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Executive Summary
This design team has been addressing treatment possibilities for the graywater that comes from the
showers at the Oregon Country Faire. In general, graywater contains large amounts of BOD, TSS,
and other constituents. Before the water can be recycled, some level of treatment must be
performed. According to the Oregon Department of Environmental Equality (ODEQ), if the water is
treated below 10 mg/L for TSS and BOD, it can be used in landscape ponds and furrow irrigation;
the shower effluent currently receives no treatment before discharge into the Long Tom River.
These regulations have guided our treatment design process.
The design consists of a subsurface treatment wetland and a poplar plantation irrigated with the
effluent from the treatment wetland. With a maximum graywater flow rate of 24,000 gallons per
day, and a retention time of three days, a wetland with dimensions of 80 by 160 feet is
recommended. This wetland will have four foot tall berms with an aspect ratio of 3:1. Pumps will be
used to transport the graywater through underground 2-inch high-density polyethylene (HDPE)
pipes first from the showers to the wetland, and then from the wetland to the poplars. Two storage
tanks will be installed to hold the water before it is pumped and to allow the showers to handle
peak flow for one hour without pumping any water. A beam will be installed to support the HDPE
pipe over the Long Tom River. The amount of graywater produced by the showers would have an
annual cost of $40,000 if treated at the Veneta wastewater treatment plant (Pitts, 2013).
The wetland will be two feet deep and have an impermeable liner at the bottom to prevent the
graywater from infiltrating into groundwater. The wetland will be filled with small gravel, and the
biofilm which grows on the gravel will provide primary treatment. Above the gravel will be a
permeable liner and soil, in which will have plants. These plants will provide the subsurface with
oxygen and make the wetland aesthetically pleasing.
Once the water has been treated, it will be pumped over to the City of Veneta’s poplar plantation.
The poplars will be planted over 17 acres at a density of 220 trees per acre. The trees will be spaced
at intervals of 14 feet. Furrows to irrigate the poplars will be constructed at gentle slopes and have
a width of three feet and a depth of 1 ½ feet. The poplars will be irrigated at a rate in which the
poplars will uptake the water so that none of the treated graywater will reach groundwater.
Calculations have been conducted to ensure that this will be possible.
An informational kiosk between the wetland and poplar plantation can be installed to act as an
educational resource to OCF attendees and the community of Veneta. Installations costs of this
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project will be approximately $265,000 with an annual cost of $7,000. With an interest rate of 9%,
it will take ten years for the project (with a life of 30 years) to return the initial investment. Over a
30 year period there is a net savings of $144,400 (Appendix L). This positive value is mainly driven
by the savings created because the graywater will not need to be trucked to the Veneta WWTP for
treatment.

1. Design Overview
The Oregon Country Faire (OCF) is a large art and music festival located in Veneta, OR that
accommodates about 50,000 people for three days. In addition, there are between 100 and 2,000
people camping on-site six weeks prior to the main event and two weeks after. It is assumed that
each person takes at least one shower per day, producing an enormous amount of graywater. This
graywater produced is mainly from a cluster of showers located at the northern part of the Faire
known as “the Ritz” (see map below).

