.
 Inflow is water (typically stormwater or surface runoff) that enters the sewer from
grates or unsealed manholes exposed to the surface.
Determining I/I
Flow monitoring and flow modeling provide measurements and data used to determine
estimates of I/I. Flow meters are placed at varying locations throughout the sewer collection
system to take measurements and identify general I/I source areas. Measurements taken
before and after a precipitation event indicate the extent that I/I is increasing total flow. Both
infiltration and inflow increase with precipitation. Infiltration increases when groundwater
rises from precipitation, and inflow is mainly stormwater and rainwater. Rainfall monitoring is
also performed to correlate this data.
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Identifying Sources of I/I
A Sewer System Evaluation Survey (SSES) involves inspection of the sewer system using
several methods to identify sources of I/I:
Visual inspection - accessible pipes, gutter and plumbing connections, and manholes are
visually inspected for faults.
Smoke testing – smoke is pumped into sewer pipes. Its reappearance aboveground
indicates points of I/I. These points can be on public property such as along street cracks or
around manholes, or on private property such as along house foundations or in yards where
sewer pipes lay underground.
TV inspection – camera equipment is used to do internal pipe inspections. The City will
usually have one 2-3 person crew that can perform TV inspection on over 20 miles of sewer
pipe per year.
Dye testing – Dye is used at suspected I/I sources. The source is confirmed if the dye
appears in the sewer system.
Sources of I/I are also sometimes identified when sewer backups or overflows bring attention to
that part of the system. The purpose of the SSES is to reduce these incidences by finding sources
before they cause a problem.

I/I Source Treatments
Repair techniques include manhole wall spraying, trenchless sewer pipe relining, manhole frame and
lid replacement, and disconnecting illegal plumbing, drains, and roof downspouts.
Structural problems can cause major headaches. CCTV is one of the best tools available to check
the condition of your buried assets. During CCTV field inspections, pipe defects and maintenance
issues are discovered and classified using a standardized coding system. Following data analysis,
structural condition information is used to estimate a pipe’s performance, remaining useful life and to
plan for the future and make decisions about pipe repair or replacement.
CCTV inspections also reveal maintenance issues, which aid the manager in making any necessary
operation or maintenance changes.
 Collapses
 Fractures
 Sags
 Infiltration
 Inflow
Hydraulic Capacity
Hydraulic capacity is a primary performance measure for a wastewater collection system. Capacity
(both hydraulic and treatment) can be taken up by clean water entering the sewer collection system.
It may be obvious, based on dry weather and wet weather flows, that rainwater or groundwater inflow
or infiltration (I/I) is a problem.
CCTV evaluation can determine the specific location and cause of I/I in many cases, however, flow
data gathered by flow meters has been used to guide sewer system capacity management for
decades.
Flow data can be used as a tool in condition assessment either to identify areas for further CCTV
inspection or to quantify the severity of I/I identified during CCTV work.
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Excess flow
Infiltration
Inflow

Fortunately, there are several actions you can take after a manhole inspection reveals I&I.
Here are a few:
1. Replace the manhole covers.
a. Cost – approximately $200 per cover.
b. I&I reduction could be $350 per year or more if the covers are submerged during rain
events.
2. Chemical grouting to seal up leaky joints.
a. Cost – $500 and up.
b. Reduction could be as much as $5,000 per year per manhole.
3. Line the manhole.
a. Cost – approximately $3,000.
b. Could reduce costs by $20,000 per year per manhole.

Efficient Identification of Excessive I/I
The owner or operator should have in place a program for the efficient identification of excessive
I/I. The program should look at the wastewater treatment plant, pump stations, permanent meter
flows, and rainfall data to characterize peaking factors for the whole system and major drainage
basins. The reviewer should evaluate the program, including procedures and records associated
with the flow monitoring plan. Temporary meters should be used on a “roving” basis to identify
areas with high wet weather flows. Areas with high wet weather flows should then be subject to
inspection and rehabilitation activities.
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Sewer System Inspection

ELEVATION SURVEY
Visual inspection of manholes and pipelines is the first line of defense in the
identification of existing or potential problem areas. Visual inspections should take
place on both a scheduled basis and as part of any preventive or corrective
maintenance activity.
Visual inspections provide additional information concerning the accuracy of system
mapping, the presence and degree of Infiltration and Inflow problems, and the
physical state-of-repair of the system. By observing the manhole directly and the
incoming and outgoing lines with a mirror, it is possible to determine structural
condition, the presence of roots, condition of joints, depth of debris in the line, and
depth of flow.
The reviewer should examine the records of visual inspections to ensure that the
following information is recorded:
• Manhole identification number and location.
• Cracks or breaks in the manhole or pipe (inspection sheets and/or logs should
record details on defects.)
• Accumulations of grease, debris, or grit
• Wastewater flow characteristics (e.g., flowing freely or backed up.)
• Inflow - Infiltration (presence of clear water in or flowing through the manhole.)
• Presence of corrosion.
• Offsets or misalignments.
• Condition of the frame.
• Evidence of surcharge.
• Atmospheric hazard measurements (especially hydrogen sulfide.)
• If repair is necessary, a notation as to whether a work order has been issued.
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Sewer System Testing
Sewer system testing techniques are often used to identify leaks which allow unwanted
infiltration into the sewer system and determine the location of illicit connections and other
sources of stormwater inflow.
Two commonly implemented techniques include smoke testing and dyed water testing.
Regardless of the program(s) implemented by the owner or operator, the reviewer should
evaluate any procedures and records that have been established for these programs.

The reviewer should also evaluate any public relations program and assess how the owner or
operator communicates with the public during these tests (i.e., when there is a possibility of
smoke entering a home or building).
Smoke testing is a relatively inexpensive and quick method of detecting sources of inflow in sewer
systems, such as down spouts, or driveway and yard drains, and works best for detecting cross
connections and point source inflow leaks.
Smoke testing is not typically used on a routine basis, but rather when evidence of excessive I/I
already exists. With each end of the sewer of interest plugged, smoke is introduced into the test
section. Sources of inflow can then be identified when smoke escapes through them.
Areas Usually Smoke Tested
• Drainage paths
• Ponding areas
• Cellars
• Roof leaders
• Yard and area drains
• Fountain drains
• Faulty service connections
• Abandoned building sewers
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If the collection system owner or operator implements a regular program of smoke testing, the
program should include a public notification procedure.
The owner or operator should also have procedures to define:
• How line segments are isolated.
• The maximum amount of line to be smoked at one time.
• The weather conditions in which smoke testing is conducted (i.e., no rain or snow, little wind
and daylight only).
The results of positive smoke tests should be documented with carefully labeled photographs.
Building inspections are sometimes conducted as part of a smoke testing program and, in some
cases, may be the only way to find illegal connections. If properly connected to the sanitary sewer
system, smoke should exit the vent stacks of the surrounding properties. If traces of the smoke or its
odor enter the building, it is an indication that gases from the sewer system may also be entering.
Building inspections can be labor intensive and require advanced preparation and communication
with the public.

Dye Testing
Dyed water testing may be used to establish the connection of a fixture or appurtenance to the sewer.
It is often used to confirm smoke testing or to test fixtures that did not smoke. As is the case with
smoke testing, it is not used on a routine basis, but rather in areas that have displayed high wet
weather flows. Dyed water testing can be used to identify structurally damaged manholes that might
create potential I/I problems. This is accomplished by flooding the area close to the suspected
manholes with dyed water and checking for entry of dyed water at the frame-chimney area, cone or
corbel, and walls of the manhole.
Sewer System Inspection
Visual inspection of manholes and pipelines is the first line of defense in the identification of existing
or potential problem areas. Visual inspections should take place on both a scheduled basis and as
part of any preventive or corrective maintenance activity. Visual inspections provide additional
information concerning the accuracy of system mapping, the presence and degree of I/I problems,
and the physical state-of-repair of the system. By observing the manhole directly and the incoming
and outgoing lines with a mirror, it is possible to determine structural condition, the presence of roots,
condition of joints, depth of debris in the line, and depth of flow.
The reviewer should examine the records of visual inspections to ensure that the following
information is recorded:
• Manhole identification number and location.
• Cracks or breaks in the manhole or pipe (inspection sheets and/or logs should record
details on defects.)
• Accumulations of grease, debris, or grit
• Wastewater flow characteristics (e.g., flowing freely or backed up.)
• Inflow - Infiltration (presence of clear water in or flowing through the manhole.)
• Presence of corrosion.
• Offsets or misalignments.
• Condition of the frame.
• Evidence of surcharge.
• Atmospheric hazard measurements (especially hydrogen sulfide.)
• If repair is necessary, a notation as to whether a work order has been issued.

230
TLC OSSF ©1/1/2021

(866) 557-1746

Inflow and Infiltration Calculation/Determination Terms
Average Annual Flow - The total annual volume divided by 365 days. This value is
approximated by the mean of the twelve monthly average flows.
Average Annual Infiltration - The average of the monthly minimum flows.
Average Annual Inflow - From the average annual flow, subtract the base sanitary flow
and average annual infiltration.
Average Dry Weather Flow (ADW) - Flow during a period of extended dry weather (7 to
14 days) and seasonally high groundwater. Flow includes sanitary flow and infiltration,
and excludes significant industrial and commercial flows (assumes no inflow during dry
weather conditions).
Base Sanitary Flow (BSF) - The portion of wastewater which includes domestic,
commercial, institutional, and industrial sewage and specifically excludes infiltration and
inflow. (See Estimating Base Flow, below).
Delayed Inflow volume - The portion of total inflow which is generated from indirect
connections to the collection system or connections which produce inflow after a
significant time delay from the beginning of a storm. Delayed inflow sources include: sump
pumps, foundation drains, indirect sewer/drain cross-connections, etc. Rainfall induced
infiltration cannot be distinguished from delayed inflow and is therefore included as part of
delayed inflow. Delayed inflow sources have a gradual impact on the collection system
and flow decreases gradually upon conclusion of the rainfall event, and after peak inflow
caused by direct connections.
Direct Inflow Volume- The portion of total inflow volume which is from direct connections
to the collection system such as catch basins, roof leaders, manhole covers, etc. These
inflow sources allow stormwater runoff to rapidly impact the collection system.
Dry Weather Flow (DWF) - All flow in a sewer (includes sanitary flow and infiltration)
except that caused directly by rainfall. Measured during a period of extended dry weather
(7 to 14 days) and seasonally high groundwater. Groundwater
Infiltration (GWI) – Measured during average dry weather flow period (see above). The
average of the low nighttime flows (midnight to 6 am) per day for the same time period,
minus significant industrial or commercial nighttime flows.
Hydrograph - A graph showing stage (the height of a water surface above an established
datum plane), flow, velocity, or other property of water with respect to time. Infiltration Water other than sanitary wastewater that enters a sewer system from the ground through
defective pipes, pipe joints, connections, or manholes. Infiltration does not include inflow.
Inflow - Water other than sanitary wastewater that enters a sewer system from sources
such as roof leaders, cellar/foundation drains, yard drains, area drains, drains 4 from
springs and swampy areas, manhole covers, cross connections between storm sewers
and sanitary sewers, and catch basins. Inflow does not include infiltration.
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Inflow volume - The total volume of inflow from a single storm event including both direct
and delayed inflow. Total inflow is the area between the storm event hydrograph and the
dry weather hydrograph.
Maximum Daily Flow - The highest flow during a 24 hour period.
Maximum Daily Infiltration - The highest daily flow at seasonal high groundwater after a
dry period of three days or more minus the base sanitary flow.
Maximum Weekly Infiltration - The highest 7 day average flow at high groundwater after
a dry period of three or more days minus the base sanitary flow.
Maximum Monthly Infiltration - The highest monthly average flow during dry or minimal
rain period minus the base sanitary flow.
Maximum Daily Inflow - The highest daily wet weather flow minus the base sanitary flow
and the infiltration prior to the rain event.
Maximum Weekly Inflow (includes delayed infiltration) - The highest 7 day average wet
weather flow minus the base sanitary flow and the infiltration prior to the rain event.
Maximum Monthly Inflow - The highest monthly flow after subtracting the base sanitary
flow and infiltration.
Peak Hourly Dry Weather Flow - The highest one hour flow after a dry period of three or
more days.
Peak Hourly Inflow - The highest one hour flow rate during wet weather minus the base
sanitary flow and the infiltration prior to the rain event.
Peak Hourly Wet Weather Flow – The highest one hour flow during a significant rain
event.
Peak Infiltration- The highest nighttime (midnight to 6 am) flow during high groundwater
(usually in early spring).
Peak Instantaneous Wet Weather Flow - The peak flow during a significant rain event
day when the ground water is seasonally high.
Peaking Factor - The ratio of peak hourly flow to average daily flow.
Rainfall-Induced Infiltration - The short-term increase in infiltration which is the result of
a rain event. Rainfall-induced infiltration is a portion of delayed inflow.
Wet Weather Flow- The highest daily flow during and immediately after a significant storm
event. Includes sanitary flow, infiltration and inflow.
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Monitoring Flows
The sanitary portion of the wastewater flow can be estimated through two methods, which
can be used to ‘check’ each other - flow meter data and water consumption (if all sewer
customers are on metered water). The first method is to analyze the wastewater flow data
at the treatment facility during a dry weather period of 7 to 14 days. It is useful to choose
the dry weather period during seasonal high water as you will be able to determine the
peak infiltration rate at the same time.
From the flow data, calculate the average daily flow for the dry weather period (Average
Dry Weather – ADW - flow). The base sanitary flow (BSF) can be estimated by subtracting
the groundwater infiltration (GWI) flow from the average daily dry weather wastewater
(ADW) flow. (See Estimating Infiltration below).
In the second method, water usage records can be used to estimate the base sanitary
flow for the sewered population. The best time to estimate flow using this method would
be when outdoor water uses are low and wastewater from a residential area can be
assumed to be the same as the billed water use. In the northeast, this would typically be
in the winter months prior to landscaping and swimming pool use. Groundwater infiltration
can be estimated as the difference between the monitored wastewater flow and the billed
water use.
Estimating Infiltration
Groundwater infiltration (GWI) can be estimated from influent flow data collected during a
dry weather period at high groundwater. The dry weather period selected should be the
same period as for estimating the BSF, however, it is more important to estimate GWI
during high seasonal ground water. Dry weather is defined as when it has been at least
three days without a rain event. During dry weather, inflow is expected to be zero.
During seasonal high groundwater, which usually occurs after snow melt and soil thaw,
infiltration will be at its highest. During this period, the infiltration rate can be quantified by
averaging the nighttime flows (midnight to 6 am) over several days, during dry weather
conditions. The nighttime flows can be assumed to be mostly groundwater (after
subtracting significant industrial or commercial nighttime flows). In most cases, the GWI
rate will approximate the maximum weekly infiltration. The maximum daily infiltration will
be higher and maximum monthly infiltration will be lower.
Estimating Inflow
Inflow represents the influence of wet weather on the sewer system and is calculated by
subtracting out the sanitary wastewater and infiltration flow during a time that the system
has been influence by rain.
Flow data during a significant storm event should be compared to the dry weather data
immediately preceding the storm when groundwater conditions are similar. The rate and
volume of inflow can be estimated by subtracting the base sanitary flow and infiltration
flow data from the wet weather flow data. The peak inflow rate and the total inflow volume
can be calculated from the flow records.
The peak inflow rate is the largest rate difference, over a one hour period, between the
storm event flow data and the dry weather flow prior to the event.
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The total inflow volume from a storm event can be apportioned into two components: direct
inflow and delayed inflow.
Direct inflow is the portion of the inflow which rapidly increases soon after the start of the
storm and decreases swiftly upon conclusion of the event. The time it takes for inflow from
the nearest sub-basin to reach the treatment facility can be estimated as the time
difference between initiation of the storm event and the increase in observed flow. The
direct inflow ends at a time after the conclusion of the storm approximately equal to the
inflow response time from the furthest sub-basin.
Delayed inflow is the portion of the inflow which decreases gradually upon conclusion of
the storm and after the peak inflow caused by direct connections.
Delayed inflow is the inflow beginning at the conclusion of direct inflow and ending at a
time when dry weather flow resumes. It is expected that a portion of the delayed inflow
includes rainfall-induced infiltration.
In some cases, a second storm will impact the flow data before dry weather flow resumes.
When this occurs, the expected delayed inflow can be extrapolated from the flow data
collected prior to the second storm.
Estimating Infiltration and Inflow (I&I)
Maximum monthly I&I rate can be estimated by subtracting the BSF from the maximum
monthly average flow. Average annual I&I rate can be estimated by subtracting the BSF
rate from average annual flow rate. Annual I&I volume can be estimated by multiplying the
average annual I&I rate by 365 days.
Sewer Flow Capacity
Most sewers are designed with the capacity to flow half full for less than 15 inches in
diameter; larger sewers are designed to flow at three-fourths flow. The velocity is based
on calculated peak flow, which is commonly considered to be twice the average daily flow.
Accepted standards dictate that the minimum design velocity should not be less than 2
fps (0.60 m/sec) or generally greater than 10 fps (3.5 m/sec) at peak flow.
A velocity in excess of 10 fps (3.5 m/sec) can be tolerated with proper consideration of
pipe material, abrasive characteristics of the wastewater, turbulence, and thrust at
changes of direction. The minimum velocity is necessary to prevent the deposition of
solids.
Summary
Sewers and treatment facilities are designed around expected average and maximum
flows. Excess storm and groundwater entering the sewer system through I&I robs the
system of its valuable capacity, puts a burden on operation and maintenance, and reduces
the life expectancy of the treatment facility.
Sewer surcharging, back-ups and overflows all require emergency response and
contribute to disruption of operations. Integrating I&I investigation and corrective action
into a municipality’s normal public works budget can allow an incremental approach to
continuous improvement and help defer capacity expansion projects.

