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February 22, 2010
Mr. Larry Thompson
Damascus, Oregon 97089
Dear Mr. Thompson,
The following report was written as a capstone project for Oregon State University’s Ecological
Engineering senior design class. The report assesses the design and feasibility of a decentralized
wastewater treatment facility on the prospective residential development of your farm in Damascus,
Oregon. The scope of this project was to design an on‐site wastewater treatment system that
reflected the student views of ecological engineering incorporated into the plans of Damascus,
Oregon to develop a small sustainable community.

In the last couple of decades the goal of

wastewater treatment has shifted with a greater emphasis on re‐using treatment byproducts such as
biosolids for fertilizer, methane for heat, and nutrient rich effluent for agricultural application. This
report is not intended to provide a detailed engineering design, but to assess the practical,
environmental, and economic considerations of installing and maintaining an on‐site treatment
system.
Interest in on‐site waste treatment systems is longstanding; however the adoption of these systems in
recent years has been minimal. From a regulatory standpoint, the adherence of new developments to
the centralized system is preferred because it is easier to keep track of and manage one point source
rather than multiple smaller sources created by decentralized systems. From an economic standpoint
this is not always the preferred option due to the capital cost of connecting a rural development to the
main system as opposed to treating, reusing, or disposing of wastewater on‐site. In the case of
Damascus, Oregon this report will analyze the treatment alternatives of a decentralized system and
provide cost information that could be used to compare with the costs of connecting to a centralized
sewer
Best Regards,

Benjamin Morelli, Benjamin Simpson, Gregory Woloveke, & Vincent Likewise

Exploring the Feasibility of De‐centralized
Waste Water Treatment in a Small
Community Development

March 2010
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List of Abbreviations:
AS: Activated Sludge
BOD: Biological Oxygen Demand
CEC: Cation Exchange Capacity
COD: Chemical Oxygen Demand
DO: Dissolved Oxygen
EFB: Ecological Fluidized Bed
EPA: Environmental Protection Agency
FSS: Fixed Suspended Solids
NPDES: National Pollution Discharge Elimination System
NTU: Nephelometric Turbidity Units
ODEQ/DEQ: Oregon Department of Environmental Quality
ON: Organic Nitrogen
ORT: Organic Loading Rate
RBC: Rotating Biological Contactor
SRT: Solid Retention Time
TDS: Total Dissolved Solids
TMDL: Total Maximum Daily Load
TP: Total Phosphorus
TSS: Total Suspended Solids
UV: Ultra Violet
VSS: Volatile Suspended Solids
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Executive Summary:
A farmer from Damascus, Oregon has asked for a proposed design of a wastewater treatment system
that will be sustainable and serve a community of around 600 homes. These 600 homes will cover an
area of 57 acres and there will be 20 acres of farmland adjacent. The system is to be environmentally‐
friendly and relatively easy to maintain. The following report describes a proposed system that will fit
these requirements.

Each house in the community will separate greywater from blackwater. From the houses, the
blackwater will flow through the treatment system. The greywater bypasses the first few steps and is
re‐entered into the system at the head of the constructed wetland. The first step in the system is a
bar screen to remove large solids. From there it will flow to a septic tank, where solids will be allowed
to settle. The water drawn from the septic tank will flow to a trickling filter which will substantially
reduce the Biological Oxygen Demand (BOD) and Total Suspended Solids (TSS). The sludge produced
here will be sent, along with the septic sludge, to the anaerobic digester, where it will be treated to a
quality (“Class A”) that allows land application on food crops. Methane generated in the septic tank
and anaerobic digester will be used to provide process heat to these units and excess heat can be
used to warm homes in the winter. The water effluent from the trickling filter will be reunited with
the greywater before entering a constructed wetland. Here the greywater will be purified while
serving as a carbon source to denitrify the blackwater. After wetland treatment a UV disinfection unit
satisfy pathogen requirements. Following disinfection the wastewater can either be applied to the
farmland, greenhouses, or in the winter, discharged directly into a nearby stream. The quantity of
effluent dealt with will be sufficient to provide all the irrigation requirements for the community.

Although there are many possibilities and unknowns to be resolved, outlined is our best design for
treating the communities waste in a sustainable and cost competitive way.

Problem Statement:
The city of Damascus, Oregon has extended its urban growth boundary to the east. At the edge of
this new border lies the property of a farmer, Larry Thompson. Due to new land use regulations and
for the benefit of his family, Mr. Thompson has begun plans to develop 77 acres that will lie in the new
urban boundary. As a four‐student team from Oregon State University, with guidance from two
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professors from Biological and Ecological Engineering, we have undertaken the basic design and
feasibility study of a decentralized wastewater treatment system for the homes and buildings in the
expected developments. Our team accessed the pros and cons of several possible treatment systems,
with the goal of producing a basic schematic of a system that best meets the goals of Mr. Thompson
as well as our own vision representing ecological engineering. Mr. Thompson is in essence a client of
our team, so it is also very important that we keep in mind his goals. This means determining if such a
system is feasible and preferable to connecting with a centralized sewer system. It also means
designing a system that minimizes costs, provides benefit to the community, and fits into his vision of
a “sustainable community”.

We also coordinated with other groups, getting feedback from

professionals and discussing economic considerations with AREc (Agricultural Resource Economics)
students.

Over the next 20 or so years, Mr. Thompson expects to develop the area in multiple stages. Last year,
with help from the University of Oregon’s Architecture department, several potential development
plans were prepared. While they do differ in many details, there are important similarities. All
foresee 20 of the 77 acres total to remain in production as farmland and/or greenhouses. A small
amount of land will be dedicated to restaurants and shops, with an additional 2‐10 acres being
allocated to our project. The rest will be developed into “medium density housing” totaling 400‐600
residences. By keeping farmland in direct proximity to the homes, it is Mr. Thompson’s goal to get
people more in touch with food production and enable a more closed loop system that supports his
goals of a sustainable community. He appears to be quite flexible and willing to provide the necessary
space to reach his goals and ours.

Understanding of the landscape and climate of the local area is crucial to design of a truly sustainable
community.

The food production, heating and energy requirements and many habits of the

community will be dictated by cycling of the days and seasons. In Clackamas County we could expect
an average yearly temperature of about 55° F and about 45 inches of precipitation (OCS, 2010). The
stormwater from this development will not be treated in our plant; therefore rainwater will not alter
our design to a large degree.

For the purpose of creating a wastewater system design, some important assumptions were required.
We assumed that the development would occur in 3 equal phases, with each producing 200 new
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residences with an average of and 4 people each. Wastewater per‐capita flow rates and waste
concentrations were determined using conservative estimates from Wastewater Engineering:
Treatment and Reuse (Tchobanoglous, 2003). A system for greywater and blackwater separation is
assumed to be a part of the development, allowing us to focus the majority of the treatment on the
blackwater while minimally treating the greywater before re‐use in irrigation.

Many other

assumptions were made surrounding the design specifications and will be discussed in greater detail
in subsequent sections.

Pertinent Regulations:
As one would expect when dealing with wastewater in close proximity to humans, there are many
regulations that apply to the processes being suggested for Thompson Farms. In this section we will
summarize the regulations as they pertain to our chosen treatment methods, means of disposal, and
beneficial uses (Table 1). Many of the rulings cited in this section allow for slightly varying water
quality standards. Among these, we have adopted the most stringent requirements for each aspect of
treatment to develop our proposed treatment process. Oregon Department of Environmental Quality
(DEQ) has left opened ended clauses in many of the pertinent regulations so that they hold power
over effluent quality throughout the permitting process. We used values in our design that we feel
will provide for human and environmental safety. DEQ will ultimately be required to decide if the
proposed design is adequate in light of their interpretation of the rules.

In order to set an example for sustainable development Thompson Farms hopes to treat wastewater
on‐site and put the nutrients and water to beneficial use. The 20 acres of land that will be maintained
in production will be irrigated with reclaimed wastewater following treatment. Thompson farm deals
mostly in food crops and as such will be expected to produce Class A wastewater. DEQ Class A
wastewater reuse standards require oxidation, filtration, and disinfection. These regulations also
specify that turbidity must be maintained below an average value of 2 NTU and median total coliform
count must be less than 2.2 organisms/100 mL of water (OAR 340‐055, 2009).
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Table 1: Wastewater Effluent Discharge Standards
Water Quality Parameter

Effluent Standard

Regulatory Organization

Legislation

Biochemical Oxygen Demand

10 mg/L

ODEQ

OAR 340‐041

Temperature

16 – 20 °C

ODEQ

OAR 340‐041

TDS

100 mg/L

ODEQ

OAR 340‐041

TSS

< 2 NTU (~3.5‐11 mg TSS/L)

ODEQ

OAR 340‐055

Ph

6.5 ‐8.5

ODEQ

OAR 340‐041

Toxics

< Background levels

ODEQ

OAR 340‐041

DO

> 6 mg/L

ODEQ

OAR 340‐041

Pathogens

<2.2 organisms/100 mL

ODEQ

OAR 340‐055

Bacteria and turbidity are also included in the Willamette Sub‐basin Total Maximum Daily Load
(TMDL) that dictates water quality standards at our location. Johnson Creek and Noyer Creek are both
small tributaries of the Willamette and Clackamas Rivers, respectively. Both water bodies are covered
by the same TMDL standard (OAR 340‐041, 2009). Bacteria, temperature, toxic substances, turbidity,
pH, dissolved oxygen (DO), and total dissolved solids (TDS) are all covered under this ruling. The
pertinent water quality criteria that we can expect to be held to are compiled above in Table 1. Based
on our site layout, seasonal agricultural water requirements, and applicable temperature
requirements, it makes sense to release our wet‐season discharges into the Johnson creek basin.
Noyer creek is a tributary of the Clackamas, which is designated as “core cold water habitat” and as
such is required to meet effluent discharge temperatures of ≤ 16°C. Johnson creek is only held to an
18°C standard (OAR 340‐041, 2009).