Figure 1. Design layout of shower area, wetland, and poplar plantation.
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Currently, there is no treatment of this graywater effluent before it is discharged into the Long Tom
River. The OCF has expressed interest in finding an alternative to this solution. They also mentioned
that they would like a restoration project to be designed for a 7.5 acre parcel adjacent to the City of
Veneta’s poplar irrigation field that was once used to supply road-building material and is now
called “The Borrow Pit”. Three teams of Ecological Engineering students came up with the following
designs: creating a wet prairie wetland in the borrow pit, creating an oak wetland in the borrow pit,
and discharging treated shower effluent into a poplar field. This report looks at the feasibilities of a
subsurface treatment wetland and poplar plantation (Figure 1).
This proposal starts with a discussion of the regulations involved with graywater, followed by the
technical discussion of the design proposal. The design will include piping graywater from the
shower area to a constructed subsurface treatment wetland in the borrow pit, and then pumping
the effluent from the wetland to a poplar plantation. Included are detailed calculations to discuss
the feasibility of this design.
Furthermore, it has been noted that Total Maximum Daily Load (TMDL) regulations for
temperature may soon be implemented for the Long Tom River. TMDL regulations are limits on the
amount of a pollutant that can be discharged into a water body. An increase in river temperature is
a concern as it directly affects wildlife living in the stream, such as salmonids, and indirectly affects
wildlife included in that riparian habitat.
Currently, there is no TMDL regulation for temperature in the Long Tom River but it has been
expressed that the wastewater treatment plant (WWTP) would like to have a plan in place in case
strict regulations are legislated. The OCF and City of Veneta have maintained positive relations with
each other and would like to continue to develop this relationship.
Because of the large size of the borrow pit, it will be possible to implement both this subsurface
treatment wetland design and another team’s surface wetland designs to benefit the WWTP as well.
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2. Site Description
The Oregon Country Faire is located east
of Eugene in Veneta, Oregon where
mean annual precipitation is 50 inches
and mean annual temperature is
approximately 52°F (USDA-NRCS,
2008). In July, when the design will be in
use, the max temperatures is
approximately 82°F and average
precipitation is 0.5 in (Eugene, 2013).
The predominating soil on site is McBee
Figure 2. The borrow pit in February (Katie Brown).

silty clay loam, a moderately well drained soil

with a slope of less than 0.5% in the Poplar Plantation (Google Earth, 2009).The water table is 24 to
36 inches below the surface with a high frequency of flooding (Figure 2); In February, 2013, the
entire borrow pit was flooded, and is said to be an annual occurrence (Soil Survey Staff, 2012).

3. Regulations
3.1 Graywater
Under Oregon law, the water from the shower and sauna area is considered graywater. It can be
contaminated with organic matter, suspended solids, microorganisms, and common household
chemicals. Reuse of graywater is beneficial to the environment because it reduces the need for
water from other sources, such as surface water and groundwater. There are three types of
graywater:
Graywater Types
Type 1
Type 2
Type 3

Description
Untreated water
Water that has passed through a chemical or biological treatment
process
Type 2 graywater that has also been disinfected

Type 2 graywater can be stored for less than 24 hours and can be used in landscape ponds and drip
irrigation as long as it is tested at least once a year and the total suspended solids (TSS) and
biochemical oxygen demand (BOD5) concentrations are 10 mg/L or less. Given the situation of the
OCF, treating graywater to Type 2 is most feasible.

6

There are three tiers of graywater permits, which can be issued in Oregon based on the size and
complexity of the graywater system that is to be implemented. A Tier 1 permit is intended for
residences and can only be used for subsurface irrigation (Graywater, 2012). A Tier 2 graywater
permit is for a residential or commercial area producing less than 1,200 gallons per day and is
necessary for a graywater system that will be treating to Type 2 wastewater standards. Lastly, a
Tier 3 permit is for systems producing more than 1,200 gallons per day of graywater or systems
that treat water to Type 3 standards. For the Oregon Country Faire a Tier 3 permit would be
required. The cost of a Tier 3 permit varies based on the system’s size and complexity and can
range from $600 to $4,000 for a new permit. Annual fees may range from $300 to $800 (Graywater,
2012). The ODEQ’s website states that it is possible for graywater to be treated to a Type 2 level
with a wetland. There is no mention of nitrogen or phosphorous effluent requirements. It is not
likely that OCF’s graywater permit will require nitrogen or phosphorous effluent requirements as
all the water exiting the wetland is going to the poplar plantation. As long as the wetland meets all
regulations and the treated wetland effluent passes the TSS and BOD5 tests, the graywater can be
used for drip irrigation and in landscape ponds.