234
TLC OSSF ©1/1/2021

(866) 557-1746

Low-Pressure System Description and Operation
Vacuum Sewers
Wastewater from one or more homes flows by gravity to a holding tank known as the valve pit.
When the wastewater level reaches a certain level, sensors within the holding tank open a vacuum
valve that allows the contents of the tank to be sucked into the network of collection piping. There
are no manholes with a vacuum system; instead, access can be obtained at each valve pit. The
vacuum or draw within the system is created at a vacuum station. Vacuum stations are small
buildings that house a large storage tank and a system of vacuum pumps.
Vacuum sewer systems are limited to an extent by elevation changes of the land. Rolling terrain
with small elevation changes can be accommodated, yet steep terrain would require the addition
of lift stations like those used for conventional sewer systems. It is generally recommended that
there be at least 75 properties per pump station for the use of a vacuum sewer system to be cost
effective.
This minimum property requirement tends to make vacuum sewers most conducive for small
communities with a relatively high density of properties per acre. The maintenance and operation
of this system requires a full-time system operator with the necessary training. This can make the
operation and maintenance costs of vacuum sewers exceed those of other systems.
Applications
Vacuum collection and transportation systems can provide significant capital and ongoing
operating cost advantages over conventional gravity systems, particularly in flat terrain, high water
table, or hard rock areas. Vacuum sewer systems are installed at shallow depths, significantly
reducing excavation, shoring and restoration requirements, and minimizing the disruption to the
community. The alignment of vacuum mains is extremely flexible, without the need for manholes
at changes in grade or direction.
Vacuum sewer mains can skip over and around other services or obstacles and can be used to
achieve uphill flow. Turbulent velocities of 5 to 6m/sec are developed as the sewage and air
passes through the interface valve. This disintegrates solids and reduces the risks of sewer
blockages in a correctly designed and constructed vacuum system.
No electricity is required at the interface valve, enabling the system to be installed in virtually any
location. Fractures in gravity systems may go undetected for a long time. A leak in a vacuum
main will raise an alarm within minutes of the break. The mains have to be repaired for sewage
transport to continue, ensuring up to date maintenance and eliminating deterioration and
infiltration.
Due to the shallow depth of the installation, additional connections can be quickly and simply
made by a small construction crew, thus reducing the disruption and restoration work normally
required for conventional gravity sewers. Vacuum collection and transport systems have many
applications in industry for collecting all forms of liquid waste, including toxic and radioactive fluids.
Collection pipes may be installed above ground, overhead or in utility ducts.
The versatility of the vacuum sewer system can be employed in a variety of locations and
situations, such as:

Rural community sewerage schemes.

Industrial redevelopments.
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Camping and caravan sites.
New residential and industrial developments.
Existing towns (especially where narrow streets or congested service corridors occur).
Diversion of small sea outfalls.
Hospital effluent collection.
Airports/Shopping centers.
Railway services.
Replacement of failed gravity systems.
Petrol-chemical industry.
Food processing plants.
Roof drainage.
Retrofitting factories for the management of segregated wastestreams.
Collection of toxic and radioactive waste.
Condensate collection systems.
Factory sewerage.
Leachate from landfills.
Spillage around tank farms.
Collecting used oil and fluids.
River and lakeside communities.
Quayside redevelopments.
Arctic communities.

Vacuum Interface Valves
There is an interface between the vacuum within the
vacuum mains and the atmospheric pressure is
maintained within the vacuum interface chamber.
When sewage is entering the system from a source
and the sewage level in the chamber rises, it
pressurizes air in the 63mm sensor line. This air
pressure is transmitted by a hose to the
controller/sensor unit, which opens the valve and the
wastewater is rapidly drawn into the vacuum main.
This suction of the sewer creates a vortex in the
sump and air is drawn into the sewer with the
sewage.
As the valve opens, a pneumatic timer in the controller/sensor unit starts a pre-set time cycle. The
timer holds the valve open for sufficient time to draw all the sewage out of the sump and allows a
designated amount of air to enter the system. The interface valve is capable of serving at least
four equivalent tenements, and multiple valve chambers may be installed to serve higher flow
rates. No electricity is required at the valve chamber. The vacuum valve is automatically operated
by the pressure generated with the rising sewage level and the pneumatic timer, and actuated by
the vacuum in the sewer.
Differential air pressure is the driving force in vacuum sewer systems. The vacuum sewer lines
are under a vacuum of 16"-20" Hg (-0.5 to -0.7 bar) created by vacuum pumps located at the
vacuum station. The pressure differential between the atmospheric pressure and the vacuum in
the sewer lines of 7 to 10 psi (0.5 - 0.7 bar) provides the energy required to open the vacuum
interface valves and to transport the sewage. Sewage flows by gravity from homes into a
collection sump.
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When 10 gallons (40 liters) accumulates in the sump, the vacuum interface valve located above
the sump automatically opens and differential air pressure propels the sewage through the valve
and into the vacuum main. Sewage flows through the vacuum lines and into the collection tank at
the vacuum station.
Sewage pumps transfer the sewage from the collection tank to the wastewater treatment facility
or nearby gravity manhole. There are no electrical connections required at the home. Power is
necessary only at the vacuum station.
Valve Pit Package
The Valve Pit Package connects the homes to the vacuum sewer system. Raw sewage flows by
gravity from up to four homes into a sealed fiberglass sump. Located above the sewage sump
and surrounded by a fiberglass valve pit is a 3" (90 mm) vacuum interface valve, which is
pneumatically controlled and operated. Vacuum from the sewer line opens the valve and outside
air from a breather pipe closes it.
Sewage level sensing is remarkably simple. As the sewage level rises, air trapped in the empty
2" (50 mm) diameter sensor pipe pushes on a diaphragm in the valve's controller/sensor unit,
signaling the valve to open. When ten gallons of sewage accumulates in the sump the valve
automatically opens. The differential air pressure propels the sewage at velocities of 15-18 feet
per second (4.5 - 5.5 m/s), disintegrating solids while being transported to the vacuum station.
The valve stays open for four to six seconds during this cycle.
Atmospheric air used for transport enters through the 4" (100 mm) screened air intake on the
gravity line. There are no odors at this air inlet due to the small volumes of sewage (10 gallons 40 liters) and short detention times in the sump. The valve is 3" and designed for handling nominal
3" (75 mm) solids. Homes connected to vacuum sewers don't require any special plumbing
fixtures. Typically one valve pit package serves two homes. Install the valve pit package in the
street, if desired. With the optional traffic cast iron cover the valve pit package has a water loading
rating.
Vacuum Lines
Vacuum sewer lines are installed in narrow trenches in a saw tooth profile for grade and uphill
transport. Vacuum lines follow grade for downhill transport. Vacuum lines are slightly sloped
(0.2%) towards the collection station. Unlike gravity sewers that must be laid at a minimum slope
to obtain a 2 ft./sec. (0.6 m/s) scouring velocity, vacuum has a flatter slope since a high scouring
velocity is a feature of vacuum sewage transport.
Line Sizes
The vacuum service line from the valve to the main in the street is 3" diameter (90 mm). The
vacuum mains are 4", 6", 8" and 10" diameter (110 mm to 250 mm) schedule 40 or SDR 21
gasketed PVC pipe. PE pipe can also be used. In general, a potential vacuum loss is associated
with every lift. This limits the length of each vacuum line to about 2 to 3 miles (3 to 5 km) in flat
terrain. Elevation changes can extend or reduce this range. Longer distances are possible
depending on local topography.
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Vacuum Station
The vacuum station is similar in function to a lift station in a gravity sewer system. Sewage pumps
transfer the sewage from the collection tank, through a force main, to the treatment plant. Unlike
a lift station, the vacuum station has two vacuum pumps that create vacuum in the sewer lines
and an enclosed collection tank.
Vacuum Pumps
The vacuum pumps maintain the system vacuum in the 16" to 20" mercury vacuum (-0.5 to -0.7
bar) operating range. Vacuum pumps typically run 2 to 3 hours each per day (4 to 6 hours total)
and don't need to run continuously since the vacuum interface valves are normally closed. As
sewage enters the system, driven by air at atmospheric pressure, the system vacuum will slowly
decrease from 20" to 16" Hg. The vacuum pumps are sized to increase the system vacuum from
16" to 20" Hg in three minutes or less.
Typical vacuum pump sizes are 10, 15, and 25 horsepower (7.5, 11 and 18.6 kw). Busch rotary
vane vacuum pumps are standard. The two non-clog sewage pumps are each sized for peak flow.
The collection tank is steel or fiberglass and is sized according to flow, with typical sizes ranging
from 1,000 to 4,000 gallons (3.8 to 15 cubic meters). The incoming vacuum lines connect
individually to the collection tank, effectively dividing the system into zones. A stand-by generator
keeps the vacuum sewer system in operation during extended power outages. An automatic
telephone dialer alerts the operator to alarm conditions.