In addition to setting effluent quality standards Oregon DEQ is responsible for treatment of sewage
sludge and classification as Class A or Class B biosolids. Most of Oregon state law was written in
deference to federal regulation concerning biosolids under 40 CFR Part 503. Production of Class A
biosolids requires that heavy metal concentrations be maintained below stated maximum levels (see
Appendix I, Table 1 (DEQ OAR 340‐050)). Treatment of sewage sludge for pathogen removal is based
on treatment method used and not on the results of pathogen testing (Sullivan 2009). This will be
helpful for implementation in our community where regular testing could pose a problem due to
required manpower. A list of acceptable pathogen and vector reduction methods are found in federal
Page 8

code (40 CFR Part 503, 2010).

All the above effluent standards will be built into a comprehensive National Pollution Discharge
Elimination System (NPDES) Permit that will be written for our facility by DEQ. It is also possible that
the facilities may need a Water Pollution Control Facility permit. These permits are required by all of
the state laws surrounding effluent discharge, wastewater reuse, biosolids treatment, and biosolids
application.

In addition to state and federal requirements, Clackamas County has additional permits and
regulations that will need to addressed. A Site Plan, detailing proposed construction, must be
submitted to the County for approval. Due to the proximity to the stream, use of biosolids, and other
special considerations, several other applications must be submitted for the county to review. Many
of the required permits have fees associated with them which can depend on the size of the
treatment facility. Clackamas County also has numerous building codes and zoning rules to which the
construction process will be held. These include but are not limited to septic tank guidelines and
stream buffer requirements. A complete list of these regulations can be found in Appendix I.

A full summary of organizations overseeing the treatment system, their role, and the governing
legislation is presented below in Table 2.

Table 2: Governing organizations, their role, and pertinent regulations
Organization

Role

Pertinent Legislation

Oregon DEQ

NPDES Permit Administrator

OAR 340‐045

Biosolids Use

OAR 340‐050

Wastewater Reuse

OAR 340‐055

Septic Construction

OAR 340‐073

TMDL

OAR 340‐041

Clackamas County

Site evaluations, various permits, Appendix I
reports and licenses

U.S. EPA

Biosolids Use
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40 CFR Part 503

Alternatives Selection:
Municipal wastewater will naturally contain a variety of constituents that will need to be treated. The
first one that will need to be addressed is foreign objects that may enter the system. These can clog
or break equipment in the system as well as reduce efficiency in treatment. Luckily, a simple physical
screen as a pretreatment step should suffice to keep out litter and debris. After comparing prices and
performance data, it was decided a bar screen would be simple and cost effective for our site.

A septic system was first considered as the beginning step in the treatment train. They are simple,
reliable, and a proven technology. These systems require very little upkeep, and passively settle out
and partially digest some of the incoming solids. An anaerobic digester was also considered to serve
the role of primary sedimentation and stabilization of accumulated sludge. An anaerobic digester is
able to achieve greater levels of treatment than the septic system and generates useful methane as a
treatment byproduct. Originally an anaerobic digester was considered to replace the septic tank as
the first step in the treatment, however, upon further research, including development of a planning‐
level anaerobic digester design sufficient for this project, it became apparent that this technology is
more suitable for high strength waste. Due to this a septic tank was again chosen to be the first step
because they are in essence a slow rate and uncontrolled anaerobic digester, this option made more
sense to provide primary sedimentation and partial pre‐treatment. This will prepare the waste stream
sufficiently to allow other low‐maintenance technologies to do the remainder of the water treatment
and utilize the anaerobic digester more efficiently by solely treating the higher strength sludge
produced throughout treatment system. This combination of septic system and digester allows us to
minimize the costs and maintenance of the digester and still have the benefit of producing biosolids
and methane.

In the course of alternatives selection we weighed a number of options for aerobic biological
treatment.

Many of the fundamental processes in wastewater treatment occur under aerobic

conditions. BOD, TSS, Phosphorous, and Nitrogen must all be treated prior to discharging effluent for
reuse or disposal. Aerobic environments utilize oxygen as the electron acceptor to mediate reactions
that convert BOD to cells and nitrify ammonia in the waste stream. In many situations aerobic
reactions are more efficient and occur in less time than their analog reactions in anaerobic
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environments. Aerobic reactions also produce less foul odor. The microorganisms that mediate these
reactions occur in attached or suspended growth configurations.

Activated Sludge System:
Activated sludge is a suspended growth process that has been the standard in wastewater treatment
since the mid 1900s (see schematic Appendix J, Figure 3). The activated sludge process has many
opportunities for operator manipulation to reach desired effluent characteristics.

Mechanical

aeration provides a consistent and controllable environment that is well suited to meeting regulatory
requirements. Activated sludge systems are expensive due to energy costs associated with aeration.
These systems also require increased operator involvement to ensure proper operation and to oversee
the operation of return activated sludge cycling that is used to provide a consistent microbial
community. The need for daily operator involvement in system operation is prohibitory to the limited
financial resources of a small community. The opportunity to utilize more passive options also follows
nicely from the ecological perspective from which the problem is being approached.

Rotating Biological Contractors:
Rotating biological contactors (RBCs) are similar to trickling filters in that they are both attached
growth aerobic processes. RBCs consist of large central axle cylinders that are composed of plastic
disks with large surface areas for the growth of microorganisms (Schematic in Appendix J, Figure 3).
Partial submergence in the wastewater decreases the amount of physical strain that results from
bearing the weight of water and biomass that accumulates on the packing material. These systems
invoke many of the same benefits as the trickling filter including relative ease of operation, lower
energy consumption than comparable activated sludge systems, and long solids retention times (SRT).
Long SRTs decrease the amount of sludge produced in secondary treatment. However, RBCs are more
mechanically complex and do not have as large a body of data surrounding their performance and
design.

Ecological Fluidized Bed:
Ecological Fluidized Beds (EFBs) are an example of submerged packed bed reactors. These reactors
come in many different configurations and can fulfill a diversity of functions including filtration, BOD
removal, nitrification, and denitrification of influent wastewater (EPA, 2001, pg 15). EFBs function as
two nested chambers (for a schematic drawing, see Appendix J, Figure 2) where the water is circulated
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through the inner chamber between 100‐1000 times during the hydraulic residence time (HRT) of the
outer chamber. Quick internal cycling enhances the filtration function of these reactors. Nitrification
and BOD removal can be facilitated if airlifts are used for internal cycling. Denitrification can be
accomplished under anaerobic conditions if mechanical pumps are used and a carbon source is
provided (EPA, 2001, 15). These systems are efficient per unit area of footprint and take up less space
per unit of water treated. Any sludge that is generated through sloughing and filtration settles into
the outer ring and must be removed manually. During the backwashing process the packing media is
“fluidized,” from which the name is derived, and the accumulated material is agitated loose from the
media and removed with the backwash water. As with previous alternatives increased operator
control associated with highly mechanized systems is prohibitive with the manpower that the
community will be able to provide.

Design Selection:
The final system designed makes use of many different components and is shown below in figure 1.

Septic Tank

Influent

Trickling Filter

Clarifier

Sludge
Recycled
Water
Slough/Sludge
Anaerobic Digester

Wetland

Off‐
Gas
Methane
Heat

Sand
Filter

Biosolids

Homes

Surface Waters
Crops

Fields and Greenhouses

Figure 1: Flow diagram of final system design
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UV Disinfection

After weighing the many possible treatment processes our team developed a treatment system that
we feel best fits the goals of the community and of ecological engineers. Our final design consisted of
a septic tank, anaerobic digester, trickling filter, and wetland followed by UV radiation for pathogen
reduction. Blackwater will be fed directly from the residential area through a bar screen and into the
septic tank where the initial solids will be settled out and fed to the anaerobic digester and the rest of
the water will pass through to the trickling filter. The trickling filter will remove the majority of
remaining BOD and TSS along with providing a 90% nitrification rate. Effluent from the trickling filter
will next reach a constructed wetland that will act as polishing step along with providing our
denitrification requirements. Greywater will be fed from the residential area directly into the wetland
for treatment and to provide a labile BOD load that will be utilized as one of the carbon sources for
denitrification reactions. Effluent from the wetland will then be sent through UV disinfection for
pathogen removal and then distributed. During the summer effluent will be both land applied and fed
to greenhouses for re‐use. During the winter when in‐stream flow rates are higher and the effluent
will be discharged directly into Johnson Creek. A list of all the processes used is shown in table 3.

Table 3: Various Treatment System Components
Treatment

Function

Mechanism

Energy

Process

Maintenance

Compared to AS

Cost
($, Phase 1)

Bar Screen

TSS Reduction

Physical Screening

Low

Med/Weekly

30,000

Septic Tank

TSS Reduction,

Sedimentation,

Low

Low/Monthly

113,500

BOD Removal

Biological Reactions

BOD Removal,

Biological Reactions

Med

Med/Weekly

42,000

Sedimentation

Med

Med/Weekly

32,000

Biological

Low

Low/Monthly

235,000

Physical Screening

Low

Low/Monthly

Couldn’t be

Trickling Filter

Nitrification
Clarifier

TSS Reduction,
BOD Removal

Wetland

BOD Removal
Nitrification
Denitrification

Sand Filter

TSS

Biological

UV

Disinfection

Determined

Biological

High
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Med/Monthly

62,000

The cost of each component and sum total for the system is shown below in table 4.