3.2 Wetlands
Wetland permitting is
regulated by the
United States Army
Corps of Engineers
(USACOE) and the
Oregon Department of

Borrow Pit

State Lands (ODSL).
Oregon’s Removal-Fill
Law requires a permit
Figure 3. Oregon Explorer Rapid Wetland Assessment Protocol depicting “The Borrow Pit” as a wetland. The
borrow pit is located surrounding the red square (http://oe.oregonexplorer.info/wetlands/orwap).

when materials greater than 50 cubic yards are removed or added in waters of the state (Working
in Waters of the State, 2012). The permit fees have a flat rate and then an additional cost that varies
based on the removal or fill volume. The flat rate for removal is $270, which includes up to 500
cubic yards or removal (Working in Waters of the State, 2012). The OCF site will need this permit
because the area has been classified as a wetland as can be seen in Figure 3 by the blue
demarcation.
7

4. Graywater Flow
4.1 Graywater Discharge Rate
The proposed flow of graywater from the shower area to the poplar plantation is displayed in the
following diagram:

Figure 4. Graywater flow path from the shower, through the wetland to the poplar field

Pump 1 will pump the water from the storage tank to the wetland and pump 2 will pump the water
from the holding pond behind the wetland to the poplar field. The amount of graywater the pumps
are required to handle in 24 hours was found by multiplying the number of shower heads by the
average flow rate for each head, assuming 16 shower heads running constantly 10 hours per day.
According to Bear Pitts, a Faire elder, the showers run for 3 hours per day during the setup and
takedown of the event. This number was tripled and rounded to ten hours per day for the estimate
of shower use during the event because showering is likely sporadic over a long period of time.
Simply saying they run for ten hours will encompass this sporadic showering. A flow rate of two
and a half gallons per minute (GPM) was the estimated flow used because it is the maximum
required flow rate for shower heads as defined in the Energy Policy Act of 1992. The amount of
graywater discharged during the Faire over a one day span is 24,000 gallons per day (Equation A-4)
while the peak flow possible for the graywater is 40 gallons per minute (Equation A-2). Calculations
regarding the flow before/after the Faire can be found in Appendix A.

5. Head Loss (Pump 1)
The following calculations pertain to the peak flow of the showers because that sets the upper limit
of the system. The system will be able to handle smaller flows because the pump is automatic and
will only turn on when the water depth reaches a certain height. A two inch High Density
Polyethylene (HDPE) pipe will be used to transport the water. This pipe was chosen because it can
be bought in 500 foot sections and is flexible. This will reduce seams and the possibility of leaking.
8

The head loss in the pipes due to friction is dependent on many variables, mainly velocity and pipe
length. The friction head loss for the section of pipe going from the shower to the wetland is 51.4
feet (Appendix B).

5.1 Minor Head Loss Due to Exit
The minor loss due to the exit from the pipe into the wetland was found using Equation 1
(Houghtalen 2010):

(

[Equation 1]

)

Where:
o Ke = 1 (Houghtalen)

5.2 Total Head Loss
The total head loss was found by adding the head loss due to friction, the exit, and elevation. Four
feet of head loss due to elevation was assumed due to the storage tank being 4 feet deep. The depth
of 4 feet was chosen because that is the depth of the holes in the ground already on site.
[Equation 2]
A check of this solution was done using Table E-1 (Engineering Toolbox, 2013). For a flow rate of
40 GPM and a pipe size of 2 inches, a typical head loss will be 2.8 feet of water per 100 feet of pipe.
Using a length of 2000 feet, a total head loss due to friction would be 56 feet which is very close to
the 55.4 found with Equation 2.

6. Collection Basin
Two 2500 gallon storage tanks will be installed to catch the water to be pumped and to allow the
showers to handle peak flow for one hour without any water being pumped. These tanks will be
installed 30 feet away from the shower area in the holes that already exist. This allows an hour
buffer time during peak flow to give staff a chance to shut down the showers if something were to
go wrong like a broken pump.