Review
Pressure Sewers
Instead of relying on gravity, pressure sewers utilize the force supplied by pumps, which deliver
the wastewater to the system from each property. Since pressure sewers do not rely on gravity,
the system’s network of piping can be laid in very shallow trenches that follow the contour of the
land.
There are two kinds of pressure sewer systems, based upon the type of pump used to provide
the pressure. Systems that use a septic tank/effluent pump combination are referred to as STEP
pressure sewers.
Like the small diameter gravity system, STEP pressure sewers utilize septic tanks to settle out
the solids; this allows for the use of piping that is extremely narrow in diameter. The effluent pump
delivers the wastewater to the sewer pipes and provides the necessary pressure to move it
through the system. The other type of pressure sewer uses a grinder pump.
Wastewater from each property goes to a tank containing a pump with grinder blades that shred
the solids into tiny particles. Both solids and liquids are then pumped into the sewer system.
Because the effluent contains a mixture of solids as well as liquids, the diameter of the pipes must
be slightly larger. However, grinder pumps eliminate the need to periodically pump the septic
tanks for all the properties connected to the system.
Both the STEP and grinder systems are installed with high water alarms. Because of the addition
of the pumps, pressure sewers tend to require more operation and maintenance than small
diameter gravity sewers.
Operators can usually be hired on a part time basis, as long as someone is on call at all times.
Operators will need training on both the plumbing and electrical aspects of the system.
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Manhole Sub-Section
Manholes should undergo routine inspection typically every one to five years. There should be a
baseline for manhole inspections (e.g., once every two years) with problematic manholes being
inspected more frequently. The reviewer should conduct visual observation at a small but
representative number of manholes for the items listed below.
There are various pipeline inspection techniques, the most common include: lamping, camera
inspection, sonar, and CCTV. These will be explained further in the following sections.
Sewer System Inspection Techniques
Sewer inspection is an important component of any maintenance program. There are a number
of inspection techniques that may be employed to inspect a sewer system. The reviewer should
determine if an inspection program includes frequency and schedule of inspections and
procedures to record the results. Sewer system cleaning should always be considered before
inspection is performed in order to provide adequate clearance and inspection results.
Additionally, a reviewer should evaluate records maintained for inspection activities, including
whether information is maintained on standardized logs, and should include:
• Location and identification of line being inspected.
• Pipe size and type.
• Name of personnel performing inspection.
• Distance inspected.
• Cleanliness of the line.
• Condition of the manhole with pipe defects identified by footage from the starting manhole.
• Results of inspection, including estimates of I/I.
When designing a wastewater system, the design engineer begins by first determining the types
and quantities of sewage to be handled. This is accomplished through a careful study of the area
to be served. The design engineer bases his design on the average daily use of water per person
in the area to be served. A typical value is 100 gallons per person per day. But, the use of water
is not constant.
Use is greater in the summer than in the winter
and greater during the morning and evening
than it is in the middle of the day or at night.
Therefore, the average daily flow (based on the
average utilization) is multiplied by a peak flow
factor to obtain the design flow.
Typical peak flow factors range from 4 to 6
times for small areas down to 1.5 to 2.5 times
for larger areas. An allowance for unavoidable
infiltration of surface and subsurface water into
the lines is sometimes added to the peak flow
to obtain the design flow.
A typical infiltration allowance is 500 gallons per inch of pipe diameter per mile of sewer per day.
From the types of sewage and the estimated design flow, the engineer can then tentatively select
the types, sizes, slopes, and distances below grade of the piping to be used for the system.
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Upon acceptance of the preliminary designs, final design may begin. During this phase,
adjustments to the preliminary design should be made as necessary, based upon additional
surveys, soil analysis, or other design factors. The final designs should include a general map of
the area that shows the locations of all sewer lines and structures.
They also should include detailed plans and profiles of the sewers showing ground elevations,
pipe sizes and slopes, and the locations of any appurtenances and structures, such as manholes
and lift stations.
Construction plans and details are also included for those appurtenances and structures.

Newly finished Manhole and Laterals
Lead and Oakum Joint, Compression Joint and No-Hub Joints
These types of joints are used to connect cast-iron soil pipes (CISP) and fittings. In lead
and oakum joints, oakum (made of hemp impregnated with bituminous compound and
loosely twisted or spun into a rope or yarn) is packed into the hub completely around the
joint, and melted lead is poured over it. In compression joints, an assembly tool is used
to force the spigot end of the pipe or fitting into the lubricated gasket inside the hub. A nohub joint uses a gasket on the end of one pipe and a stainless steel shield and clamp
assembly on the end of the other pipe.
Mortar or Bituminous Joints
This type of joint is common to vitrified clay and concrete pipes and fittings. Mortar joints
may be made of grout (a mixture of cement, sand, and water).
The use of SPEED SEAL JOINTS (rubber rings) in joining vitrified clay pipe has become
widespread. Speed seal joints eliminate the use of oakum and mortar joints for sewer
mains. This type of seal is made a part of the vitrified pipe joint when manufactured. It is
made of polyvinyl chloride and is called a plastisol joint connection
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Closed Circuit Television (CCTV) Inspection Sub-Section

Camera Inspection
Lamping involves lowering a still camera into a manhole. The camera is lined up with the
centerline of the junction of the manhole frame and sewer. A picture is the taken down the
pipe with a strobe-like flash. A disadvantage of this technique is that only the first 10-12
feet of the pipe can be inspected upstream and downstream of the access point.
Additionally, it has limited use in small diameter sewers. The benefits of this technique
include not requiring confined space entry and little equipment and set-up time is required.
Camera inspection is more comprehensive than lamping in that more of the sewer can be
viewed. A still camera is mounted on a floatable raft and released into a pipe. The camera
takes pictures with a strobe-like flash as it floats through the sewer pipe. This technique
is often employed in larger lines where access points are far apart. Similar to lamping,
portions of the pipe may still be missed using this technique.
Obviously, there also must be flow in the pipe for the raft to float. This technique also does
not fully capture the invert of the pipe and its condition. Sonar is a newer technology
deployed similarly to CCTV cameras, and described in more detail below.
The sonar emits a pulse which bounces off the walls of the sewer. The time it takes for
this pulse to bounce back provides data and an image of the interior of the pipe, including
its structural condition. A benefit of this technique is that it can be used in flooded or
inaccessible sections of the sewer. The drawback is that the technique requires heavy
and expensive equipment.
Sewer scanner and evaluation is an experimental technology where a 360-degree scanner
produces a full digital photograph of the interior of the pipe. This technique is similar to
sonar in that a more complete image of a pipe can be made than with CCTV, but not all
types of sewer defects may be identified as readily (i.e., infiltration, corrosion).
Closed Circuit Television (CCTV) Inspections
Closed Circuit Television (CCTV) inspections are a helpful tool for early detection of
potential problems. This technique involves a closed-circuit camera with a light which is
self-propelled or pulled down the pipe. As it moves it records the interior of the pipe. CCTV
inspections may be done on a routine basis as part of the preventive maintenance
program, as well as part of an investigation into the cause of I/I.
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CCTV, however, eliminates the hazards associated with confined space entry. The output
is displayed on a monitor and videotaped. A benefit of CCTV inspection is that a
permanent visual record is captured for subsequent reviews.
A remotely controlled TV camera on the top left is utilized by crews to identify and video
tape problem areas within the system. By using this equipment, staff can determine what
the cause of the problem is, what materials will be needed for repair, and where the
problem area is.
Repairs can be made quickly without digging up large areas to find and correct a problem,
as was done in the past. There are many reasons for inspecting sewer lines with a closed
circuit television (CCTV). All of the following are valid reasons; locating sources of inflow
and infiltration, locating buried manholes, and locating illegal sewer taps such as industrial
or storm drains.

The Televising Van should be equipped with two cameras, one color camera for televising
main sanitary lines and one color or black & white camera for televising house services
(connection from the main sanitary line to a house).
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Sewer Flow Measurements
Flow measurements performed for the purpose of quantifying I/I are typically separated
into three components: base flow, infiltration, and inflow. Base flow is generally taken to
mean the wastewater generated without any I/I component. Infiltration is the seepage of
groundwater into pipes or manholes through defects such as cracks, broken joints, etc.
Inflow is the water which enters the sewer through direct connections such as roof
leaders, direct connections from storm drains or yard, area, and foundation drains, the
holes in and around the rim of manhole covers, etc.
Many collection system owners or operators add a third classification: rainfall induced
infiltration (RII). RII is stormwater that enters the collection system through defects that
lie so close to the ground surface that they are easily reached. Although not from piped
sources, RII tends to act more like inflow than infiltration.
In addition to the use of flow meters, which may be expensive for a small owner or
operator, other methods of inspecting flows may be employed, such as visually monitoring
manholes during low-flow periods to determine areas with excessive I/I. For a very small
system, this technique may be an effective and low-cost means of identifying problem
areas in the system which require further investigation.

Inside a new manhole, the Invert is the inside bottom of the pipe. The Invert is used to
determine the depth which is used to determine the Rise or Slope of the pipe.
The formula for figuring the slope is: rise divided by run.
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Smoke Testing is accomplished by forcing a non-toxic smoke into the sewer system and looking
for locations where it is improperly exiting.
These locations are considered illegal connections in that they allow stormwater directly or
indirectly to enter the sanitary sewer system.
Typical illegal connections found are roof drains tied directly into the system, abandoned customer
sewer lines that were not properly capped, as well as an occasional broken sewer line.

Raising the Ring, jackhammer, install the crown, patch the street.
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Sewer Flow Capacity
Most sewers are designed with the capacity to flow half full for less than 15 inches in diameter;
larger sewers are designed to flow at three-fourths flow. The velocity is based on calculated peak
flow, which is commonly considered to be twice the average daily flow. Accepted standards
dictate that the minimum design velocity should not be less than 0.60 m/sec (2 fps) or generally
greater than 3.5 m/sec (10 fps) at peak flow. A velocity in excess of 3.5 m/sec (10 fps) can be
tolerated with proper consideration of pipe material, abrasive characteristics of the wastewater,
turbulence, and thrust at changes of direction. The minimum velocity is necessary to prevent the
deposition of solids.

Examples of various sewer flow measuring devices
The Use of a Dye at the Manhole to Determine the Velocity is Done as Follows:
1. Insert dye upstream and begin timing until the dye is first seen at the downstream
manhole (t1); and
2. Total the travel time, and the insertion time from the time the dye is no longer seen at the
downstream manhole (t2).
Once this is complete, add (t1 + t2) then divide it by 2. This will give you the total average time
for the dye. In order to calculate the velocity the travel time is divided by the distance between
manholes (note that the time needs to be converted to seconds):
Distance, ft
Velocity, ft/sec =
Average time, sec
There are devices available to measure flow measurements; they all are based on the principle
of the cross-sectional area of the flow in a sewer line. This is done by using the table below.
Once this has been determined, then the following equations can be used:
Q, cubic feet of flow = Area, sq ft multiplied by Velocity, ft/sec
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d/D
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.15

Factor
0.0013
0.0037
0.0069
0.0105
0.0174
0.0192
0.0242
0.0294
0.0350
0.0409
0.0470
0.0534
0.0600
0.0668
0.0739

d/D
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30

Factor
0.0811
0.0885
0.0961
0.1039
0.1118
0.1199
0.1281
0.1365
0.1449
0.1535
0.1623
0.1711
0.1800
0.1890
0.1982

d/D
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.44
0.45

Factor
0.2074
0.2167
0.2260
0.2355
0.2350
0.2545
0.2642
0.2739
0.2836
0.2934
0.3032
0.3130
0.3229
0.3328
0.3428

d/D
0.46
0.47
0.48
0.49
0.50
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.60

Factor
0.3527
0.3627
0.3727
0.3827
0.3927
0.4027
0.4127
0.4227
0.4327
0.4426
0.4526
0.4625
0.4724
0.4822
0.4920

This table works as follows:
To determine the cross-sectional flow for a 12-inch sewer main with a flow depth of 5 inches you
would first:
d or depth 5 inches divided by D or diameter 12 inches equals 0.42 d/D. using the table above
find the correct factor for 0.42 d/D.
The factor equals 0.3130, now calculate the cross-sectional area using the following formula:
(Factor)(Diameter, in)2
Pipe Cross-sectional Area, sq ft=
144 sq in/sq ft
(0.3130)(12 in) 2
144 sq in/sq/ft
= 0.0313 sq ft
Once the Velocity and the cross-sectional area have been determined, the calculation for flow
rate is used. This formula is as followed:
Q, cubic feet per second = (Area, sq ft) (Velocity, ft/sec)
Once this calculation is made, cubic feet can be converted to gallons by multiplying it by 7.48
gal/cubic feet and seconds can be converted to minutes, hours or days by multiplying the gallons
with the time.
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Sewer Line Mapping
The importance of maintaining accurate, current maps of the collection system cannot be overstated.
Efficient collection system maintenance and repairs are unlikely if mapping is not adequate.
Collection system maps should clearly indicate the information that personnel need to carry out their
assignments. The collection system maps
should contain information on the
following:
• Main, trunk and interceptor
sewers
• Building/house laterals
• Manholes
• Cleanouts
• Force mains
• Pump stations
• Service area boundaries
• Other landmarks (roads, water
bodies, etc.)
Collection system maps should have a
numbering system that uniquely identifies
all manholes and sewer cleanouts. The
system should be simple and easy to
understand. Manholes and sewer cleanouts should have permanently assigned numbers and
never be renumbered. Maps should also indicate the property served and reference its cleanout.
Sewer line maps should indicate the diameter, the length between the centers of manholes, and the
slope or direction of flow. The dimensions of easements and property lines should be included on
the maps. Other information that should be included on maps are access and overflow points, a
scale, and a north arrow. All maps should have the date the map was drafted and the date of the
last revision. Although optional, maps often include materials of pipe construction.
Maps may come in different sizes and scales to be used for different purposes. Detailed local maps
may be used by maintenance or repair crews to perform the duties. However, these detailed local
maps should be keyed to one overall map that shows the entire system.