Table 4: Total Process Cost, for Phase 1 of Build Out
Unit Process

Cost ($)

Bar Screen

30,000

Septic Tank

113,500

Anaerobic Digester

180,000

Trickling Filter

42,000

Clarifier

32,000

Wetland

235,000

UV Disinfection

62,000

Total Cost:

694,500

Bar Screen:
A bar screen will be provided as an initial pretreatment step to remove any foreign debris out of the
blackwater.

Because influent wastewater is delivered directly from residential homes there is

probability that a foreign object such as a rag or other miscellaneous trash may find its way into the
system. Foreign objects may be detrimental to treatments systems due to possibilities of mechanical
failure, clogging, and associated reduction in treatment efficiency. Through implementing a bar
screen as a pretreatment step we can eliminate the risk of future mechanical failure along with the
cost and risk of needing to take the system offline in order to perform necessary repairs. A bar screen
featuring the specification listed in Table 5 is commercially available through Comarco industrial
(Comarco Industrial, MS8‐400‐2, West Linn, Oregon) with detailed specifications available in Appendix
A. The bar screen chosen is a mechanically cleaned step screen, which means the screen travels in a
circular track with any material caught being automatically removed by a catch at the top of the
device.
Table 5: Bar Screen Specifications
Camarco Step Screen Model
Discharge Height
Effective Width
Total Width
Space Opening
Thickness in Bars
Thickness in Frame
Installation Angle
Material of Construction

MS8-400-2
32.0 in
16.0 in
20.0 in
2 mm
3 mm
5 mm
50o
AISI 304
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Maintenance will include regular inspections, replacement of auto‐lube canisters, occasional pivoting
out of the channel for cleaning, and occasionally a more thorough inspection of wear components and
moving parts. Out of the channel cleaning can be done with pressure sprayers or steam cleaning.
Table 6 provides an approximate breakdown of individual part lifespan.

Table 6: Comarco Bar Screen Part Replacement Schedule
Component

Replacement Frequency

Bearings

5 ‐ 10 Years

Bushings

4 ‐ 8 Years

Intermediate Plastic Spacers

4 ‐ 5 Years

Upper Bar Spacers

4 ‐ 8 Years

Lower Bar Spacers

3 ‐ 6 Years

Auto‐Lube Canisters

3 ‐ 6 Months (Consumable Item)

Anti‐Rollback Brake

6 ‐ 8 Years

Gearbox Assembly

10 ‐ 15 Years

Detailed in Table 7 is a breakdown of the cost associated with installing a “Comarco Bar Screen.” The
total upfront cost of the screen is $30,000 dollar. The motor required to power the screen is less than
1 horsepower and only 1 hour of maintenance per month is estimated.

Table 7: Bar Screen Cost
Upfront Cost

Annual Costs:

Comarco Bar Screen

22,500

Electricity

$200

Installation

$7,500

Maintenance

12+ Hours

Septic Tank:
Following the bar screen, the blackwater is routed into what will in the fully built‐out system be a
series of 3 parallel septic tanks each with a total volume of 360 m3. This technology is in use around
the world in rural locations where access to municipal sewerage is unavailable. According to the 2005
Census 20% of surveyed households in Oregon rely on septic tanks for wastewater treatment (U.S.
Census, 2005). Septic tanks act as anaerobic sedimentation basins that aid in the treatment of water
and sludge stabilization.

While in many rural locations a septic system provides the only treatment

prior to re‐introduction of treated wastewater into the environment, here it is incorporated into a
Page 15

complementary waste treatment system.

The septic tank will fulfill multiple functions in our treatment train. Removal of influent BOD and TSS
is the most notable function. Septic Tanks generally have a wide range of reported effluent qualities
and removal efficiencies. This is likely due to variation in the amount and quality of maintenance. If
operated properly removal efficiencies at or above the values presented in Table 8 can be expected.
The removal percentage presented in the second column of our table represents large communal
septic tanks employing effluent filters, which well represents the scenario designed for. Upon leaving
the septic tank > 85% of nitrogen will be in the form of Ammonia (U.S. EPA, 2002). Phosphorous
reduction in the septic tank cannot be counted on to a significant degree. Any phosphorous removal
that does occur can be expected to result from association with sediments that leave the system as
sludge. TSS reduction is not only required for final effluent quality, but is necessary to ensure proper
functioning of the trickling filter to follow. Three 6,000 gallon per day effluent filters will be included
in each tank to improve effluent TSS concentrations.

Table 8: Average Septic Tank Removal Efficiencies.
Wastewater Pollutant

% Removal (EPA, 2002)

% Removal (Bounds 1997)

BOD

75

64

TSS

69

91

TN

0

N/A

TP

0

N/A

Over winter sludge storage will be another key function of the septic tank. To match the expected
agricultural and gardening demand patterns found in Western Oregon, the anaerobic digester will be
run only during the summer months (May‐Sept) to treat sludge waste to Class A biosolids. During the
remainder of the year (Oct‐April) the sludge will be allowed to build up in the septic tank until suitable
environmental conditions are available for biosolids application. Oregon state law prohibits the
application of biosolids to frozen or saturated ground and also from long‐term (here taken to be any
time over 8 hours) storage of Class A biosolids resulting from the potential for subsequent pathogen
generation (OAR 340‐050, 2009). The previously suggested mode of operation will eliminate the need
for off‐line storage and enable us to apply freshly processed biosolids to surrounding agricultural lands
at the appropriate time of year.
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The septic tank design is divided into 3 long compartments that are arranged in serpentine fashion
(Crites & Tchobanoglous, 1998). This design will limit short‐circuiting and provide better suspended
solids removal than a single‐compartment tank (U. S. EPA, 2002). The design includes a sunken
bottom that meets at a single drain for ease of pumping (see schematic Appendix B). This design
feature requires maintaining a minimum level of solids in the system throughout the year to provide a
consistent microbial community and prevent short‐circuiting to the common bottom. If deemed
necessary movable internal walls can be used to completely separate the common bottom while still
allowing the use of a single sludge pump.

The structural integrity of the tank, minimum internal dimensions, minimum service access, along
with watertightness are all mandated by Oregon State Law (OAR 340‐073, 2009). The tank was
designed and costs estimated using empirical data available on previously constructed units. The
design provided in Appendix B of this report has been specifically designed to meet all but the
structural requirements, which can be met by sizing adequate supporting columns for the roof and
internal walls. Internal volume of the tank has been designed to provide a 4 day HRT when 25% full of
solids. This HRT will be reduced throughout the winter as solids build, but will still remain well below
the minimum recommended value of 1 day (U.S. EPA, 2002).

According to the provided design, tank cost was estimated based on materials of construction, Table 9.
The most up to date version of RS‐Means construction cost estimation guide available was for the year
2002 (Howard, 2002). The value obtained was then transformed to 2010 dollars using an average
inflation rate of 2.83% per year, since 2002, compounded annually. The calculation performed in
Appendix B, resulted in a materials cost of approximately $37,800. Perry’s Chemical engineering
handbook provides a coefficient system for determining the installed cost based on major
infrastructure expenditures for anything that exceeds the cost of a pump. These calculations produce
a final cost per septic tank of approximately $113,500 in 2010 dollars.

The septic tank was chosen in part because of the low maintenance required. The designed storage
capacity and sludge pump installed will make for easier sludge removal and processing. The Zabel
brand filters used to price the system require cleaning approximately once every three years. This
process is simple however and it should be no problem to clean them off every year when anaerobic
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digestion is started for the season.

Table 9: Materials costs for the construction of Phase 1 septic tank.
Material (RS‐Means reference #)

Cost (in 2002 dollars)

Foundation (03300‐240‐4000)

4,300

Ceiling, elevated slab (03300‐220‐1900)

6,700

Walls, 4” thick, 6000 psi (03300‐220‐0411)

3,900

Placement, pumped (03300‐700‐0010)

2,300

Reinforcement, #8 rebar (03200‐600‐0150)

8,600

Effluent Filters, Zabel®, 3 @ 6,000 gpd

1,000

Sludge Pump, Lobestar® M34+control panel

11,000

Total (adjusted to 2010 dollars)

37,800 (47,300 in 2010 dollars)

Trickling Filter:
Following the septic tank, a trickling filter (for schematic see Appendix C, Figure 3) will be used to
reduce remaining BOD, TSS, and Ammonia Nitrogen without the use of mechanical aeration. Natural
ventilation caused by temperature differences between pore and ambient air generally provides
sufficient oxygen, but fans can also be employed (Tchobanoglous, 2003, pg 893). The advantages of
trickling filters as they pertain to this project are listed below:
•

Can be run as nitrifying reactors

•

Contain durable process elements (U.S. EPA, 2000)

•

Require moderate skill to maintain

•

Utilize passive aeration

•

Are appropriate for small communities (U.S. EPA, 2000)

•

Long SRTs reduce sludge volume

•

Low power requirements

•

Low maintenance requirements

Long Solids Retention Times (SRTs) into the hundreds of days allow establishment of nitrifying
bacteria. According to Wastewater Engineering: Treatment and Reuse, “In most low‐rate filters, only
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the top 0.6 to 1.2 m of the filter packing will have appreciable biological slime. As a result, the lower
portions of the filter may be populated by autotrophic nitrifying bacteria” (Tchobanoglous, 2003, pg
894). Temperatures effect on nitrifying bacteria is considered more important for establishment of
nitrification in trickling filter systems for this reason. The rate of nitrification holds fairly constant until
the temperature of wastewater is brought to below 15°C (59°F) (Solomon et al., 1998). Although
performance will drop during the winter, a case study of Allentown, Pennsylvania’s wastewater
treatment plant indicates that nitrification is possible in regions with cold winter temperatures
(Solomon et al., 1998). Long SRTs also encourage in place endogenous respiration that decreases BOD
downstream and lowers the volume of sludge produced by the system.