7. Pump Description
The pump must overcome a head loss of 56 feet at a flow rate of 40 GPM (Equation 3 and A-2). The
pump chosen is the Automatic LEH150-Series Liberty Pump, a 1.5 hp submersible sewage pump
(Liberty Pumps. LE150-Series, 2013). This allows the pump to be placed in the catch basin. There
9

will inevitably be solids such as dirt and grit so the pump will also be able to handle up to 2 inch
solids, however, the water passes through a grate before going into the collection basin so having 2
inch solids is not possible. In addition, it needs to be automatic because the flow is variable so the
pump must be able to turn on when the showers are flowing and off when there is no flow.
According to the performance curve for this pump (Appendix D), it is able to pump 40 GPM at a
head of 58 feet, which exceeds the required specifications. This pump will require 3500 watts
(Appendix F).

8. Structure to Cross the River
In order for the pipe transporting graywater to reach the wetland from the showers, it will need to
cross the Long Tom River which is assumed to be 45 feet in its shortest section (Google Earth,
2009). The small plastic pipe will not support itself, so a 50 foot castellated I-beam will be placed to
cross the river. The dimensions are shown below:

Figure 5. The dimensions for the cellular beam spanning the Long Tom River.

The pipe will run parallel and be attached to this beam with 5 U-bolts. The beam has a load capacity
of 55 pounds per linear foot (PLF). Using the specific weight of pure water, the total weight of the
water in the pipe will be 1.5 PLF. The weight of the pipe is approximately 1 PLF. Combining this
value with the weight of the water and possible snow load comes out to 9.5 PLF. This is far below
the 55 PLF weight limit of the beam. It may be possible to run a telephone pole across the river
instead, saving approximately $6,000 (McFarland Cascade Pole & Lumber Co., 2013).
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9. Storage Pond
Once the water reaches the wetland, it will experience a residence time of at least 2.2 days, thus the
effluent will come out of the wetland at an average rate of 1000 gallons per hour for 24 hours.
Therefore, in order for the water to only be pumped during the day, a lined storage pond is
necessary to hold it during the night. The liner is necessary so the water does not contaminate
groundwater. The dimensions for this holding pond will be 5 feet long, 100 feet wide, and 4 feet
deep (Appendix G).

10. Head Loss (Pump 2)
The calculations for the second pump utilize the same formulas and equations as pump 1. The only
difference is a smaller length pipe of 350 feet and the pump time. This pump will need to be solar
powered which means it can only be used during daylight. The time at which the sunlight can be
harvested is assumed to be ten hours per day during the summer according to Dr. Cuenca’s data
(Gochis, 2000). During the night, the effluent will be stored in a storage pond. In addition, the
transpiration rate for the poplars occurs during the day which means there is no required water to
the poplars at night.
Substituting these values into the equations used for pump 1 gives:
o Velocity = 3.78 ft/s
o Head Loss due to Friction = 8.99 ft
o Head Loss due to Exit from the pipe = 0.22 ft
o Head Loss due to Elevation = 6 ft
o Reynolds Number = 6.3 x 104
o Total Head Loss = 15.2 feet

10.1 Pump Requirements
The pump at the end of the wetland (see figure 4) must overcome a head loss of 16 feet at a flow
rate of 40 GPM. The pump chosen for this task was the same make as pump 1 but is only a 0.5 hp
instead of 1.5. According to the performance curve for this pump (Appendix D), it is able to pump
40 GPM at a head of 21 feet, which exceeds the required specifications. This pump will require 1400
watts (Appendix F).

11. Thermal Balance through Design
It is important to have an estimate of the temperature of the
water from the showers when it reaches the wetland to
assess the potential remediation capacity of the wetland.
11

U

Flux
out

Ts

U

Tin

Tout
X1

X2

Figure 6. A representative slice of the pipe
between the shower and the wetland.