Geographic Information System (GIS)
GIS technology has made the mapping and map updating process considerably more efficient. GIS
is a computerized mapping program capable of combining mapping with detailed information about
the physical structures within the collection system. If a GIS program is being used by the owner or
operator, the reviewer should ask if the program is capable of accepting information from the owner
or operator’s management program.
Specific procedures should be established for correction of errors and updating maps and drawings.
Field personnel should be properly trained to recognize discrepancies between field conditions and
map data and record changes necessary to correct the existing mapping system. Reviewers should
check to see that maps and plans are available to the personnel in the office and to field personnel
or contractors involved in all engineering endeavors.
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Key Design Characteristics
• Line locations, grades, depths, and capacities
• Maximum manhole spacing and size
• Minimum pipe size
• Pumping Station dimensions and capacities
• Drop manholes
• Flow velocities and calculations (peak flow and low-flow)
• Accessibility features
• Other technical specifications (e.g., materials, equipment)

New Sewer Construction
The owner or operator should maintain strict control over the introduction of flows into the system
from new construction. New construction may be public (i.e., an expansion of the collection system)
or private (i.e., a developer constructing sewers for a new development).
Quality sanitary sewer designs keep costs and problems associated with operations, maintenance,
and construction to a minimum. Design flaws are difficult to correct once construction is complete.
The reviewer should be aware that this has historically not been adequately addressed in some
collection systems. The owner or operator should have standards for new construction, procedures
for reviewing designs and protocols for inspection, start-up, testing, and approval of new
construction. The procedures should provide documentation of all activities, especially inspection.
Reviewers should examine construction inspection records and be able to answer the following:
• Does the volume of records seem reasonable given system size?
• Do records reflect that the public works inspectors are complying with procedures?
The state or other regulatory authority may also maintain standards for new construction. The
standards held by the owner or operator should be at least as stringent. Start-up and testing should
be in accordance with the manufacturers’ recommendations where applicable, and with recognized
industry practices. Each step of the review, start-up, testing, and approval procedures should be
documented.
The owner or operator approval procedure should reflect future ease of maintenance concerns.
After construction is complete, a procedure for construction testing and inspection should be used.
Construction supervision should be provided by qualified personnel such as a registered
professional engineer.
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Wastewater Collection Section Summary
Primary Collection System Problems
a. Fats, oil, and greases (FOG) are a major problem; this is primarily applicable to municipal
wastestreams.
b. Odors, particularly those related to sulfides (H2S), are a constant concern, as are other
mercaptans and some indoles (skatole).
c. In many wastewater streams, particularly in industrial ones, problems center on highly toxic
anions/cations that require chemical treatment of one sort or another.
d. Various POTW’s proscribe effluent limitations on phosphates, nitrates, and various other
organic entities.
Structural Sewer Problems
Structural problems can cause major headaches. CCTV is one of the best tools available to check
the condition of your buried assets. During CCTV field inspections, pipe defects and maintenance
issues are discovered and classified using a standardized coding system. Following data analysis,
structural condition information is used to estimate a pipe’s performance, remaining useful life
and to plan for the future and make decisions about pipe repair or replacement.
CCTV inspections also reveal maintenance issues, which aid the manager in making any
necessary operation or maintenance changes.
 Collapses
 Fractures
 Sags
 Infiltration
 Inflow
Hydraulic Capacity
Hydraulic capacity is a primary performance measure for a wastewater collection system.
Capacity (both hydraulic and treatment) can be taken up by clean water entering the sewer
collection system. It may be obvious, based on dry weather and wet weather flows, that rainwater
or groundwater inflow or infiltration (I/I) is a problem.
CCTV evaluation can determine the specific location and cause of I/I in many cases, however,
flow data gathered by flow meters has been used to guide sewer system capacity management
for decades.
Flow data can be used as a tool in condition assessment either to identify areas for further CCTV
inspection or to quantify the severity of I/I identified during CCTV work.
• Excess flow
• Infiltration
• Inflow
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Wastewater Collection Post Quiz
Collection System Defined
1. Decentralized systems are public sewer systems that serve established towns and cities and
transport wastewater to a central location for treatment.
A. True
B. False
2. Homes and other buildings that are not served by public sewer systems depend on
____________________ septic systems to treat and dispose of wastewater.
3. Most decentralized systems are _____________ systems (wastewater is treated underground
near where it is generated).
4. Centralized systems are more inexpensive, allow for greater control, require fewer people, and
produce
only
one
discharge
to
monitor
instead
of
several.
However,
____________________systems can be useful, and this option should be evaluated on a caseby-case basis.
5. __________________ are designed to collect both sanitary wastewater and storm water
runoff.
Collection System Operators’ Purpose
6. Collection system operators are charged with protecting public health and the environment,
and therefore must have documented proof of their certifications in the respective
____________________.
7. _____________________ and the professionals who maintain it operate at such a high level
of efficiency, problems are very infrequent.
8. Collection system operators ensure that the system pipes remain clear and open. They
eliminate obstructions and are constantly striving to improve flow characteristics. They keep the
wastewater moving underground, unseen and unheard.
A. True
B. False
9. Underground sanitary sewer pipes can clog or break, causing unplanned "overflows" of raw
sewage that flood basements and streets.
A. True
B. False
10. Storm sewers are not designed to quickly get rainwater off the streets during rain events.
A. True
B. False
11. Combined sewers deliver both wastewater and storm water in the same pipe. Most of the
time, combined sewers transport the wastewater and storm water to a treatment plant.
A. True
B. False
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12. The public often takes the wastewater collection system for granted. In truth, these operators
must work hard to keep it functioning properly.
A. True
B. False
13. When there is too much rain, combined sewer systems cannot handle the extra volume and
designed "overflows" of raw sewage into streams and rivers occur. The great majority of sewer
systems have separated, not combined, sanitary and storm water pipes.
A. True
B. False
14. The maintenance of the sewer system is a semi-continuous cycle.
A. True
B. False
15. Outdated pump stations, undersized to carry sewage from newly developed subdivisions or
commercial areas, will not create any potential overflow hazards, adversely affecting human
health and degrading the water quality of receiving waters.
A. True
B. False
Understanding Gravity Sanitary Sewers
16. Sanitary sewers are planned to transport the wastewater by utilizing the _________________
provided by the natural elevation of the earth resulting in a downstream flow.
17. Sewer systems are designed to maintain proper flow velocities with?
Sewer System Capacity Evaluation - Testing and Inspection
18. The collection system owner or operator should have a program in place to periodically
evaluate this _________________________ in both wet and dry weather flows and ensure the
capacity is maintained as it was designed.

Answers
1. False, 2. Decentralized, 3. Onsite, 4. Decentralized, 5. Combined sewer systems, 6. Wastewater
management system, 7. Wastewater collection system, 8. True, 9. True, 10. False, 11. True, 12. True, 13.
True, 14. False, 15. False, 16. Potential energy, 17. Minimum head loss, 18. Capacity of the sewer system
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Chapter 5- COLLECTION SYSTEM O&M SECTION
Section Focus: You will learn the basics of the operation and maintenance of the
collection system. At the end of this section, you the student will be able to describe the
basics of proper operation and maintenance of the wastewater collection system. There
is a post quiz at the end of this section to review your comprehension and a final
examination in the Assignment for your contact hours.
Scope/Background: As a pretreatment inspector, you will need knowledge of many
different concerns of the collections and wastewater treatment systems in order to properly
identify the pretreatment (pass-through or interference) problem. Master’s level
knowledge of the collection system is essential for all pretreatment inspectors.

Operation and maintenance of wastewater collection systems on a trouble or emergency
basis has been the usual procedure and policy in many systems. Planned operation and
preventive maintenance of the collection system has been delayed or omitted, primarily
for political or financial reasons.
Routine preventative operations and maintenance activities for wastewater collection lines
shall be performed by the system’s personnel and outside contractors. A qualified outside
contractor can also be utilized to perform hydraulic cleaning using a jet hydro-vac
combination truck and mechanical cleaning using a rodding machine. Routine operations
and maintenance activities including cleaning and removing roots from small and large
diameter lines. The system’s goal should be a minimum of cleaning between 20-30% of
the sewers every year.
Closed-circuit television (CCTV) is used to assess the condition of the sewers.
There are four types of activities that the system or a CCTV contractor can also perform:
1) inspect new work,
2) inspect condition of older portions of the wastewater collection system,
3) routine inspection of approximately 10% of the wastewater collection, and 4) problem
identification to determine the cause of selected overflow events. Manhole inspection,
manhole coating (to prevent concrete deterioration) and manhole painting (for roach
control) are also routinely performed.
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Sewer filled with grass will damage your system, pumps, and upset the wastewater
treatment system. Require your industrial users like golf courses to install grass, grease,
and sand/oil interceptors.
Certain compounds and undesirable solids, like grease and grass clippings, can disturb
this delicate balance and necessary process at the wastewater treatment facility.
There are compounds and mixtures that should never be introduced into a sanitary sewer
system. These destructive compounds include but are not limited to: cleaning solvents,
grease (both household and commercial), oils (both household and commercial),
pesticides, herbicides, antifreeze and other automotive products.
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Sewer Cleaning and Inspection Sub-Section
Inspection and testing are the techniques used to gather information to develop
operation and maintenance programs to ensure that new and existing wastewater
collection systems serve their intended purposes on a continuing basis. Inspection and
testing are necessary to do the following:





Identify existing or potential problem areas in the collection system,
Evaluate the seriousness of detected problems,
Locate the position of problems, and
Provide clear, concise and meaningful reports regarding problems.

Two major purposes of inspecting and testing are to prevent leaks from developing in the
wastewater collection system and to identify existing leaks so they can be corrected. The
existence of leaks in a wastewater collection system is a serious and often expensive
problem. When a sewer is under a water table, infiltration can take place and occupy
valuable capacity in the sewer and the downstream treatment plant. Sewers located
above a water table can exfiltrate, allowing raw wastewater to pollute soil and
groundwater.
As sewer system networks age, the risk of deterioration, blockages, and collapses
becomes a major concern. As a result, municipalities worldwide are taking proactive
measures to improve performance levels of their sewer systems. Cleaning and inspecting
sewer lines are essential to maintaining a properly functioning system; these activities
further a community’s reinvestment into its wastewater infrastructure.
Inspection Techniques
Inspection programs are required to determine current sewer conditions and to aid in
planning a maintenance strategy. Ideally, sewer line inspections need to take place during
low flow conditions. If the flow conditions can potentially overtop the camera, then the
inspection should be performed during low flow times between midnight and 5 AM, or the
sewer lines can be temporarily plugged to reduce the flow.
Most sewer lines are inspected using one or more of the following techniques:
• Closed-circuit television (CCTV).
• Cameras.
• Visual inspection.
• Lamping inspection.
Television (TV) inspections are the most frequently used, most cost efficient in the long
term, and most effective method to inspect the internal condition of a sewer. CCTV
inspections are recommended for sewer lines with diameters of 0.1-1.2 m (4 - 48 inches.)
The CCTV camera must be assembled to keep the lens as close as possible to the center
of the pipe. In larger sewers, the camera and lights are attached to a raft, which is floated
through the sewer from one manhole to the next. To see details of the sewer walls, the
camera and lights swivel both vertically and horizontally.
In smaller sewers, the cable and camera are attached to a sled, to which a parachute or
droge is attached and floated from one manhole to the next. Documentation of inspections
is very critical to a successful operation and maintenance (O&M) program.
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CCTV inspections produce a video record of the inspection that can be used for future
reference. In larger sewers where the surface access points are more than 300 1000 linear
feet apart, camera inspections are commonly performed. This method requires less power
than the CCTV, so the power cable is smaller and more manageable. Inspections using a
camera are documented on Polaroid or digital still (computer jpeg) photographs that are
referenced in a log book according to date, time, and location.
Visual inspections are vital in fully understanding the condition of a sewer system. Visual
inspections of manholes and pipelines are comprised of surface and internal inspections.
Operators should pay specific attention to sunken areas in the groundcover above a sewer
line and areas with ponding water.
In addition, inspectors should thoroughly check the physical conditions of stream
crossings, the conditions of manhole frames and covers or any exposed brickwork, and
the visibility of manholes and other structures. For large sewer lines, a walk-through or
internal inspection is recommended. This inspection requires the operator to enter a
manhole, the channel, and the pipeline, and assess the condition of the manhole frame,
cover, and chimney, and the sewer walls above the flow line.
When entering a manhole or sewer line, it is very important to observe the latest
Occupational Safety and Health Administration confined space regulations. If entering the
manhole is not feasible, mirrors can be used. Mirrors are usually placed at two adjacent
manholes to reflect the interior of the sewer line. Lamping inspections are commonly used
in low priority pipes, which tend to be pipes that are less than 20 years old.
Lamping
Lamping is also commonly used on sewer projects where funds are extremely limited. In
the lamping technique, a camera is inserted and lowered into a maintenance hole and
then positioned at the center of the junction of a manhole frame and the sewer. Visual
images of the pipe interior are then recorded with the camera.
Several specialized inspection techniques have been recently developed worldwide. This
includes: Light-line based and sonar-based equipment that measures the internal crosssectional profile of sewer systems.
Sonar technology could be very useful in inspecting depressed sewers (inverted siphons),
where the pipe is continually full of water under pressure. Melbourne Water and CSIRO
Division of Manufacturing Technology have introduced a new technology called PIRAT,
which consists of an in-pipe vehicle with a laser scanner. This instrument is capable of
making a quantitative and automatic assessment of sewer conditions. The geometric data
that is gathered is then used to recognize, identify, and rate defects found in the sewer
lines.
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Manhole Inspections - Sewer Inspections Recommendations
The information provided if employed is a good starting point for an inspection.
Manhole inspections should yield a report with the following information at a minimum:
 Exact location of the manhole;
 Diameter of the clear opening of the manhole;
 Condition of the cover and frame, including defects that would allow inflow to enter the
system;
 Whether cover is subject to ponding or surface runoff;
 The potential drainage area tributary to the defects;
 Type of material and condition of the chimney corbel cone and walls;
 Condition of steps and chimney and frame-chimney joint;
 Configuration of the incoming and outgoing lines (including drops); and
 Signs of frame-chimney leakage or damage to the frame’s seal
Additionally, the following data can be obtained by entering the manhole and using
equipment such as portable lamps, mirrors, rulers, and probe rods:
 Type of material and condition of apron and trough;
 Any observed infiltration sources and the rate of infiltration;
 Indications of height of surcharge;
 Size and type of all incoming and outgoing lines; and
 Depth of flow indications of deposition and the characteristics of flow within all
pipes.
 The condition of the manhole shaft;
 Any leakage in the channel;
 Any leakage between the manhole wall and the channel;
 Any damage or leakage where pipeline connects to the manhole; and
 Any flow obstructions.
Television Inspections
Sewer pipe inspections of small diameter sewers for infiltration are most effective when a closed
circuit television camera is employed.
Television inspections should provide the following information:
 Definitions of problem(s)
 Determine if problem is in municipal sewer or private property sewer
 Effectiveness of existing cleaning program
 Future sewer cleaning requirements
 Sewer rehabilitation needs
 Ability to assess whether trenchless technology or excavation and replacement
can solve the problem
 Ability to project repair budget
 Information to plan a permanent solution
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Planning is Required to Define the Inspections Goals.
Inspections are performed to:
 Identify maintenance problems
 Determine general sewer conditions
 Identify extraneous flows
The following data is useful to have prior to beginning the inspection:
 Sewer map or as-built plans to locate sewer
 Site specific data
 accessibility of deploying equipment at manholes
 depth of flow in sewer
 pipe diameter
 traffic connections
 safety requirement
 sewer cleaning
 sewer backup records
 sewer cleaning records
 influence of pump station discharges
 influence of industrial discharges
If such records are not available or kept, then a system to retain such information should
be established.
During the CCTV inspection the following information should be obtained:
Pipe structural condition