If operated appropriately trickling filters can produce excellent quality effluent.

According to

significant empirical data it has been shown that a well operated series of trickling filter and
secondary clarifier can easily achieve effluent TSS and BOD concentrations of 20 mg/L
(Tchobanoglous, 2003, pg 905).

In calculations performed (Appendix C) using the NRC design

equations an effluent BOD concentration of 14 mg/L was calculated for trickling filter effluent
following the secondary clarifier. Any remaining organic nitrogen in the wastewater will be converted
to Ammonia.

At hydraulic loading rates between 0.07 and 0.22 kg/(m3*day) upwards of 90%

nitrification can be expected (Tchobanoglous, 2003, pg 893). The filter design that was decided upon
has a value that falls into the lower and thus more favorable part of this range. Phosphorous removal
in the trickling filter will be associated with cell growth as soluble BOD is converted to biomass.
According to calculations in Appendix C this source of removal will be negligible for our loading rates.
It is typical to assume that all soluble BOD in secondary treatment is converted to biomass.

Trickling filters involve reliable mechanical components and are durable in their construction. The
main reactor consists of a cylindrical cement tank with an open top. Assuming phased construction
three parallel trickling filters were designed each being 8m (26 ft) in diameter. A filter depth of 2m
was assumed.

The tank will contain coarse rock media between 2.5 and 10 cm in diameter

(Tchobanoglous, 2003, pg 896). The cost estimation presented in Table 10 reflects the previous
values. A central pivoting distribution arm will be used to distribute the wastewater over the surface
of the rock media. With a recycle rate of zero, a diameter of 8 m, and a flow of 67 m3/day our
hydraulic loading rate will be 1.5 m3/(m2*day). Using these values and an anticipated BOD loading of
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8 kg/day the organic loading rate (OLR) was calculated (Appendix C) equal to .08 kg BOD/m3*day.
Both of these values fall within the acceptable range (Tchobanoglous, 2003, pg 893). A low OLR will
encourage the growth of nitrifying bacteria and decrease potential for clogging the rock media over
time. Adequate ventilation will need to be provided at the bottom of the filter to ensure that
conditions do not become anaerobic in the lower levels of the packing media.

Low maintenance requirements are one of the reasons TFs were chosen over other unit operations.
Odors can be a concern if high organic loading is used. The filter as designed has the lowest organic
loading allowable to encourage nitrification and periodic flushing can be used to remove excess solids.
Filter flies can also become a problem if inadequate moisture is retained on the filter media. Our
hydraulic loading rate should be adequate to prevent this, but periodic flushing can also beneficially
reduce this issue (U.S. EPA, 2000). Mechanical issues have potential to occur with the pump or
distributor arms.

This should not amount to more than a few hours per month with regular

maintenance.

Table 10: Trickling Filter Cost and Maintenance Estimates
From RS Means

Sludge and water pump

2 units

$2,800.00

assuming a 6 inch thick wall
volume of concrete
Concrete
Waterproofing
535.83 ft^2 of wall for reinforcing at
Forming
flooring under form material
materials(lumber+accessories)
fill 3/4‐1‐1/2"
DBS mfg

273.0672 ft^3

$10.00 yard^3

$71.50 yard^3

$720.00

$4.68 yard^3

$47.00

$0.75 per sq. ft.
$288.12 per 100 sq. ft.
$0.49 per sq. ft.
$676.56

$400.00 (6 in. spacing)
$2,035.00
$345.00
$675.00

$22.50 per yard^3

$4,700.00

distributor

$30,000.00

Total

$41,700.00

rotary distributor (4‐arm)
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For first year

Clarifier:
Immediately following the trickling filter a secondary clarifier is included to capture any biofilm that
sloughs off the media or remaining TSS. The resulting sludge will be pumped back to the septic tank
for storage until it is processed in the anaerobic digester. In order to size the clarifier an overflow rate
of .4 m/hr was found in a table for an assumed sidewall depth of 2 meters. Using our community’s
blackwater flow rate of 67 m3/day a 7 m2 surface area was calculated. These values translate to a
diameter of approximately 3 meters and a total volume of 14 m3. These values and a clarifier
schematic (AppendixD) were used to calculate the clarifier costs presented in Table 11. The previously
stated reactor volume and flow rate can be used to calculate a hydraulic retention time for our
clarifier of 5 hours (Appendix D).

Table 11: Clarifier Cost and Maintenance Estimates
From RS Means

sludge pump
Concrete

$1,400.00

$71.50 yard^3

$20.00

Waterproofing

$4.68 yard^3

$2.00

Reinforcing

$0.75 per sq. ft.

Forming
flooring under form material
materials(lumber+accessories)
DBS mfg

1 unit

4‐arm rotary distributor

$288.12 per 100 sq. ft.
$0.49 per sq. ft.
$676.56

$200.00
$100.00
$175.00

1 unit

For first year

$150.00

Total

$30,000.00
$32,000.00

*Note that the distributor arm is similar to that of the trickling filter and for lack of a better cost estimate it is priced the
same.
Constructed Wetland:
A constructed free‐water‐surface wetland will perform the final step of treatment. The wetland
will receive treated blackwater from the trickling filter and will also be fed untreated greywater
directly from the surrounding residential area. The design of the constructed wetland must take
both environmental factors and effluent goals into account. Due to the temperate climate of the
Pacific Northwest the wetland will be sized to a larger area as a safety factor in order take into
account lower reaction rates during the winter months. As a safety factor the wetland depth also
takes into account a 10 year (72 hour) storm event that will input an extra 0.15 inches of water into
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the wetland over its entire surface area (Clackamas 2004). The design parameters for the wetland
are presented in the Table 12.
Table 12: Constructed Wetland Design
Design Parameters
Flow Rate (m3/d)

167

Porosity

0.65

Detention Time (d)

10

Depth (m)

0.45

Area (m2)

5000

The constructed wetland will be designed to handle a flow of 167 m3 / day and needs to provide at
least an 80 percent nitrate reduction from 51 to 10 mg/L. While a more complex and irregular design
is preferred to obtain a greater level of integration with local wildlife, our design will remain a simpler
rectangular shape due to space constraint issues associated with the full 600 home build out. Total
wetland size will be 5000 m2, which translates to just over 1.2 acres. The wetland will be designed
with a length to width ratio of 2:1 and be constructed using horizontal dikes constructed at 90 percent
of wetland length in order to obtain a serpentine flow; the objective of this is to limit short‐circuiting
caused by hydrodynamic dispersion and maintain an increased level of efficiency. A detention time of
10 days is chosen to provide adequate time for denitrification to occur and a depth of 0.45 meters is
chosen to account for direct precipitation and keep the wetland shallow to effectively increase sub‐
surface contact area where beneficial reactions will occur.

The surface and outer walls of the wetland will be lined with clay in order to prevent any groundwater
contamination into or out of the wetland area. The clay must then be lined with another layer of soil
to provide a growth medium for emergent plant species, choosing a soil with high clay content will
also be beneficial for phosphorus removal efficiency by increasing the capacity for cation exchange
(CEC), however, the amount of soil needed would raise the total cost considerably. Instead the
existing excavated soil, Cascade silt loam, will be used. Cascade silt loam does not offer as high of a
CEC value, however, it does fair much better than a soil that is more dominantly silt allowing us to gain
the benefits of ion exchange directly impacting the ability for the wetland to further remove
phosphorus.
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A properly designed wetland will contain diverse amount of vegetation in order to increase associated
biological diversity. The wetland will contain multiple types of plant species: emergent and aquatic
vegetation. Submerged aquatic plants will not be used because they “do not have attributes that
would be useful in wastewater treatment” (Hammer, 2002 pg 81). Emergent vegetation will consist of
cattails, reeds, and rushes. Cattails and reeds share similar growth characteristics and can reach a
dense coverage in less than a year with initial spacing of 0.6 meters. Both these species provide food
and habitat for birds and other associated wildlife and will be planted in the deeper interior of the
wetland to make use of their 0.4‐meter root penetration. Rushes will be peripherally planted with
0.15‐meter spacing and provide habitat enhancement as food for birds and muskrats along with their
added nutrient uptake benefits. Aquatic vegetation will consist of duckweed; duckweed is cold
tolerant and can function in “…minimal temperatures of just 7oC” (Reed et al., 1995 pg 158). In a
comparison with water hyacinth, another common aquatic plant, duckweed presents a better choice
for nutrient removal because it, “…contains twice as much protein, fat, nitrogen, and phosphorus”
(Reed et al., 1995 pg 158), this will be beneficial as added nutrient removal capacity.

Proper monitoring will be of fundamental importance in maintaining biological diversity and
functionality. The scope of monitoring will be directly linked with the treatment goals of the system.
In order to efficiently monitor a constructed wetlands influent and effluent conditions must be
monitored. Flow rate coupled with volumetric data and constituent concentrations are essential to
calculate mass loading rates, hydraulic detention time, and reduction efficiency across the treatment
system. Monitoring of vegetation must also be done on a periodic basis to ensure the health and
functionality of aquatic vegetation, it is important to identify early signs of stress in plant and animal
communities, as it is essential to the operation and maintenance of the treatment system.