Pipe material

Joints

Joint interval distance

Pipe cracks

Root intrusion

Debris, sediment and/or oil and
grease

Service
connections

type

quadrant location

building number

active or inactive

rate of infiltration

Infiltration and
inflow

Alignment

Sewer types

Sewer location

Sewer surface cover
(depth)

Roadway surface material

Time of day

Weather conditions
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Inspection for Sources of Inflow
 are most readily achieved through smoke testing and/or dye testing.
Smoke Testing of Sewers is Done to Determine:
 stormwater sewer connections
 proof that buildings or residences are connected to the sanitary sewer
 illegal connections such as roof leaders or downspouts, yard drains and industrial
drains
 location of broken sewers due to settling of foundations, manholes and other
structures
 location of uncharted manholes and diversion points
Dye testing can be used to verify connections of drains to sanitary or storm sewers. Dye
testing can be used to verify the findings of smoke testing.
Suggested Inspection And Maintenance
Frequencies
Task

Frequency in
Years

Video inspection/line testing
(typical)

3 to 15

Video inspection/line testing
(problem area)

1 to 3

Field check (problem area)

1

Walk alignment

1

Manhole/line lamping (typical)

3 to 15

Manhole/line lamping (problem
area)

1 to 3

Cleaning (typical)

3 to 15

Cleaning (problem area)

0.5 to 3

System assessment

1

Source: Nelson, Richard E. “Collection System
Maintenance: How Much is Enough?” Operation Forum,
July 1996
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Sewer Cleaning Techniques and Schedules
To maintain its proper function, a sewer system needs a cleaning schedule. There are
several traditional cleaning techniques used to clear blockages and to act as preventative
maintenance tools. When cleaning sewer lines, local communities need to be aware of
EPA regulations on solid and hazardous waste as defined in 40 CFR 261. In order to
comply with state guidelines on testing and disposal of hazardous waste, check with the
local authorities.
Hydraulic cleaning developments have also been emerging on the international frontier.
France and Germany have developed several innovative flushing systems using a ‘dam
break’ concept.
Hydrass
France has developed a flushing system called the Hydrass. The design of the Hydrass
consists of a gate that pivots on a hinge to a near horizontal position. As the gate opens
and releases a flow, a flush wave is generated that subsequently washes out any
deposited sediments. Germany has also developed a similar system called GNA
Hydroself®. This is a flushing system that requires no electricity, no maintenance and no
fresh water. The Hydroself® consists of a hydraulically-operated gate and a concrete wall
section constructed to store the flush water. This system can be installed into a large
diameter sewer. There appears to be no limit on the flushing length, as more flush water
may be stored without incurring any additional construction or operating costs.
Another example of such a technology is seen in the Brussels Sewer System. A wagon
with a flushing vane physically moves along the sewer and disturbs the sediments so that
they are transported with the sewer flow.
Public Education
Although all of these methods have proven effective in maintaining sewer systems, the
ideal method of reducing and controlling the materials found in sewer lines is education
and pollution prevention. The public needs to be informed that common household
substances such as grease and oil need to be disposed in the garbage in closed
containers, and not into the sewer lines. This approach will not only minimize a
homeowner’s plumbing problems, but will also help keep the sewer lines clear.
In recent years, new methodologies and accelerated programs have been developed to
take advantage of the information obtained from sewer line maintenance operations. Such
programs incorporate information gathered from various maintenance activities with basic
sewer evaluations to create a system that can remedy and prevent future malfunctions
and failures more effectively and efficiently.
Some systems have attempted to establish a program that would optimize existing
maintenance activities to reduce customer complaints, sanitary sewer overflows, time and
money spent on sewer blockages, and other reactive maintenance activities. Their plan is
based on maintenance frequencies, system performance, and maintenance costs over a
period of time. This plan was developed using Geographical Information System (GIS)
and historical data to show areas of complaints, back-ups, and general maintenance
information for the area.
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Homeowner Sewer Diagrams
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Common Sewer Problems and Solutions Diagrams
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DAMAGED SEWER PIPE EXAMPLES

MAJOR SEWER PIPE PROBLEM DIAGRAM
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Sewer Technology Uses and Applications Diagrams

As a collection system operator, you will need knowledge of many different concerns in order to
properly identify the problem and sometimes you’ll need to order the remedy, solution or
correction.
Mechanical
Rodding
• Uses an engine and a drive unit with continuous rods or sectional rods.
• As blades rotate, they break up grease deposits, cut roots, and loosen debris.
• Rodders also help thread the cables used for TV inspections and bucket machines.
• Most effective in lines up to 12 inches in diameter.

Bucket Machine
• Cylindrical device, closed on one end with 2 opposing hinged jaws at the other.
• Jaws open and scrape off the material and deposit it in the bucket.
• Partially removes large deposits of silt, sand, gravel, and some types of solid waste.
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Hydraulic
Balling
• A threaded rubber cleaning ball that spins and scrubs the pipe interior as flow increases
in the sewer line.
• Removes deposits of settled inorganic material and grease build-up.
• Most effective in sewers ranging in size from 5-24 inches.
Flushing
• Introduces a heavy flow of water into the line at a manhole.
• Removes floatables and some sand and grit.
• Most effective when used in combination with other mechanical operations, such as
rodding or bucket machine cleaning.

Jetting
• Directs high velocities of water against pipe walls.
• Removes debris and grease build-up, clears blockages, and cuts roots within small
diameter pipes.
• Efficient for routine cleaning of small diameter, low flow sewers.
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Sewer Cleaning - Technology Applications Diagrams

Scooter
• Round, rubber-rimmed, hinged metal shield that is mounted on a steel framework on
small wheels. The shield works as a plug to build a head of water.
• Scours the inner walls of the pipe lines.
• Effective in removing heavy debris and cleaning grease from line.
Kites, Bags, and Poly Pigs
• Similar in function to the ball.
• Rigid rims on bag and kite induce a scouring action.
• Effective in moving accumulations of decayed debris and grease downstream.
Silt Traps
• Collect sediments at convenient locations.
• Must be emptied on a regular basis as part of the maintenance program.
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SEWER KITE DIAGRAM
Grease Traps and Sand/Oil Interceptors
• The ultimate solution to grease build-up is to trap and remove it.
• These devices are required by some uniform building codes and/or sewer-use
ordinances.
Typically sand/oil interceptors are required for automotive business discharge.
• Need to be thoroughly cleaned to function properly.
• Cleaning frequency varies from twice a month to once every 6 months, depending
on the amount of grease in the discharge.
• Need to educate restaurant and automobile businesses about the need to maintain
these traps.
Chemicals
Before using these chemicals review the Safety Data Sheets (SDS) and consult the local
authorities on the proper use of chemicals as per local ordinance and the proper disposal
of the chemicals used in the operation. If assistance or guidance is needed regarding the
application of certain chemicals, contact the U.S. EPA or state water pollution control
agency.
• Used to control roots, grease, odors (H2S gas), concrete corrosion, rodents and
insects.
• Root Control - longer lasting effects than power rodder (approximately 2-5 years).
• H2S gas - some common chemicals used are chlorine (Cl2), hydrogen peroxide
(H2O2), pure
Oxygen (O2), air, lime (Ca(OH2)), sodium hydroxide (NaOH), and iron salts.
• Grease and soap problems - some common chemicals used are bioacids, digester,
enzymes, bacteria cultures, catalysts, caustics, hydroxides, and neutralizers.
Source: Information provided by Arbour and Kerri, 1997 and Sharon, 1989.
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More on Sewer Cleaning Procedures