Wetland Maintenance will primarily consist of monitoring intakes and outputs to remove any clogging
that may result from vegetation debris. Removal of vegetation debris will need to be fined tuned to
remove excess dead vegetation while providing enough decomposing vegetation to be utilized as a
carbon source which will discussed in a later section. Suspended solids monitoring will also be
important to ensure an effluent quality of less than 20 mg / L that will be critical in maintaining
efficient UV disinfection due to suspended particles directly affecting UV light penetration. Suspended
solids are expected to be safely below 20 mg / L and typical suspended solids removal efficiencies can
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be found in Appendix E.

Finally, phosphorus monitoring will be important due to prospective TMDL regulations on the
Willamette and Clackamas rivers. Phosphorus concentrations are expected to be near background
concentrations of the wetland once the system is in equilibrium with the wetland providing little
removal capabilities as discussed above. If resulting effluent phosphorus concentrations are too high
the option remains for an alum addition to septic tank influent to precipitate any phosphorus and
remove it through sedimentation inside of the septic tank.

Total wetland cost is estimated to be approximately $250,000 and an itemized cost is shown in Table
13. Site preparation costs were estimated using RS Means Construction Data (Howard, 2002 pg 381)
while structural components and site restoration were estimated using Natural Systems for Waste
Management & Treatment (Reed et al., 1995 pg 279).

Table 13: Constructed Wetland Cost
Cost ($)

Unit

Quantity

Cost ($)

1.80

m2

5000

9000

5.75

2

m

5000

29000

Dike Construction

10.20

m3

648

7200

Inlet

2000.00

Each

2

4000

Outlet

3500.00

Each

1

3500

Clay Liner

1.50

m2

5000

7500

Additional Piping

6.00

Ft

200

1200

0.60

m2

5000

3000

2

5000

175000

Total Cost:

$240,000

Site Preparation
Clearing
Excavation
Structural Components

Site Restoration
Seeding
Planting

35.00

m

The largest design obstacle for the constructed wetland will be ensuring nitrogen removal efficiency.
Nitrogen removal in wetlands occurs through two processes: plant uptake and through the process of
nitrification and denitrification. “Plant uptake can account for less than 10% of nitrogen removal”
(Hammer, 1988 pg 329) so our main design barrier will be providing the conditions required for
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nitrification and denitrification reactions to occur. Nitrification is the process of converting ammonia
into nitrate. Our current system is designed for 90% of ammonia to be converted to nitrate by
nitrification occurring prior to entering the wetland in the trickling filter. The wetland will also be able
to provide some nitrification in the aerobic zones located near the water‐air interface. Nitrification,
however, is a temperature dependent reaction and due to surface water temperature of the wetland
being closer to ambient air temperature its efficiency is uncertain during the colder months.

Denitrification is the next and final step of the nitrogen removal process, in order for the reaction to
occur two conditions must be met: the wetland must be designed to provide an adequate anoxic
surface area and detention time along with providing a sufficient carbon source for the reaction to
take place. Anoxic zones are characterized by an area with little to no oxygen, under these conditions
denitrifying bacteria can no longer use oxygen as their primary electron acceptor and instead must
oxidize nitrate with the final product being nitrogen gas. Calculations for denitrification are done
using plug flow relationships (Reed et al., 1995 pg 100) and can be found in Appendix E.

Providing an adequate carbon source to achieve the required level of denitrification will be the biggest
barrier to overcome. “In order to reduce 1 gram of nitrate to nitrogen gas 5‐9 grams of carbon is
required” (Reed et al., 1995 pg 195). Influent BOD will utilized as the primary carbon source for
denitrification, the wetland will receive a total BOD load of 25 kg BOD / day and will need to denitrify
7 kg nitrate / day. Assuming the conservative need of 9 grams BOD to remove a gram of nitrate, the
constructed wetland will only have the capacity to remove 40% of nitrate using BOD as the primary
carbon source. Decomposition of plant litter will be depended on as a secondary source of carbon for
denitrification. Tissue of the typical aquatic plant contains approximately 40% carbon on a dry‐weight
ratio. Vegetation will have an assumed annual yield of 30 metric tons / hectare along with assuming
40% of plant tissue will be available for carbon utilization (Reed et al., 1995 pg 195). The constructed
wetland will produce approximately 2300 kg carbon / year due supplied from decomposing
vegetation, a value that should be more than adequate to supply the remaining 60% of carbon
requirements.

Sand Filter:
A sand filter will be employed as a secondary filtration step in order to filter out excess suspended
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solids between the constructed wetland and the UV filtration. While the wetland needs to produce an
effluent an effluent quality of less than 20 mg / L to ensure efficient UV disinfection a final effluent
concentration of 3.5 – 11.5 mg / L is required in order to meet wastewater re‐use regulations set by
the DEQ. An intermittent sand filter will provide a TSS effluent of approximately 5 mg / L along with
providing removing a fraction of excess BOD present still.

A sand filter was chosen over a micro‐screen in order to retain a system characterized by natural
treatment. The filter will utilize a media bed of 0.6 meters with constructing sunk into the ground to
avoid any need for pumping along with the aesthetic value of less above ground operations. Loading
will be determined by orifice size utilizing the hydraulic head of the wetland to drive the flow rate. A
schematic, design specifications, maintenance, and cost estimates (ISF 2009) for sand filters can be
found in Appendix F.

UV Disinfection:
Coliform counts are high in raw wastewater and can be detrimental to human health. This creates the
need to have some form of disinfection so that the water can be safely discharged to the environment
or applied to agricultural lands. There are many types of disinfection methods. The three most
common methods are chlorination, ozonation, and UV. Chlorination is the most common method, but
not always the easiest or cheapest. For example, the size of our project is relatively small considering
it is only for 600 homes. This small size means that there is only 67 m3/day of wastewater that needs
to be treated and there is no need for a complex disinfection system. Overall the project is based on
ease of operation and maintenance as well. After researching each type of disinfection method it was
determined that UV radiation was the cheapest and easiest method for the situation. Disinfection
systems are typically designed to kill at least 99% of the coliform in the wastewater as well as other
various bacteria and viruses. In order to determine the correct exposure time of the water to the UV
light the following equation is used:

NDt=total number of surviving coliform bacteria at time t
ND(0)=total number of coliform bacteria prior to UV light application at t =0
k=inactivation rate coefficient, cm^2/mW*s
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I=average intensity of UV light in bulk solution, mW/cm^2
t=exposure time, s
(Tchobanoglous, 2003, p.1310)

Our system requires the ability to treat a flow of 30.6gpm. Based on information from American Air
and Water a UV system design to treat this flow after secondary filtration is as follows in Table 14:

Table 14: System requirements

AMERICAN AIR & WATER®, INC. (AAW‐6M‐HO, AMERICAN AIR & WATER®, INC., Hilton Head Island, SC)

The cost of the system played an important role in being able to identify the proper system for
disinfection. It needed to have a cheap installation and maintenance cost. This system is extremely
cheap to operate and maintain. One reason this system was chosen is because it has an automated
bulb wiper so that it can clean itself and someone will not have to continuously wipe the bulbs for
proper disinfection. The details of cost estimation are detailed below in Table 15.

This cost estimate is much lower than expected for the use of UV disinfection and also lower than
other methods of disinfection due to the volume of water being treated. It does not need storage
tanks or someone to add a specific amount of chemical everyday to disinfect the water. This lighting
technique is also more of a natural way of treating the water since it is using ultraviolet light and no
chemicals. Although this method may use more electricity the other in order to power the bulbs thee
will be no residue left like there would be if chemicals were added. That was one of the major design
considerations for this project as it was supposed to be ecologically friendly. Considering these factors,
the UV disinfection method was chosen.
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One major obstacle to using the UV disinfection method however, is the concentration of TSS in the
wastewater. High concentrations will hinder the performance of the UV lights and therefore TSS
concentrations greater than 20 mg/L should be avoided (White, 1992).

After this step in the process the water is then either used on the farmland or in greenhouses for
crops that will be eaten by the community

Table 15: UV Disinfection Cost and Maintenance Estimates
System

$6,995.00

per unit

Automatic bulb wiper

$1,500.00

per unit

UV Monitor

$1,250.00

per unit

High heat shutoff

$495.00

per unit

Part replacement

$35.00

per unit

Power

$27,500.00

$0.45 per m^3

Labor

$25,000.00

$0.42 per m^3

Total

$62,000.00 for first year

From American Air and Water

From Trojan Technologies

Anaerobic Digester for Sludge Processing:
While several different digestion methods exist to achieve the pathogen and vector attraction
reduction necessary, most require a proof of effectiveness through testing. Unfortunately we cannot
yet be certain whether or not a treatment will pass the tests for exceptional quality. We are therefore
limited to the small number of specific processes that are laid out in detail by the EPA and Oregon
DEQ. Some of these involve the use of chemical pH adjusters and/or high temperatures. Others
require aerobic conditions, requiring costly high‐pressure air. Because of our goal to limit necessary
inputs, none of these methods were chosen. Several other methods involve composting the sludge
after some degree of digestion. However, the labor and land requirements for such an operation
along with possible odor issues made this a less desirable choice. Another option would be to use a
specific temperature/time regiment outlined by the ODEQ. By using thermophilic conditions (50‐55o
C) for 5 days, we would be able to meet both pathogen and vector attraction requirements at the
same time. While thermophilic anaerobic digestion is currently only used to produce class A biosolids
at four waste water treatment plants in the U.S., they are growing in popularity and credibility, with
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five more planned for the near future. (Willis & Schafer, 2009) Because of the small footprint, small
up‐front capital costs and the possibility to produce valuable co‐products, a small‐scale thermophilic
anaerobic digester seemed well suited to treat the sludge generated in during the treatment of the
wastewater.