TRENCHLESS SEWER REPAIR DIAGRAM
Most cities that take advantage of sewer cleaning procedures are able to determine that
as the maintenance frequency increased, there was an increase in system performance.
It is recommended for 70 inspections and maintenance activities for every 30 cleanings.
Inspections are considered more important because they help define and prevent future
problems. A study performed by the American Society of Civil Engineers reports that the
most important maintenance activities are cleaning and CCTV inspections. A maintenance
plan attempts to develop a strategy and priority for maintaining pipes based on several of
the following factors:
• Problems- frequency and location; 80 percent of problems occur in 25 percent of the
system (Hardin and Messer, 1997).
• Age- older systems have a greater risk of deterioration than newly constructed
sewers.
• Construction material- pipes constructed of materials that are susceptible to
corrosion have a greater potential of deterioration and potential collapse. Nonreinforced concrete pipes, brick pipes, and asbestos cement pipes are examples of
pipes susceptible to corrosion.
• Pipe diameter/volume conveyed- pipes that carry larger volumes take precedence
over pipes that carry a smaller volume.
• Location- pipes located on shallow slopes or in flood prone areas have a higher
priority.
• Force main vs. gravity-force mains have a higher priority than gravity, size for size,
due to the complexity of the cleaning and repairs.
• Subsurface conditions- depth to groundwater, depth to bedrock, soil properties
(classification, strength, porosity, compressibility, frost susceptibility, erodibility, and
pH).
• Corrosion potential- Hydrogen Sulfide (H2S) is responsible for corroding sewers,
structures, and equipment used in wastewater collection systems. The interior
conditions of the pipes need to be monitored and treatment needs to be implemented
to prevent the growth of slime bacteria and the production of H2S gases.
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COMMON SEWER CLEANING TOOLS
Limitations of Cleaning Methods
• Sewer Cleaning and Stoppage Section- this section responds to customer complaints,
pinpoints problems within the lines, and clears all blockages.
• TV Section- this section locates defects and building sewer connections (also referred to
as taps) within the system.
• Preventive Maintenance Section- this section cleans and inspects the lines and also
provides for Quality Assurance and Quality Control (QA/QC).
Most of collection inspections use CCTV system. However, a large percent of the lines in
the worst and oldest sections of the system are inspected visually. Visual inspections are
also used in the most recently installed lines and manholes.
The collection system will normally utilize a variety of cleaning methods including jetting,
high velocity cleaning, rodding, bucket machining, and using stop trucks (sectional rods
with an attached motor).
As part of a preventive maintenance approach, most collection system operators also
have been using combination trucks with both flush and vacuum systems. To control roots,
most collection system operators uses a vapor rooter eradication system which can
ensure that no roots return to the line for up to five years. The cleaning and inspection
crews will usually consist of two members to operate each of the combination trucks and
TV trucks.
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Detailed Cleaning Methods
The purpose of sewer cleaning is to remove foreign material from the sewer and generally
is undertaken to alleviate one of the following conditions:
 Blockages (semisolid obstructions resulting in a virtual cessation of flow). These
generally are dealt with on an emergency basis, although the underlying cause can be
treated preemptively.
 Hydraulic capacity. In some cases, sediment, roots, intrusions (connections or
other foreign bodies), grease, encrustation and other foreign material restrict the
capacity of a sewer, causing surcharge or flooding. Cleaning the sewer may alleviate
these problems permanently, or at least temporarily.
 Pollution caused by either the premature operation of combined wastewater
overflows because of downstream restrictions to hydraulic capacity or pollution caused
by the washing through and discharge of debris from overflows during storms.
 Odor caused by the retention of solids in the system for long periods resulting in,
among other things, wastewater turning septic and producing hydrogen sulfide.
 Sewer inspections, where the sewer needs to be cleaned before inspection. This
requirement most often occurs when using in-sewer CCTV inspection techniques.
 Sewer rehabilitation where it is necessary to clean the sewers immediately before
the sewer being rehabilitated.
Common cleaning methods include jet rodding, manual rodding, winching or dragging,
cutting, and manual or mechanical digging. The method usually is determined in advance
and is normally contingent on the pipe type and size and on the conditions expected in
the pipe.
Jet Rodding
This method depends on the ability of high-velocity jets of water to dislodge materials from
the pipe walls and transport them down the sewer. Water under high pressure
(approximately 2000 psi) is fed through a hose to a nozzle containing a rosette of jets sited
so the majority of flow is ejected in the opposite direction of the flow in the hose. These
jets propel the hose through the sewer and dislodge the materials on the sewer walls. A
range of nozzles is available to cope with the different pipe diameters and materials
encountered. The hoses, nozzles, water supply and necessary pumps usually are
incorporated in a purpose-built vehicle.
Rodding
This method is generally a manual push-pull technique used to clear blockages in smallerdiameter, shallow sewer systems typically not exceeding (10 in. in diameter or 6 ft. in
depth. For sewer greater than 10 in. in diameter, the rods tend to wander are not very
effective. The distance from the access point is limited to approximately 60 ft.
Dragging
This is a technique where custom buckets are dragged through the sewer and the material
deposited into skips.
Cutting
This method generally is used for removing roots from sewers. High-pressure water jet
cutters have been developed for removing even more solid intrusions, such as intruding
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connections. Care is required to eliminate damage to the existing sewer structure.
Manual or Mechanical Digging
Traditionally used in larger-diameter sewers, this method involves manually excavating
the material and placing it in buckets for removal. As the sewer system can be hazardous,
the technique now is used infrequently. High-pressure jet equipment also can be used
manually in larger sewers.
Balling, Jetting, Scooter
In general, these methods are only successful when necessary water pressure or head is
maintained without flooding basements or houses at low elevations. Jetting - The main
limitation of this technique is that cautions need to be used in areas with basement fixtures
and in steep-grade hill areas.
Balling
Balling cannot be used effectively in pipes with bad offset joints or protruding service
connections because the ball can become distorted.
Scooter
When cleaning larger lines, the manholes need to be designed to a larger size in order to
receive and retrieve the equipment. Otherwise, the scooter needs to be assembled in the
manhole. Caution also needs to be used in areas with basement fixtures and in steepgrade hill areas.
Bucket Machine
This device has been known to damage sewers. The bucket machine cannot be used
when the line is completely plugged because this prevents the cable from being threaded
from one manhole to the next. Set-up of this equipment is time-consuming.
Flushing
This method is not very effective in removing heavy solids. Flushing does not remedy this
problem because it only achieves temporary movement of debris from one section to
another in the system.
High Velocity Cleaner
The efficiency and effectiveness of removing debris by this method decreases as the
cross-sectional areas of the pipe increase. Backups into residences have been known to
occur when this method has been used by inexperienced operators. Even experienced
operators require extra time to clear pipes of roots and grease.
Kite or Bag
When using this method, use caution in locations with basement fixtures and steep-grade
hill areas.
Rodding
Continuous rods are harder to retrieve and repair if broken and they are not useful in lines
with a diameter of greater than 300 mm (0.984 feet) because the rods have a tendency to
coil and bend. This device also does not effectively remove sand or grit, but may only
loosen the material to be flushed out at a later time. Source: U.S. EPA, 1993.
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Sewer – Hydraulic Cleaning Sub-Section
The purpose of sewer cleaning is to remove accumulated material from the sewer. Cleaning helps
to prevent blockages and is used to prepare the sewer for inspections. Stoppages in gravity sewers
are usually caused by a structural defect, poor design, poor construction, an accumulation of
material in the pipe (especially grease), or root intrusion. Protruding traps (lateral sewer
connections incorrectly installed so that they protrude into the main sewer) may catch debris, which
then causes a further buildup of solids that eventually block the sewer.
Results of Various Flow Velocities
Velocity Result
2.0 ft/sec...............................Very little material buildup in pipe.
1.4-2.0 ft/sec.........................Heavier grit (sand and gravel) begin to accumulate.
1.0-1.4 ft/sec.........................Inorganic grit and solids accumulate.
Below 1.0 ft/sec....................Significant amounts of organic and inorganic solids accumulate.
1.0 to 1.4 feet per second, grit and solids can accumulate leading to a potential blockage.
Sewer Cleaning Methods
There are three major methods of sewer cleaning: hydraulic, mechanical, and chemical.
Hydraulic cleaning (also referred to as flushing) refers to any application of water to clean the
pipe. Mechanical cleaning uses physical devices to scrape, cut, or pull material from the sewer.
Chemical cleaning can facilitate the control of odors, grease buildup, root growth, corrosion, and
insect and rodent infestation.
Sewer Cleaning Records
The backbone of an effective sewer cleaning program is accurate recordkeeping. Accurate
recordkeeping provides the collection system owner or operator with information on the areas
cleaned. Typical information includes
• Date, time, and location of stoppage or routine cleaning activity
• Method of cleaning used
• Identity of cleaning crew
• Cause of stoppage
• Further actions necessary and/or initiated
• Weather conditions
The owner or operator should be able to identify problem collection system areas, preferably on
a map. Potential problem areas identified should include those due to grease or industrial
discharges, hydraulic bottlenecks in the collection system, areas of poor design (e.g., insufficiently
sloped sewers), areas prone to root intrusion, sags, and displacements. The connection between
problem areas in the collection system and the preventive maintenance cleaning schedule should
be clear.
The owner or operator should also be able to identify the number of stoppages experienced per
mile of sewer pipe. If the system is experiencing a steady increase in stoppages, the reviewer
should try to determine the cause (i.e., lack of preventive maintenance funding, deterioration of
the sewers due to age, an increase in grease producing activities, etc.).
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Parts and Equipment Inventory
An inventory of spare parts, equipment, and supplies should be maintained by the collection
system owner or operator. The inventory should be based on the equipment manufacturer’s
recommendations, supplemented by historical experience with maintenance and equipment
problems. Without such an inventory, the collection system may experience long down times or
periods of inefficient operation in the event of a breakdown or malfunction. Files should be
maintained on all pieces of equipment and major tools. The owner or operator should have a
system to assure that each crewmember has adequate and correct tools for the job.
The owner or operator should maintain a yard where equipment, supplies, and spare parts are
maintained and personnel are dispatched. Very large systems may maintain more than one yard.
In this case, the reviewer should perform a visual survey at the main yard. In small to medium
size systems, collection system operations may share the yard with the department of public
works, water department, or other municipal agencies. In this case, the reviewer should determine
what percentage is being allotted for collection system items. The most important features of the
yard are convenience and accessibility.
The reviewer should observe a random sampling of inspection and maintenance crew vehicles
for equipment as described above. A review of the equipment and manufacturer’s manuals aids
will determine what spare parts should be maintained.
The owner or operator should then consider the frequency of usage of the part, how critical the
part is, and finally, how difficult the part is to obtain when determining how many of the part to
keep in stock. Spare parts should be kept in a clean, well-protected stock room.
Owner or Operator - Point to Note
The owner or operator should have a procedure for
determining which spare parts are critical for the
proper operation of the collection system. Similar to
equipment and tools management, a tracking
system should be in place, including Guide for
Evaluating CMOM Programs at Sanitary Sewer
Collection Systems procedures on logging out
materials, and when maintenance personnel must
use them.
The owner or operator should be able to produce
the spare parts inventory and clearly identify those
parts deemed critical. The reviewer should evaluate
the inventory and selected items in the stockroom to
determine whether the specified numbers of these
parts are being maintained.
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Sewer Maintenance - Advantages and Disadvantages
The primary benefit of implementing a sewer maintenance program is the reduction of SSOs,
basement backups, and other releases of wastewater from the collection system due to
substandard sewer conditions. Improper handling of instruments and chemicals used in
inspecting and maintaining sewer lines may cause environmental harm.
Examples include:
• Improperly disposing of collected materials and chemicals from cleaning operations.
• Improperly handling chemical powdered dyes.
• Inadequately maintaining inspection devices.
Visual Inspection
In smaller sewers, the scope of problems detected is minimal because the only portion of the
sewer that can be seen in detail in near the manhole. Therefore, any definitive information on
cracks or other structural problems is unlikely. However, this method does provide information
needed to make decisions on rehabilitation.
Camera Inspection
When performing a camera inspection in a large diameter sewer, the inspection crew is essentially
taking photographs haphazardly, and as a result, the photographs tend to be less comprehensive.
Closed Circuit Television (CCTV)
This method requires late night inspection and as a result the TV operators are vulnerable to
lapses in concentration. CCTV inspections are also expensive and time consuming. The video
camera does not fit into the pipe and during the inspection it remains only in the maintenance
hole.
Lamping Inspection
As a result, only the first 10 feet of the pipe can be viewed or inspected using this method.
Source: Water Pollution Control Federation, 1989. Some instruments have a tendency to become
coated with petroleum based residues and if not handled properly they can become a fire hazard.
The following case study provide additional case study data for sewer cleaning methods.
Fairfax County, Virginia
The Fairfax County Sanitary Sewer System comprises over 3000 miles of sewer lines. As is the
case with its sewer rehabilitation program, the county’s sewer maintenance program also focuses
on inspection and cleaning of sanitary sewers, especially in older areas of the system.
Reorganization and streamlining of the sewer maintenance program, coupled with a renewed
emphasis on increasing productivity, has resulted in very significant reductions in sewer backups
and overflows during the past few years.
1998, there were a total of 49 such incidents including 25 sewer backups and 24 sewer overflows.
The sewer maintenance program consists of visual inspections, scheduled sewer cleanings
based on maintenance history, unscheduled sewer cleanings as determined by visual or closed
circuit television inspections, and follow-up practices to determine the cause of backups and
overflows.
Visual inspections are carried out by using a mirror attached to a pole; however, use of portable
cameras has been recently introduced to enhance the effectiveness of visual inspections.
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Older areas of the sewer system are inspected every two years; whereas, the inspection of
relatively new areas may be completed in 3 to 4 years. Cleaning is an important part of pipe
maintenance.
Sewer line cleaning is prioritized based on the age of the pipe and the frequency of the problems
within it. The county uses rodding and pressurized cleaning methods to maintain the pipes.
Bucket machines are rarely used because cleaning by this method tends to be time consuming.
Many cities use mechanical, rather than chemical, methods to remove grease and roots.
Introducing chemicals into the cleaning program may require hiring an expert crew, adopting a
new program, and instituting a detention time to ensure the chemicals’ effectiveness.
Record keeping is also vital to the success of such a maintenance program. The county has
started tracking the number of times their sewer lines were inspected and cleaned and the number
of overflows and backups a sewer line experienced. This information has helped the county reprioritize sewer line maintenance and adapt a more appropriate time schedule for cleaning and
inspecting the sewer lines.
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Sewer System Rehabilitation Sub-Section
The collection system owner or operator should have a sewer rehabilitation program. The
objective of sewer rehabilitation is to maintain the overall viability of a collection system. This is
done in three ways:
(1) ensuring its structural integrity;
(2) limiting the loss of conveyance and wastewater treatment capacity due to excessive I/I;
and
(3) limiting the potential for groundwater contamination by controlling exfiltration from the pipe
network.
The rehabilitation program should build on information obtained as a result of all forms of
maintenance and observations made as part of the capacity evaluation and asset inventory to
assure the continued ability of the system to provide sales and service at the least cost. The
reviewer should try to gain a sense of how rehabilitation is prioritized.
Priorities may be stated in the written program or may be determined through interviews with
system personnel.
There are many rehabilitation methods; the choice of methods depends on pipe size, type,
location, dimensional changes, sewer flow, material deposition, surface conditions, severity of I/I,
and other physical factors. Non-structural repairs typically involve the sealing of leaking joints in
otherwise sound pipe.
Structural repairs involve either the replacement of all or a portion of a sewer line, or the lining
of the sewer. These repairs can be carried out by excavating, usually for repairs limited to one
or two pipe segments (these are known as point repairs) or by trenchless technologies (in which
repair is carried out via existing manholes or a limited number of access excavations).
The rehabilitation program should identify the methods that have been used in the past, their
success rating, and methods to be used in the future. A reviewer who wants further guidance on
methods of rehabilitation may consult the owner’s or operator’s policies regarding service lateral
rehabilitation, since service laterals can constitute a serious source of I/I.
Manholes should not be neglected in the rehabilitation program. Manhole covers can allow
significant inflow to enter the system because they are often located in the path of surface runoff.
Manholes themselves can also be a significant source of infiltration from cracks in the barrel of
the manhole. The owner or operator should be able to produce documentation on the location
and methods used for sewer rehabilitation. The reviewer should compare the rehabilitation
accomplished with that recommended by the capacity evaluation program.
When examining the collection system rehabilitation program, the reviewer should be able to
answer the following questions:
• Is rehabilitation taking place before it becomes emergency maintenance?
• Are recommendations made as a result of the previously described inspections?
• Does the rehabilitation program take into account the age and condition of the sewers?
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The sewer vacuum truck utilizes both a high pressure stream of water and a vacuum system to
clean and remove built up debris from sewer lines. These versatile vehicles are also used to clean
lift station wet wells, stormwater catch basins, and to perform excavations to locate broken water
or sewer lines. It reduces repair times and costs by over 50%.

Above, various Jetter or hydraulic cleaning attachments.

Root intrusion
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Tree Roots vs. Sanitary Sewer Lines
Root Growth in Pipes
Roots require oxygen to grow, they do not grow in pipes that are
full of water or where high ground water conditions prevail. Roots
thrive in the warm, moist, nutrient rich atmosphere above the
water surface inside sanitary sewers. The flow of warm water
inside the sanitary sewer service pipe causes water vapor to
escape to the cold soil surrounding the pipe. Tree roots are
attracted to the water vapor leaving the pipe and they follow the
vapor trail to the source of the moisture, which are usually cracks
or loose joints in the sewer pipe. Upon reaching the crack or pipe
joint, tree roots will penetrate the opening to reach the nutrients and moisture inside the pipe. This
phenomenon continues in winter even though trees appear to be dormant.
Problems Caused by Roots Inside Sewers
Once inside the pipe, roots will continue to grow, and if not disturbed, they will completely fill the
pipe with multiple hair-like root masses at each point of entry. The root mass inside the pipe
becomes matted with grease, tissue paper, and other debris discharged from the residence or
business. Homeowners will notice the first signs of a slow flowing drainage system by hearing
gurgling noises from toilet bowls and observing wet areas around floor drains after completing the
laundry. A complete blockage will occur if no remedial action is taken to remove the roots/blockage.
As roots continue to grow, they expand and exert considerable pressure at the crack or joint where
they entered the pipe. The force exerted by the root growth will break the pipe and may result in
total collapse of the pipe. Severe root intrusion and pipes that are structurally damaged will require
replacement.
Tree Roots in Sewer
Tree roots growing inside sewer pipes are generally the most expensive sewer maintenance item
experienced by City residents. Roots from trees growing on private property and on parkways
throughout the City are responsible for many of the sanitary sewer service backups and damaged
sewer pipes.
Homeowners should be aware of the location of their sewer service and refrain from planting certain
types of trees and hedges near the sewer lines. The replacement cost of a sanitary sewer service
line as a result of damage from tree roots may be very expensive.
Pipes Susceptible to Root Damage
Some pipe material is more resistant to root intrusion than others are. Clay tile pipe that was
commonly installed by developers and private contractors until the late 1980's is easily penetrated
and damaged by tree roots. Concrete pipe and PVC pipe may also allow root intrusions, but to a
lesser extent than clay tile pipe. PVC pipe is more resistant to root intrusion because it usually has
fewer joints. The tightly fitting PVC joints are less likely to leak as a result of settlement of backfill
around the pipe.
Root Spread
During drought conditions and in winter, tree roots travel long distances in search of moisture. As a
general rule, tree roots will extend up to 2.5 times the height of the tree, and some species of trees
may have roots extending five to seven times the height of the tree.
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Root Growth Control
The common method of removing roots from sanitary sewer service pipes involves the use of
augers, root saws, and high pressure flushers. These tools are useful in releasing blockages in an
emergency, however, cutting and tearing of roots encourages new growth. The effect is the same
as pruning a hedge to promote faster, thicker, and stronger regrowth.
Roots removed by auguring are normally just a small fraction of the roots inside the pipe. To
augment the cutting and auguring methods, there are products available commercially that will kill
the roots inside the pipe without harming the tree. The use of products such as copper sulfate and
sodium hydroxide are not recommended because of negative environmental impacts on the
downstream receiving water. Also, these products may kill the roots but they do not inhibit regrowth.
The more modern method used throughout Canada and the United States for controlling root growth
involves the use of an herbicide mixed with water and a foaming agent. The foam mixture is pumped
into the sewer pipe to kill any roots that come into contact with the mixture. New root growth will be
inhibited from three to five years after the treatment, according to the manufacturers.

FlexKid is an accessory for Ripper tools designed to clear roots and other blockages from sewer
pipes. The unit readily passes through pipes and around or over typical obstructions like offset
joints, hand taps and debris. Available for pipes 18 inches and larger, it features durable cable
and easy attachment to the rear of any root-cutting motor. It is designed for quick setup and quick
size changes in field. No underground (in-manhole) assembly is required, and no manhole
modification is necessary.
The Knocker is a chain cleaner designed to use in conjunction with The Ripper. The Ripper
positions The Knocker's chain-knocking action in the center of the pipe and keeps the chain from
hanging up on offsets and hand-taps. The Ripper follows up by removing loose debris - leaving
pipes cleaner than any other sewer cleaning tool - period.
Courtesy of DML, LLC
419 Colford Avenue
West Chicago, Il 60185
Phone (630) 293-3653
rootripper@ameritech.net
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Pipe Bursting Section
Pipe bursting can be just as effective as digging trenches and replacing the older sewer, but
without the digging. With the pipe bursting method, roads, customer’s yards and landscaping is
spared the damage caused by digging long trenches, and repairing the damage when the job is
done.

Cast iron and clay sewer lines often have more points of failure than high density polyethylene
pipe or HDPE because they have more joints and joins. HDPE pipe is seamless, and so
introduces fewer potential points of failure.
Bursting Pipe Procedure
• Insertion pit is excavated.
• Deteriorated host pipe is broken outward by means of an expansion tool and new pipe
(black) is towed behind the bursting machine.
• Laterals reconnected by excavation after job is done.
• Pneumatic (static) head has no moving internal parts and expands existing pipe
through pulling.
• New pipe can be PE, PP, PVC or GFR
• No reduction in capacity; can often upsize the new pipe
• Requires bypass or diversion of flow
• Not suitable for all materials: can replace vitrified clay, cast iron, unreinforced concrete,
& some PVC
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Old sewer lines are often made of cast iron and clay. These old sewer lines eventually crack
and fail to drain properly. Roots and debris make their way into old sewer lines causing repeated
obstructions and service calls.

•
•
•
•
•
•

Fold and Formed Pipe
HDPE or PVC pipe is deformed in shape & inserted into host pipe
Liner is pulled through existing line, heated and pressurized to original shape
Bypass or diversion of flow required
Laterals reconnected internally
No grouting or excavation
No joints or seams
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Smoking out Sewer Leaks
An overview of smoke testing, an important part of successful I & I studies.
By Paul Tashian, Superior Signal Company, Inc.
Used extensively for over 40 years, smoke testing has proven to be a vital ingredient of successful
inflow and infiltration (I&I) studies. It is as important now as it has ever been, as growing
municipalities increase demands on aging, often deteriorating collection systems. In addition,
programs such as the EPA’s new CMOM (capacity, management, operations, and maintenance)
emphasize a focus on proactive, preventive maintenance practices. Smoke testing is an effective
method of documenting sources of inflow and should be part of any CMOM program.
Just as a doctor would require the aid of several instruments to evaluate the status of one’s
health, various test methods should be used in performing a complete sanitary sewer evaluation
survey (SSES). In addition to smoke testing, these could
include dyed water testing, manhole inspection, TV
inspection, flow monitoring, and more. Specializing in
sanitary sewer evaluation surveys, Wade & Associates of
Lawrence Kansas states a reduction of 30 to 50% in peak
flows can be expected as a result of implementing these
types of programs.
Smoke testing is a relatively simple process, which consists
of blowing smoke mixed with larger volumes of air into the
sanitary sewer line, usually induced through the manhole.
The smoke travels the path of least resistance and quickly shows up at sites that allow surface
water inflow. Smoke will identify broken manholes, illegal connections (including roof drains, sump
pumps, yard drains and more), uncapped lines, and will even shows cracked mains and laterals
providing there is a passageway for the smoke to travel to the surface.
Although video inspection and other techniques are certainly important components of an I&I
survey, research has shown that approximately 65% of all extraneous stormwater inflow enters
the system from somewhere other than the main line. Smoke testing is an excellent method of
inspecting both the mainlines, laterals and more. Smoke travels throughout the system, identifying
problems in all connected lines, even sections of line that were not known to exist, or thought to
be independent or unconnected. Best results are obtained during dry weather, which allows
smoke better opportunity to travel to the surface.
Necessary Equipment
Blowers; Most engineering specifications for smoke testing identify the use of a blower able to
provide 1750 cfm (cubic feet of air per minute), however in today’s world it seems to be the mindset
that bigger is better. New smoke blowers on the market can deliver over 3000 cfm, but is this
really needed? Once the manhole area is filled, the smoke only needs to travel sections of
generally 8 or 10-inch pipe.
Moving the air very quickly is useless if the blower does not have the static pressure to push that
air/smoke through the lines. If you’ve used high CFM blowers and found that smoke frequently
backs up to the surface, this may be your problem.
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Blowers
There are two types of blowers available for smoke testing sewers: squirrel cage and direct drive
propeller. In general, squirrel cage blowers are usually larger in size, but can provide more static
pressure in relation to CFM.
The output of the squirrel cage type is usually adjustable by alternating pulleys and belts to meet
the demands of the job. Propeller style blowers are usually more compact and generally offer
approx. 3,200 CFM.
Other than reducing the engine throttle, the output is not adjustable since the fan blade is attached
directly to the engine shaft. If purchasing a smoke blower you should ask the manufacturer if the
CFM and static pressure output they are quoting is the specification of the propeller itself
(uninstalled/free air), or if it is the actual performance when installed in the blower assembly.
These two numbers can vary significantly.
Smoke Types
There are two types of smoke currently offered
for smoke testing sewers, classic smoke
candles and smoke fluids.
Smoke candles were first used for testing
sewers when the process began its popularity
back in 1961, and continue to be the most
widely used. They are used by simply placing
a smoke candle on the fresh air intake side of
the blower. Once ignited, the exiting smoke is
drawn in with the fresh air and blown down into
the manhole and throughout the system.
Smoke candles are available in various sizes
that can be used singularly or in combination to
meet any need. This type of smoke is formed
by a chemical reaction, creating a smoke which contains a high content of atmospheric
moisture. It is very visible even at low concentrations, and extremely effective at finding leaks.
Another available source of smoke is a smoke fluid system. Although they have just recently been
more aggressively marketed, smoke fluids became available for sewer testing shortly after smoke
candles, some 30 years ago. They can certainly be used effectively, but it is important to
understand how they work. This system involves injecting a smoke fluid (usually a petroleum
based product) into the hot exhaust stream of the engine where it is heated within the muffler (or
heating chamber) and exhausted into the air intake side of the blower. One gallon of smoke fluid
is generally less expensive than one dozen smoke candles; however smoke fluids do not
consistently provide the same quality of smoke.
When using smoke fluid, it is important to understand that as fluid is injected into the heating
chamber (or muffler) it immediately begins to cool the unit. The heating chamber will eventually
reach a point where it is not hot enough to completely convert all the fluid to smoke, thus creating
thin/wet smoke. This can actually happen quickly, depending on the rate of fluid flow. If the smoke
has become thin it can be especially difficult to see at greater distances.
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Blocking off sections of line is usually a good idea with any type of smoke, but becomes almost a
necessity when using smoke fluid. Some manufactures have taken steps to address this issue,
and now offer better flow control, fluid distribution, and most importantly insulated heating
chambers to help maintain necessary temperatures.
Safety
Maybe one of the more talked about, yet least understood aspects of smoke testing is the use and
safety of these products. As manufacturers have become more competitive, some marketing
programs and advertisements have implied danger in the use of competitive types of smoke
products. Laboratory reports, scientific studies, and even Material Safety Data Sheets can be
quite confusing to most of us who are not trained or qualified to make scientific judgments on this
data. Having this information delivered to us in the form of advertising can be dangerous, as most
of us tend to believe what we read.
An author of an associated industry publication once stated… “Do not use smoke bombs, as they
give off a toxic gas”. Although the author quotes no scientific literature to support this statement,
competitive propaganda has made such implications. It is interesting to note that the same exact
statement could be made for smoke fluids. Smoke from fluid is created in the exhaust system of
the engine, which contains carbon monoxide. Is carbon monoxide not a toxic gas?
Other statements that have been made include warnings to wear a respirator while smoke testing.
While certain manufacturers have issued this warning about competitive products, they do not
qualify the statement, nor do they mention the fact that the same thing could be said of their own
product. The fact is that a respirator should be worn whenever a person would be exposed to
ANY substance in quantities that exceeded OSHA limits. The bottom line on safety is that it is
important to use common sense.
All smokes, candles, and fluids can be used safely and effectively when used as directed. When
planning to smoke test, it is important to develop a proactive public notice program. Ads in local
papers, door hangers, mailers, as well as door to door inquiries are recommended. It is helpful to
educate the public as to why the test is being performed and the positive benefits to the
community. In addition, it should instruct residents on what to do and who to call if smoke should
enter their homes.
It is also important to notify local police and fire departments daily, as to where and when smoke
testing will be taking place. Reducing stormwater inflow into collection systems means reduced
chances of overflows, less emergency maintenance and less money spent on treatment. If these
are goals of your organization, consider smoke testing as a fairly easy, inexpensive, and effective
way of achieving your objectives.
Paul Tashian is employed by Superior Signal Company Inc., a manufacturer of all types of smoke
testing equipment, and a major contributor to the original development of smoke testing practices.
Paul can be reached at (732) 251-0800, or ptashian@superiorsignal.com. Also, thanks to Wade
& Associates (a company specializing in sanitary sewer evaluation surveys) for offering reference
material, and providing artwork and photographs used in this article. For information on Wade’s
services call (785) 841-1774, or visit www.wadeinc.com.
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Operation and Maintenance Summary
Maintaining wastewater collection infrastructure – pump stations, force mains, and sewers – is an
integral component of the proper management of a treatment system and critical to preventing
illegal wastewater releases. Effective preventive maintenance programs have been shown to
significantly reduce the frequency and volume of untreated sewage discharges, help communities
plan for the future and save money on emergency response.
The compelling reason to perform a condition assessment of your collection system is to preserve
the existing valuable infrastructure, minimize O&M and avoid emergencies and unexpected costs.
Condition assessment of your collection system is an investment in managing risk. Knowing the
structural condition of your underground assets will allow you to avoid emergencies, prioritize
repair and replacement projects, and plan for the future. In a condition assessment, data and
information are gathered through observation, direct inspection, investigation, and monitoring.

Written Protocol
An analysis of the data and information helps determine the structural, operational, and
performance status of capital infrastructure assets. A good written protocol, consistently applied,
will help define the assessment. Use new data collection techniques to get the most out of your
program. Implementing a pro-active program based on information and systematic assessment
removes some of the politics and second-guessing from decision-making.
Performing a condition assessment has a cost, but prioritizing work by focusing on critical assets
and the maintenance and replacement needs for your collection system is an essential step
toward better management.
Condition Assessments
Maintenance issues are the leading cause of backups and overflows of collection systems.
Condition assessment helps utilities discover maintenance and capacity issues before they
become maintenance problems. Knowing how your collection system really works will identify
Trouble Spots and lead to preventive maintenance decisions, rather than being reactive to the
consequences of emergency incidents.
Implementing a pro-active program based on information and systematic assessment provides a
manager with the tools to improve decision-making and solid information on which to base staffing
and funding decisions.
• grease
• roots
• debris
Record Keeping
Record keeping of sewer maintenance, inspections and repairs meets several needs of the sewer
system. Records help simplify and improve work planning and scheduling, including integrating
recurring and on-demand work. Measuring and tracking of workforce productivity and developing
units costs for various activities are a few of the record keeping benefits. Records of sewer
maintenance, service line maintenance, and sewer main and service line repairs should be kept
and maintained. Examples of record forms are found herein.
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Operations and Maintenance Post Quiz
1. The system’s goal should be a minimum of cleaning between _______________% of
the sewers every year.
Sewer Cleaning and Inspection
2. As sewer system networks age, the risk of deterioration, this ___________________,
and collapses becomes a major concern.
3. __________________ are essential to maintaining a properly functioning system;
these activities further a community’s reinvestment into its wastewater infrastructure.
Identify the Cleaning Method
4. Directs high velocities of water against pipe walls. Removes debris and grease buildup, clears blockages, and cuts roots within small diameter pipes. Efficient for routine
cleaning of small diameter, low flow sewers.
5. Round, rubber-rimmed, hinged metal shield that is mounted on a steel framework on
small wheels. The shield works as a plug to build a head of water. Scours the inner walls
of the pipe lines. Effective in removing heavy debris and cleaning grease from line.
6. Similar in function to the ball. Rigid rims on bag and kite induce a scouring action.
Effective in moving accumulations of decayed debris and grease downstream.
7. Most effective in lines up to 12 inches in diameter. Uses an engine and a drive unit with
continuous rods or sectional rods. As blades rotate, they break up grease deposits, cut
roots, and loosen debris.
8. Partially removes large deposits of silt, sand, gravel, and some types of solid waste.
Cylindrical device, closed on one end with 2 opposing hinged jaws at the other. Jaws open
and scrape off the material and deposit it in the bucket.
9. A threaded rubber cleaning ball that spins and scrubs the pipe interior as flow increases
in the sewer line. Removes deposits of settled inorganic material and grease build-up.
Most effective in sewers ranging in size from 5-24 inches.
10. Introduces a heavy flow of water into the line at a manhole. Removes floatables and
some sand and grit. Most effective when used in combination with other mechanical
operations, such as rodding or bucket machine cleaning.
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More on Sewer Cleaning Procedures
A maintenance plan attempts to develop a strategy and priority for maintaining pipes
based on several of the following factors:
11. ________________- frequency and location; 80 percent of problems occur in 25
percent of the system.
12. Force main vs. gravity-force mains have a higher priority than gravity, size for size,
due to the complexity of the ______________________.
13. ________________ - Hydrogen Sulfide (H2S) is responsible for corroding sewers,
structures, and equipment used in wastewater collection systems. The interior conditions
of the pipes need to be monitored and treatment needs to be implemented to prevent the
growth of slime bacteria and the production of H2S gases.
14. ________________- pipes that carry larger volumes take precedence over pipes that
carry a smaller volume.
Limitations of Cleaning Methods
15. __________________ will normally utilize a variety of cleaning methods including
jetting, high velocity cleaning, rodding, bucket machining, and using stop trucks.
16. The cleaning and inspection crews will usually consist of two members to operate
each of the?
Detailed Cleaning Methods
The purpose of sewer cleaning is to remove foreign material from the sewer and generally
is undertaken to alleviate one of the following conditions:
17. _____________________ is caused by either the premature operation of combined
wastewater overflows because of downstream restrictions to hydraulic capacity or
pollution caused by the washing through and discharge of debris from overflows during
storms.
18. ______________________ is caused by the retention of solids in the system for long
periods resulting in, among other things, wastewater turning septic and producing
hydrogen sulfide.