Sizing and Economics:
Sludge generation rates were determined using a method from Metcalf and Eddy's Wastewater
Engineering text, which gives sludge generation, on a dry weight basis, for each process based on the
total flow rate. Using our first build out blackwater flow of about 25,000 m3 per year, an estimated
3,700 kg/yr will be produced from primary sedimentation in the septic tank and 1,800 kg/yr from the
trickling filter, and 1,100 kg/yr from the wetland, totaling 6,600 kg/yr of dry solids. Assuming 5%
solids and a conservative estimate of sludge density of 0.9 kg/L, which is typically >0.95
(Tchobanoglous, 2003, 1063), we would be processing about 147 m3 /yr. If our thermophilic digester
runs at 5 day retention times, the necessary time to receive class A biosolids, we would need an
anaerobic digester with a volume of just over 2 cubic meters, or 530 gallons. Unfortunately, because
biosolids must be used within 8 hours of pathogen reduction treatment (ODEQ, 2009), the reactor will
only be run prior to periods of biosolids application. This means that we will only run the reactor at
full for about 5 months a year. This increases the volume by twelve‐fifths to 5 m3 or 1,300 gallons. To
leave a safety factor and to account for non‐used reactor volume, a design volume of 1,400 gallons
will be used.

The price of the anaerobic digester, with agitator, heater and heat exchanger is

estimated to be about $180,000. The digester itself with agitator will cost approximately $40,000
(Matches, 2003).

However, after excavation, instillation, piping, overhead, displays, and other

associated costs, this increases by a factor of about 4.3 (Perry et. al, 1997, section 25‐74) to about
$174,000 (Table 16). In addition, we will need a tank heater and double pipe heat exchanger. These
are estimated to be about $2,000 and $3,000 respectively, bringing the total to approximately
$180,000.
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Table 16: Costs associated with the anaerobic digester
Equipment/operation

Cost

Jacketed Reactor with Agitator (Carbon Steel)

$40,000

Labor, Displays, Piping, Overhead and Other Installation Costs

$132,000

Tank heater (Carbon Steel)

$2,000

Heat Exchanger (Small Double Pipe)

$3,000

Total

$177,000

Biosolids Application:
During anaerobic digestion, we can expect about 40‐50% of the solids to be removed via conversion to
gaseous form and recycling of water to the trickling filter (Tchobanoglous, 2003, 1057). Based on our
sludge generation rates of about 6,600 kg/yr of dry solids, we can then expect about to produce on
the order of 3 metric tons of biosolids on a dry weight basis. Application rates of fertilizers and
biosolids are typically calculated based on nitrogen loading and uptake rates. Anaerobically digested
biosolids typically contain about 5% nitrogen on a dry weight basis (Sullivan, 2007). We would
therefore expect on about 150kg (330 lbs) of nitrogen produced each year. Because nitrogen can be
applied and up‐taken at rates on the order of 200 lbs/acre and we have 20 acres of farmland, we
would not expect to generate more biosolids than can be put to use. Even at full development, we
would still only produce roughly a fourth of the maximum rate. Therefore, even when allowing a large
degree of error, we would not expect to produce more biosolids than can be put to use on‐site.

Methane Production:
During digestion, a substantial amount of solids are converted to a gaseous form. This “Biogas” is
typically around 65% methane, mostly resulting from COD removal (Hong, 2009). Based on our
conservative concentration estimates and removal efficiencies, we can expect on the order of 20,000
kg/yr of COD to pass through the digester. With a COD conversion efficiency of 70% and assuming 1g
of methane per 4g COD, we would expect to produce about 3,500kg of CH4 (1,225 m^3 at STP) each
year (Hong, 2009). Given an energy content of 35 MJ/m^3, we would expect on the order of
43,000MJ (43 Gigajoules) of methane energy to be produced each year. At 3.6 MJ per Kilowatt‐hour,
we would save around 12,000 Kwhs, which at $.08 /kwh (a typical rate in Oregon), would save $950
each year in heating costs. However, this is assuming no loss of heat energy during combustion and
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transfer to homes or digester. Even with excellent insulation and equipment, there will be substantial
losses of energy to the environment.

If we can expect about 147 m^3 of sludge each year, which is 95% water, we can estimate the amount
of heating the methane can provide the thermophilic digester. Using the specific heat capacity of
water, 4.186 kJ/Kg, (or 4.186 MJ/m^3), we could use the 43,000 MJ of energy to raise the temperature
of our 147 m^3 of sludge by nearly 70oC. Given that the digester will be operating during the growing
season, we would expect to only heat the sludge to around 30oC above ambient. This also assumes
no energy losses (adiabatic), however, which is entirely unrealistic. Even with excellent insulation and
efficient heat exchangers, we could never come near adiabatic conditions. Still, even with losses to the
environment as high as 50%, we could still easily use the methane to heat all of our sludge to the
thermophilic range and have excess to heat homes.

Discussion:
The project at Thompson Farms is challenging in both the concept behind development and in
selection of treatment options that meet often contradictory goals in:
•

aesthetics

•

human health

•

economics

•

environmental health

•

regulatory goals

To address contradictions it becomes the challenge of any engineer to rectify perspectives that have
traditionally been viewed as oppositional. Much valuable information has been learned throughout
the process that keys us in to possible solutions, but the thing that has become most apparent is that
a larger discussion will be required to pin down acceptable solutions. Much of this section will focus
on hitting at these larger contextual questions that aren’t so easily solved with a few unit conversions
on a piece of yellow paper. While not as “technical” as other information contained in this report they
are valid questions that will affect the chosen design.
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As our design process moved forward the project began to feel less and less like ecological
engineering and more like other engineering disciplines. It became apparent as we moved through
this program that ecological engineering is less of a concrete skill set, and more a problem solving
framework. Systems thought and complexity theory form the basis of this framework. Possibly the
most well known principle of systems theory is known as the holism principle. Simply stated this
principle says that, “the whole is greater than the sum of the parts” (Richardson, 2004). Complex
systems can be thought to contain many nodes that in this case span the regions of aesthetics, human
health, economics, environment, and regulatory compliance.

Traditional engineering approach follows a reductionist method. Nodes that don’t directly contribute
to system function are assumed away in an effort to make large data sets more tractable. While
effective, this method also serves to decrease the stability of engineered systems and compromise
robustness. Bringing the robust nature of ecological systems into alignment with other nodes is the
task charged to an ecological engineer.

This task in addition to the others considered by all

engineering disciplines.

Economics are a challenge to align with any wastewater project, mostly a result of the historically
undervalued role that water treatment has occupied in society. As such it becomes a necessity for
successful large‐scale implementation of ecological solutions to make them cost competitive with
more traditional options. Many within the field of ecological engineering believe that a new approach
to economics is required in order to more effectively align errant nodes, but this is not the system
under which we currently operate. It is our blessing that individuals such as Larry Thompson see the
intrinsic value in alternative solutions, and creative marketing techniques that can be used to close the
gap.

Ecological solutions to wastewater treatment do exist. The treatment performance of a simple sand
filter or soil adsorption system are truly staggering when the simplicity, cost, and ecological inspiration
of these systems are considered. The fact remains however that it is challenging to propose an
ecological solution to a problem that is inherently un‐ecological. Given the assumed density, 600
homes covering a land area of only 77 acres, we are immediately limited in our freedom to choose
alternatives. However, this is our challenge and our situation with 20 acres of productive agricultural
land plus green space and an owner that is visionary in his willingness to consider alternative
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wastewater treatment options puts us in a better position than most.

Given our limitations and blessings we have focused our efforts on proposing a solution that is not to
radically different from others currently employed in outward appearance.
implementation that has benefited most from an ecological approach.

It is site scale

Ecological systems are

masterful in their use of internal recycling. Ecological examples have inspired the following processes
and incurred their associated benefits.
•

Separating greywater we have incurred the ecological and economic benefit of reducing the
size of the septic tank, trickling filter, and clarifier.

•

The labile BOD associated with greywater can be utilized as a carbon source for denitrification
in our wetland.

•

Wastewater reuse will limit our discharge to sensitive aquatic ecosystems during time periods
when flows are lowest, temperature is highest, and DO is in greatest demand due to fish
rearing and lower saturation concentrations.

•

Soluble nutrients associated with wastewater will be reapplied to the land that initially
provided the food from which they were derived.

•

Biosolids processing will allow nutrient application to food crops and provide structural
benefits to the soil (Sullivan, 2007).

•

Captured methane from the septic tank and anaerobic digester will be used to heat the
digester and provide home heating during the winter months.

Ecological processes also tend to be simple in their construction (complex in function) and rely on
gravity or other natural gradients to provide their power. Although not possible for the entirety of our
system these considerations have been incorporated into much of our design. The site location for
development is ideal for the construction of a gravity fed sewer system. While outside the scope of
our design we do recommend that project developers pursue this option. Minimal pumping should be
required to move sludge from the septic tank and trickling filter to the anaerobic digester. Another
small amount of energy input will be required to drive the distribution arms of the trickling filter and
pump water to that elevation.
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Because of the scope of our project, it is necessary to accept a certain degree of uncertainty in our
design. It is still important to attempt to identify and understand where and to what degree these
uncertainties exist. The easiest way to address uncertainty is to step through our entire system from
start to finish and address individual concerns. As mentioned in the preceding section of regulations
all of this work is subject to DEQ approval throughout the permitting process.

The bar screen is the currently suggested method of removing large solids from the wastewater prior
to entering the septic tank. Recently, it has been discovered that small communities often utilize small
comminutors or macerators (think large garbage disposal) to grind up large solids rather than
screening them off.

While too early to tell this idea has a number of distinct advantages.

Comminutors are significantly smaller in area and possibly price. The grinding process has potential to
increase surface area of our waste and increase degradation rates. The elimination of bar screens will
also eliminate the need to collect and landfill solids that collect on the screen. Considering the facts
that our system will only be receiving blackwater at this stage of treatment and stormwater will be
dealt with separately it is not to be expected that many coarse solids will be present for which bar
screens are designed. If a comminutor is used we will generate less landfill waste and increase the
amount of nutrients that are collected in biosolids for eventual land application.

The septic tank is a long‐standing technology and almost no uncertainty surrounds its effective
operation. The only concern is that periodic draw off of sludge will stir up suspended solids, decrease
sludge degradation (due to short SRT), and hamper the formation of optimal microbial communities.
This design was ultimately chosen to decrease maintenance associated with pumping, facilitate use of
the anaerobic digester, and decrease the capital cost of pumps. This concern is more associated with
the chosen method of operation than the technology employed. It has also been stressed that
structural soundness and water tightness are vital for long‐term effective operation of any septic
system (Bounds, 1997). Maintenance of the effluent filters will also be essential to ensure the lowest
possible TSS concentrations making their way to the trickling filters.
Phosphorous removal in all of our treatment processes is a key area of uncertainty. Phosphorous
removal will occur in the process of cell growth that accompanies BOD removal in the septic tank,
trickling filter, and wetland. Adsorption and sedimentation can also be expected in the septic tank,
secondary clarifier, and wetland. Solid numbers concerning removal efficiency are not widely
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available and show considerable variation. This pattern is especially true in wetlands, where
phosphorous removal is determined by the chemistry of the soil environment and water contact with
those soils (Hammer, 1989). Although phosphorous levels are expected to be at acceptable values for
land application and surface water discharge we do have strategies that can be fallen back on. In an
early study it was shown that >96% phosphorous reduction and significant pathogen reduction can be
achieved through the addition of alum in septic tanks. The alum was added at a rate of 2 grams of
Aluminum per gram of Phosphorous. This process did have the effect of increasing sludge production
from 62 to 142 L/year (Brandes, 1977). The need for this additional chemical treatment can be assess
during phase 1 and subsequent septic tanks can be increased in size accordingly.
The trickling filter will be relied upon heavily for nitrification of wastewater prior to discharge into the
wetland. It has been shown that nitrification rates begin to decrease when the temperature of
wastewater drops below 15⁰C (59⁰F) (Solomon et al, 1998). Since the anaerobic digester will not be
running in the winter some of the methane generated from the septic tank could be used to heat the
septic tank. This practice has potential to increase reaction rates and ensure effluent temperatures at
a level that would be acceptable for nitrification. To this end hot water could be circulated through
pipes lining the interior of the septic tank. The organic loading rate (kg/m3‐day) fell within the values
given for low rate nitrifying filters, so assuming adequate temperature there should be no problem
achieving 90% nitrification (Tchobanoglous, 893, 2004).

Once water leaves the clarifier it will be piped to the wetland system. At this point raw greywater will
be mixed with mostly treated blackwater. The greywater will act as a carbon source for denitrifying
bacteria in the wetland. A free water surface wetland was eventually decided upon to limit the
potential for clogging, but also to allow the accumulation of plant material in the wetland to act as an
additional carbon source. It will be important to maintain an appropriate balance here. If too much
plant material is introduced it could raise BOD and TN levels in our effluent.

Potential exists for seasonal variation in wetland performance. The area of wetland devoted to
denitrification has been sized based on worst‐case winter temperatures and a generous HRT has been
built into the system as a whole. To dampen variation in treatment performance, stormwater will be
treated separately from the wastewater system. Appropriate drainage design will limit overland flow
into the wetland, and ensure that only direct precipitation contributes to higher flowrates during rain
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events. Raised berms around the wetland will protect it from overland flow.

If a serious disturbance in flow is seen in the wetland this could lead to re‐suspension of solids and
increasing TSS values in the effluent. This phenomenon could affect the ability of our UV disinfection
system to kill pathogens. By disconnecting the wetland from overland hydrology we hope to have
very consistent flows of wastewater, which should take care of this issue.

Following the treatment process we hope to have fully met the requirements for Class A recycled
water. If this is true we will be allowed to irrigate all adjacent greenspace and agricultural land. It has
been shown in our water balance calculations (Appendix A), that available land area will not be able to
evapotranspirate all of our effluent during the winter months. It is our belief that during the winter
when flow rates in the surrounding creeks are higher we will be allowed to discharge to surface waters
by DEQ. This will be unknown until the permitting process is underway and remains a topic of
concern. The possibility of aquifer recharge was pursued, but sounds unlikely. Although not expressly
prohibited by Oregon State Law we would be required to meet drinking water standards. If this were
the case more efficient unit operations would be required and many of the ecological benefits that
our system involves would be lost.

An equally important part of this whole process is the sludge treatment system. Sludge generation
rates, used to size the anaerobic digester among other things, were determined using a simple
method from a wastewater engineering text. Although this method seemed valid, numerical values
taken straight from a table cannot be applied to a model without some degree of error. These values
were given per unit flow of wastewater, while the sludge generation rates used were based solely on
blackwater, which could create more or less sludge per unit volume than combined wastewater. If this
estimate proves to be inaccurate, the error will propagate to the sizing, costing, and effectiveness of
the system as a whole.

Production and use of biosolids is very well enforced, which allows us to be fairly certain we will meet
exceptional quality standards by following requirements listed. Certain contaminants, like heavy
metals, however, were not taken into account during the design process. While there are limits to
many such constituents in biosolids, most of these are not typically seen in high levels in municipal
wastewater. Therefore, it was assumed that meeting pathogen and vector attraction requirements
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will be sufficient to creating Class A biosolids. While this is likely a safe assumption, there is a chance
that contaminants, possibly leftover from development, will be detected at high enough levels to
prevent achieving class A certification. This means we could not reuse the valuable nutrients and
would have to landfill or incinerate our sludge.

Although we can be quite confident that our design will produce exceptional quality biosolids, we
cannot say that it is the most efficient way. The Oregon DEQ allows for a good deal of flexibility in
methods for attaining class A standards.

Many biosolids programs, including the wastewater

treatment plant here in Corvallis, Oregon, take advantage of this. They are able to reach the standards
in a variety of ways, as long as they can be demonstrated to reach a certain limit of pathogens and
vector attraction. An optimal strategy can be tested and developed during operation, possibly saving
time, energy, money and space when compared to the method chosen for this design. However, this
must remain an uncertainty for now, as we must stick with one of the outlined methods to be sure we
can meet class A requirements.

The anaerobic digester will produce a large amount of methane while it stabilizes the sewage sludge.
This is intended to be used for heating homes and/or the digester itself, depending on the time of day
and year. In theory, this sounds like an excellent idea; making beneficial use of a potent greenhouse
gas that would otherwise be wasted. However, this “biogas” used contains a host of other chemicals
along with methane. These can be corrosive to equipment and troublesome to store. The biogas may
need to be cleaned/treated a significant degree before use. If we want to store the flammable gas for
later use, we could also run into additional regulations and require additional infrastructure.
Methane‐capture and reuse is still being recommended for the project, as it will generate a large
amount of valuable heat. However, the excess equipment, maintenance and permitting may make
this option undesirable compared to simply burning the methane while generated.

The lifespan and durability of the equipment is also an area of concern and uncertainty. Oftentimes
economists will assign a value of 20 years for such equipment. This is used as an easy to work with
number, however, and is a very general number. Due to the nature of the reactions inside, the
components can be corroded over time, requiring regular inspection and maintenance. If well
maintained, an anaerobic digester could last much longer than this. Because our reactor will only be
operating less than half the year, we may have our equipment last much longer than projected.
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However, failure of mechanical equipment like this is inherently hard to predict. We cannot be certain
when the tank, agitator, heater, or any other component will need to be replaced.

Conclusion:
The proposed treatment system is designed to meet both environmental and economic needs of an
on‐site system while meeting the vision and needs of Larry Thompson. The designed system includes
a bar screen, septic tank, trickling filter, clarification, wetland, and UV disinfection. An anaerobic
digester will also be present on site providing discontinuous operation for sludge treatment. The
current proposed design has a footprint of about 2 acres and will cost approximately $600,000 for the
initial build intended to serve 1/3 the projected residential capacity. Expected maximum effluent
concentrations are detailed in Table 17 along with a breakdown of final system cost following in Table
18.

As shown in Table 17, all effluent concentrations are calculated to acceptable levels for land
application and during the winter it is expected to meet regulatory standards for stream discharge due
to higher flow rates.