Answers
1. 20-30, 2. Blockages, 3. Cleaning and inspecting sewer lines,4. Jetting, 5. Scooter, 6. Kites,
Bags, and Poly Pigs, 7. Mechanical Rodding, 8. Bucket Machine, 9. Hydraulic Balling, 10.
Flushing, 11. Problems, 12. Cleaning and repairs, 13. Corrosion potential, 14. Pipe
diameter/volume conveyed, 15. The collection system, 16 Combination trucks and TV trucks, 17.
Pollution, 18. Odor
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Math Conversion Factors
1 PSI = 2.31 Feet of Water
1 Foot of Water = .433 PSI
1.13 Feet of Water = 1 Inch of Mercury
454 Grams = 1 Pound
2.54 CM =Inch
1 Gallon of Water = 8.34 Pounds
1 mg/L = 1 PPM
17.1 mg/L = 1 Grain/Gallon
1% = 10,000 mg/L
694 Gallons per Minute = MGD
1.55 Cubic Feet per Second = 1 MGD
60 Seconds = 1 Minute
1440 Minutes = 1 Day
.746 kW = 1 Horsepower

LENGTH
12 Inches = 1 Foot
3 Feet = 1 Yard
5280 Feet = 1 Mile
AREA
144 Square Inches = 1 Square Foot
43,560 Square Feet =1 Acre
VOLUME
1000 Milliliters = 1 Liter
3.785 Liters = 1 Gallon
231 Cubic Inches = 1 Gallon
7.48 Gallons = 1 Cubic Foot of water
62.38 Pounds = 1 Cubic Foot of water

Dimensions
SQUARE:

Area (sq.ft.) = Length X Width
Volume (cu.ft.) = Length (ft) X Width (ft) X Height (ft)

CIRCLE:

Area (sq.ft.) = 3.14 X Radius (ft) X Radius (ft)

CYLINDER: Volume (Cu. ft) = 3.14 X Radius (ft) X Radius (ft) X Depth (ft)
PIPE VOLUME: .785 X Diameter 2 X Length = ? To obtain gallons multiply by 7.48
SPHERE:

(3.14) (Diameter)3
(6)

Circumference = 3.14 X Diameter

General Conversions
Flowrate
Multiply

—>

to get

to get

<—

Divide

cc/min

1

mL/min

3

28.31

L/min

3

1.699

m3/hr

cfh (ft3/hr)

472

mL/min

cfh (ft3/hr)

0.125

GPM

GPH

63.1

mL/min

GPH

0.134

cfh

GPM

0.227

m3/hr

cfm (ft /min)
cfm (ft /min)

GPM

3.785

L/min

oz/min

29.57

mL/min

POUNDS PER DAY= Concentration (mg/L) X Flow (MG) X 8.34
A.K.A. Solids Applied Formula = Flow X Dose X 8.34
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PERCENT EFFICIENCY = In – Out X 100
In
TEMPERATURE:

0

F = (0C X 9/5) + 32
C = (0F - 32) X 5/9

9/5 =1.8
5/9 = .555

0

CONCENTRATION: Conc. (A) X Volume (A) = Conc. (B) X Volume (B)
FLOW RATE (Q): Q = A X V (Quantity = Area X Velocity)
FLOW RATE (gpm): Flow Rate (gpm) = 2.83 (Diameter, in)2 (Distance, in)
Height, in
% SLOPE = Rise (feet) X 100
Run (feet)
ACTUAL LEAKAGE = Leak Rate (GPD)
Length (mi.) X Diameter (in)
VELOCITY = Distance (ft)
Time (Sec)
N = Manning’s Coefficient of Roughness
R = Hydraulic Radius (ft.)
S = Slope of Sewer (ft/ft.)
HYDRAULIC RADIUS (ft) = Cross Sectional Area of Flow (ft)
Wetted pipe Perimeter (ft)
WATER HORSEPOWER = Flow (gpm) X Head (ft)
3960
BRAKE HORSEPOWER = Flow (gpm) X Head (ft)
3960 X Pump Efficiency
MOTOR HORSEPOWER = Flow (gpm) X Head (ft)
3960 X Pump Eff. X Motor Eff.
MEAN OR AVERAGE = Sum of the Values
Number of Values
TOTAL HEAD (ft) = Suction Lift (ft) X Discharge Head (ft)
SURFACE LOADING RATE = Flow Rate (gpm)
(gal/min/sq.ft)
Surface Area (sq. ft)
MIXTURE = (Volume 1, gal) (Strength 1, %) + (Volume 2, gal) (Strength 2,%)
STRENGTH (%)
(Volume 1, gal) + (Volume 2, gal)
INJURY FREQUENCY RATE = (Number of Injuries) 1,000,000
Number of hours worked per year
DETENTION TIME (hrs) = Volume of Basin (gals) X 24 hrs
Flow (GPD)
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SLOPE = Rise (ft)
Run (ft)

SLOPE (%) = Rise (ft) X 100
Run (ft)

POPULATION EQUIVALENT (PE):
1 PE = .17 Pounds of BOD per Day
1 PE = .20 Pounds of Solids per Day
1 PE = 100 Gallons per Day
LEAKAGE (GPD/inch) = Leakage of Water per Day (GPD)
Sewer Diameter (inch)
CHLORINE DEMAND (mg/L) = Chlorine Dose (mg/L) – Chlorine Residual (mg/L)
MANNING FORMULA
Q = Allowable time for decrease in pressure from 3.5 PSI to 2.5 PSI
q = As below
Q = (0.022) (d12L1)/Q

q = [ 0.085] [(d12L1)/(d1L1)]
q

Q = 2.0 cfm air loss
 = .0030 cfm air loss per square foot of internal pipe surface
 = Pipe diameter (inches)
L = Pipe Length (feet)
V = 1.486 R 2/3 S 1/2

V = Velocity (ft./sec.)
 = Pipe Roughness
R = Hydraulic Radius (ft)
S= Slope (ft/ft)
HYDRAULIC RADIUS (ft) = Flow Area (ft. 2)
Wetted Perimeter (ft.)
WIDTH OF TRENCH (ft) = Base (ft) + (2 Sides) X Depth (ft 2)
Slope

.
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Conversion Factors
1 acre = 43,560 square feet
1 cubic foot = 7.48 gallons
1 foot = 0.305 meters
1 gallon = 3.785 liters
1 gallon = 8.34 pounds
1 grain per gallon = 17.1 mg/L
1 horsepower = 0.746 kilowatts
1 million gallons per day = 694.45 gallons per minute
1 pound = 0.454 kilograms
1 pound per square inch = 2.31 feet of water
1% = 10,000 mg/L
Degrees Celsius = (Degrees Fahrenheit - 32) (5/9)
Degrees Fahrenheit = (Degrees Celsius * 9/5) + 32
64.7 grains = 1 cubic foot
1,000 meters = 1 kilometer
1,000 grams = 1 kilogram
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Formula/Conversion Table
Acid Feed Rate = (Waste Flow) ( Waste Normality)
Acid Normality
Alkalinity = (mL of Titrant) ( Acid Normality) ( 50,000)
mL of Sample
Amperage = Voltage ÷ Ohms
Area of Circle = (0.785)(Diameter2) OR (π)(Radius2)
Area of Rectangle = (Length)(Width)
Area of Triangle = (Base) (Height)
2
C Factor Slope = Energy loss, ft. ÷ Distance, ft.
C Factor Calculation = Flow, GPM ÷ [193.75 (Diameter, ft.)2.63(Slope)0.54]
Chemical Feed Pump Setting, % Stroke = (Desired Flow) (100%)
Maximum Flow
Chemical Feed Pump Setting, mL/min =
(Flow, MGD) Dose, mg/L) (3.785L/gal) (1,000,000 gal/MG)
(Liquid, mg/mL) (24 hr. / day) (60 min/hr.)
Chlorine Demand (mg/L) = Chlorine dose (mg/L) – Chlorine residual (mg/L)
Circumference of Circle = (3.141) (Diameter)
Composite Sample Single Portion = (Instantaneous Flow) (Total Sample Volume)
(Number of Portions) (Average Flow)
Detention Time =

Volume
Flow

Digested Sludge Remaining, % =

(Raw Dry Solids) (Ash Solids) (100%)
(Digested Dry Solids) (Digested Ash Solids)

Discharge = Volume
Time
Dosage, lbs/day = (mg/L)(8.34)(MGD)
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Dry Polymer (lbs.) = (gal. of solution) (8.34 lbs/gal)(% polymer solution)
Efficiency, % = (In – Out) (100%)
In
Feed rate, lbs/day = (Dosage, mg/L) (Capacity, MGD) (8.34 lbs/gals)
(Available fluoride ion) (Purity)
Feed rate, gal/min (Saturator) = (Plant capacity, gal/min.) (Dosage, mg /L)
18,000 mg/L
Filter Backwash Rate =

Flow
Filter Area

Filter Yield, lbs/hr./sq. ft = (Solids Loading, lbs/day) (Recovery, % / 100%)
(Filter operation, hr./day) ( Area, ft2)
Flow, cu. ft./sec. = (Area, Sq. Ft.)(Velocity, ft./sec.)
Gallons/Capita/Day = Gallons / day
Population
Hardness = (mL of Titrant) (1,000)
mL of Sample
Horsepower (brake) = (Flow, gpm) (Head, ft)
(3,960) (Efficiency)
Horsepower (motor) =

(Flow, gpm) (Head, ft)
(3960) (Pump, Eff) (Motor, Eff)

Horsepower (water) = (Flow, gpm) (Head, ft)
(3960)
Hydraulic Loading Rate = Flow
Area
Leakage (actual) = Leak rate (GPD) ÷ [Length (mi.) x Diameter (in.)]
Mean = Sum of values ÷ total number of values
Mean Cell Residence Time (MCRT) = Suspended Solids in Aeration System, lbs
SS Wasted, lbs / day + SS lost, lbs / day
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Organic Loading Rate = Organic Load, lbs BOD / day
Volume
Oxygen Uptake = Oxygen Usage
Time
Pounds per day = (Flow, MGD) (Dose, mg/L) (8.34)
Population Equivalent = (Flow MGD) (BOD, mg/L) (8.34 lbs / gal)
Lbs BOD / day / person
RAS Suspended Solids, mg/l =
RAS Flow, MGD =
RAS Flow % =

1,000,000
SVI

(Infl. Flow, MGD) (MLSS, mg/l)
RAS Susp. Sol., mg/l – MLSS, mg/l
(RAS Flow, MGD) (100 %)
Infl. Flow, MGD

Reduction in Flow, % = (Original Flow – Reduced Flow) (100%)
Original Flow
Slope = Drop or Rise
Run or Distance
Sludge Age =

Mixed Liquor Solids, lbs
Primary Effluent Solids, lbs / day

Sludge Index = % Settleable Solids
% Suspended Solids
Sludge Volume Index = (Settleable Solids, %) (10,000)
MLSS, mg/L
Solids, mg/L = (Dry Solids, grams) (1,000,000)
mL of Sample
Solids Applied, lbs/day = (Flow, MGD)(Concentration, mg/L)(8.34 lbs/gal)
Solids Concentration =

Weight
Volume
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Solids Loading, lbs/day/sq. ft =
Surface Loading Rate =

Solids Applied, lbs / day
Surface Area, sq. ft

Flow
Rate

Total suspended solids (TSS), mg/L =
(Dry weight, mg)(1,000 mL/L) ÷ (Sample vol., mL)
Velocity = Flow
Area

OR

Distance
Time

Volatile Solids, % = (Dry Solids - Ash Solids) (100%)
Dry Solids
Volume of Cone = (1/3)(0.785)(Diameter2)(Height)
Volume of Cylinder = (0.785)(Diameter2)(Height) OR (π)(r2)(h)
Volume of Rectangle = (Length)(Width)(Height)
Volume of Sphere = [(π)(diameter3)] ÷ 6
Waste Milliequivalent = (mL) (Normality)
Waste Normality = (Titrant Volume) (Titrant Normality)
Sample Volume
Weir Overflow Rate =

Flow
Weir Length
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We welcome you to complete the assignment in Microsoft Word. You
can easily find the assignment at www.abctlc.com.
Once complete, just simply fax or e-mail the answer key along with the
registration page to us and allow two weeks for grading.
Once we grade it, we will e-mail a certificate of completion to you.
Call us if you need any help. If you need your certificate back within
48 hours, you may be asked to pay a rush service fee of $50.00.
You can download the assignment in Microsoft Word from TLC’s
website under the Assignment Page. www.abctlc.com
You will have 90 days in order to successfully complete this
assignment with a score of 70% or better.
If you need any assistance, please contact TLC’s Student Services.
Once you are finished, please mail, e-mail or fax your answer sheet
along with your registration form.
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