Table 17: Effluent Concentrations
Constituent

Effluent Load (kg/d)

Effluent Conc. (mg/L)

BOD

1.17

7

COD

1.17

7

TSS

0.90

5.4

VSS

0.72

4.3

FSS

0.18

1.1

NH3

1.14

6.8

NO3

1.67

10

TP

0.43

2.6

ON

0.17

1
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Table 18: Total Process Cost, for Phase 1 of build‐out
Unit Process

Cost ($)

Bar Screen

30,000

Septic Tank

113,500

Anaerobic Digester

180,000

Trickling Filter

42,000

Clarifier

32,000

Wetland

235,000

UV Disinfection

62,000

Total Cost:

694,500

While this report presents one solution to the problem it is by no means the only solution.
Centralized and decentralized wastewater treatment systems are taxing economically and ecologically,
with lost capital stemming from the environment that must make room for both of them. The
designed system does its best to minimize this capital by incorporating simpler, smaller, and more
natural processes for treatment. Emphasis is placed on the added benefit of reusable byproducts such
as biosolids for land application and methane for heat generation to partially complete a cycle of
sustainability. However, the question still remains if more could be done for less. The use of even
simpler technologies such as composting toilets have been used with success all around the world,
although here in the U.S. such systems may have issues with social acceptance and willingness of
individuals to incorporate this kind of system into their lives.

Unfortunately, even the most

economical and sustainable system won’t be of value if the public won’t accept it. Therefore, when
designing any such human system, a balance between economic, social and ecological concerns must
be met. While these are inherently difficult to quantify, we believe our system to be one of the best
options to meet the needs of Mr. Thompson and future community members in a way that balances
all these things.

Page 39

Appendix A: Bar Screen

Figure 1: Front and side schematic of bar screen

Figure 2: Bar screen schematic showing solids removal

Appendix B: Septic Tank

Appendix C: Trickling Filter

Figure 1: Typical trickling filter schematic

Appendix D: Clarifier

Source: MonroeEnvironmental: http://www.monroeenvironmental.com/PDF/ME_Municipal_Clarifiers.pdf

Figure 1: Schematic drawing of a typical Clarifier setup

Appendix E: Wetland

Figure 1: Wetland Design Schematic (Top View)

Figure 2: Wetland Anoxic Zone Calculations

Figure 3: Use of Plant Litter for Denitrification

О = Free water surface wetland
+ = Subsurface wetland
Figure 4: TSS Reduction in wetlands

Appendix F: Sand Filter

Figure 1: Sand Filter Schematic

Appendix F: UV Disinfection

Figure 5: Schematic representation of a UV disinfection system

Appendix H: Anaerobic Digestion

Figure 1: Cartoon Schematic of Anaerobic Digestion

Appendix E: Regulations
Table 1: Pollutant concentration requirements for metals in Biosolids

Water Environment Services Onsite System Fees - July 1, 2008

(1) This table establishes the fees for site evaluations, permits,
reports, variances, licenses, and other services the department
provides under this division.

DEQ
Surcharge

Clackamas
County

Total

(2) Site evaluation and existing system evaluation fees.
(a) New Site Evaluation fees. Fees in this section apply to each system for which site suitability is evaluated.
(A) Single family dwelling.
(i) First lot.

$60.00

$460.00

$520.00

(ii) Each additional lot evaluated during initial visit.

$60.00

$360.00

$420.00

(i) For systems with a design capacity of 1,000 gpd or
less.

$60.00

$460.00

$520.00

(ii) For systems with a design capacity >1,000 gpd but
<5,000 gpd.

$60.00

$450.00
plus
$110.00
for each 500
gallons or
part thereof
above 1,000
gallons.

$510.00
plus
$110.00
for each 500
gallons or part
thereof above
1,000 gallons.

$60.00

$1,440.00

$1,500.00

(b) Site Evaluation Report Review fee.

$60.00

$160.00

$220.00

(c) Existing System Evaluation Report fee.

$60.00

$160.00

$220.00

$60.00

$660.00

$720.00

(B)

Commercial facility.

(iii) Facilities with a design flow > 5,000 gpd.

(d) Site Evaluation Confirmation fee (for WPCF permits)
(3) Permitting fees for systems not subject to WPCF permits
(a) Construction-Installation Permit fees.
(A) For systems with a design capacity of 1,000 gpd or less.
(i) Standard onsite system.
(ii) Alternative systems.
(I)

Alternative treatment technologies.

$60.00

$940.00

$1000.00

(II)

Capping fill.

$60.00

$940.00

$1000.00

(III) Absorption trenches in saprolite.

$60.00

$660.00

$720.00

(IV) Evapotranspiration-absorption.

$60.00

$660.00

$720.00

(V) Gray water waste disposal sump.

$60.00

$260.00

$320.00
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Water Environment Services Onsite System Fees - July 1, 2008
(VI) Holding tanks.

$60.00

$660.00

$720.00

(VII) Pressure distribution.

$60.00

$860.00

$920.00

(VIII) Recirculating gravel filter.

$60.00

$920.00

$980.00

(IX) Redundant.

$60.00

$660.00

$720.00

(X) Sand filter (commercial or residential)
Plan Check
Construction Permit

$60.00

$150.00
$850.00

$150.00
$910.00

(XI) Seepage trench.

$60.00

$660.00

$720.00

(XII) Steep slope.

$60.00

$680.00

$740.00

(XIII) Tile dewatering

$60.00

$830.00

$890.00

$60.00

$60.00

(b) Reinspection fee.

$75.00

$75.00

(c) Pump Evaluation fee. For all permits that specify the use of a
pump or dosing siphon except for sand filter, ATT, RGF, and
pressure distribution systems.

$25.00

$25.00

(B) For systems with a design capacity greater than 1,000 gpd
but not more than 2,500 gpd, the fee is equal to the fee
required in paragraph (3)(a)(A) of this rule plus for each
500 gallons or part thereof above 1,000 gallons.

(d)

Plan Review fees for commercial facility systems.
(A) For a system with a design capacity of less than 600 gpd,
the plan review fee is included in the permit application
fee.

Included in
permit
application
fee

(B) For a system with a design capacity of 600 gpd but not
more than 1,000 gpd.

$225.00

(C) For a system with a design capacity greater than 1,000 gpd
but not more than 2,500 gpd, the plan review fee is:

$230.00 plus
$40.00 per
500 gallons
>1,000 gals.

Included in
permit
application
fee
$225.00
$230.00 plus
$40.00 per
500 gallons
>1,000 gals

(e) Permit Transfer, Reinstatement, or Renewal fees.
(A) Field Visit required.

$330.00

$330.00

(B)

$140.00

$140.00

No Field Visit required.

(f) Alteration Permit fees.
(A) Major

$60.00

$370.00

$430.00

(B) Minor

$60.00

$165.00

$225.00
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(g) Repair Permit fees.
(A) Single Family Dwelling.

(B)

(i)

Major

$60.00

$370.00

$430.00

(ii)

Minor

$60.00

$170.00

$230.00

Commercial Facility.
(i)

Major

$60.00

(ii)

Minor

$60.00

$250.00

$310.00

$60.00

$180.00

$250.00

(A) Field Visit required.

$60.00

$360.00

$420.00

(B)

No Field Visit required.

$60.00

$70.00

$130.00

(C)

Authorization Notice Denial Review.

$60.00

$360.00

$420.00

$60.00

$300.00

$360.00

(A) Holding tanks.

$60.00

$210.00

$270.00

(B)

$60.00

$300.00

$360.00

(A) Holding tanks.

$25.00

$25.00

(B)

$50.00

$50.00

$100.00

$100.00

$50.00

$50.00

(h) Permit Denial Review fee

$650.00

$710.00
or the
applicable
constructioninstallation
permit fee,
whichever is
lower.

(i) Authorization Notice fees.

(D) Renewal of hardship authorization for temporary
dwelling, if field visit required.
(j) Alternative system inspection fee.

Other alternative systems in subsection (3)(a) of this
rule.

(k) Annual report evaluation fee.

Commercial sand filters, recirculating gravel filters, and
alternative treatment technology.

(7) Sewage Disposal Service License and Truck Inspection fees.
(e)

Pumper truck inspections.
(A) First vehicle, each inspection.
(B)

Each additional vehicle, each inspection.
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(8) Contract County Fee Schedules
(a)
Each County having an agreement with the Oregon DEQ under ORS 454.725 must adopt a fee
schedule for services rendered and permits issued. The County fee Schedule may not include the Oregon DEQ
surcharge established in section (9) of the On-Site Wastewater Disposal Rules unless identified as an Oregon DEQ
surcharge.
(b)
A copy of the fee schedule and any subsequent amendments to the schedule must be submitted to the
Oregon DEQ.
(c)

Fees may not exceed actual costs for efficiently run services.

(9) Department surcharge.
(a)

To offset a portion of the Oregon DEQ administrative and
program oversight costs of the statewide onsite wastewater
management program, the DEQ and contract counties must
levy a surcharge for each site evaluation, report permit, and
other activity for which an application is required. This
surcharge does not apply to sewage disposal service license
applications, pumper truck inspections, annual report
evaluation fees, or certification of installers or maintenance
providers.

$60.00

$60.00

(b)
Proceeds from surcharges collected by the department and contract counties must be accounted for
separately. Each contract county must forward the proceeds to the department in accordance with its agreement with
the department.
(10) Refunds.
The department may refund 80% of a fee accompanying an application if the applicant withdraws the application
before any field work or other substantial review of the application has been done.
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Appendix J: Alternatives Selection

Figure 1: Typical Activated Sludge Setup

Outer Ring

Inner Ring

Figure 2: Ecological Fluidized Bed Schematic

Figure 3: Rotating Biological Contactor Schematic
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