First, the temperature at the depth of the pipe is determined to be 68°F using a short-time/semiinfinite solution, Equation 3. Using this value, a thermal balance can be used to determine the
amount of heat the water loses through the pipe to the soil over the 2,000 feet it travels to the
wetland, Equation 4. Finally, to check the feasibility of these results, the volume of soil impacted by
the water heat is considered. Please see Appendix H for the values used and detailed calculations.
[

]

[Equation 3]

√

Where:
o T∞ = 56°F at 30 ft (GEO 4VA)
o Ts = 70°F
o X = 1.17 ft
o
= thermal diffusivity= ⁄
(Wang, 2012)
o t = 8 hr
o Ti = deep temperature = 56°F
o T = outer temperature of the pipe
[Equation 4]
Solve for Twetland to find temperature into wetland.
To check the feasibility of these results, consider the relationship depicted in Equation 4 between
the radial distance influenced by the pipe (x) and the time of contact between the heat and the soil
(t). This relationship is depicted in Figure 7. It can be seen that after 170 hours (7 days), the radial
distance of influence is 0.8 m. The value of 7 days is used because it encompasses the time of peak

Distance from pipe (m)

shower flow when the temperature could be a concern.
2

1.5
1
0.5
0
0

200

400

600

800

Time (hrs)
Figure 7. The relationship between radial distances influenced by the pipe and the time of contact between the
heat and the soil.
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The volume of the soil absorbing heat is this distance over the 2,000 feet (600 m) of pipe, with the
volume of the pipe removed.
[Equation 5]
Next, the volume of water passing through the pipe over this 7 day period is calculated.
[Equation 6]
Heat transfer is a function of heat capacity, Cp, which is hugely different between water and soil.
Assuming that the soil is approximately 20% water, 20% of the volume of soil will be converted to
volume of water.
[Equation 7]
[Equation 8]
[Equation 9]
Using these adjusted volumes the heat transfer can be determined. See appendix H for
characteristic values used.
[Equation 10]
[Equation 11]
[Equation 12]

This gives an estimation of the capacity of the system. There is about 2.5 times the heat transfer of
soil relative to the heat transfer of water. This verifies that the soil will be able to adequately
absorb the heat. The discharge temperature will be 89°F because the water has one hour to cool
before it reaches the wetland.

12. Subsurface Treatment Wetlands
The area of the borrow pit is 7.5 acres with a depth of approximately 3.6 feet; the volume of the
borrow pit is roughly 27 ac-ft. These are the size limitations of the wetland design. Normally
subsurface wetlands are built below ground; however, because the borrow pit is 3-4 feet below
mean surface level, the wetland will be built above existing ground level. Surrounding the wetland
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will be a berm and an impermeable liner which will prevent water from the treatment wetlands
from entering the borrow bit and groundwater.

Figure 8. A schematic of a subsurface treatment wetland (Zipper, 2009).

12.1 How subsurface wetlands work
Subsurface flow wetlands move water horizontally through a gravel or sand medium. The biofilm
on the surface of the medium provides the treatment. Plants above the gravel add oxygen to the
system and make the wetland more aesthetic. The combination of plants and biofilm on the
medium treats the wastewater. The gravel ensures that the system remains subsurface, provides
increased treatment surface area, reduces the attraction of vectors, and prevents accidental human
contact. Subsurface flow wetlands require less land area for water treatment, but are not suitable
for wildlife habitat. Biofilm naturally grows on the surface of rocks in a treatment wetland. The
bacteria will multiply when substrate is present. An impermeable liner below the wetland and
along the edge berms will be used to ensure graywater does not contaminate groundwater.

12.2 Wetland Sizing
Necessary wetland size will be determined using flow rates, necessary BOD removal, and common
depth and aspect ratios. For preliminary calculations, porosity and hydraulic conductivity is
assumed from common values (Reed, 1993). The type of media chosen depends on necessary
hydraulic retention time and the composition of the wastewater to minimize clogging. Smaller
rocks provide more surface area for treatment and smaller void spaces, which are more compatible
with the roots of the vegetation. Smaller void spaces also cause the flow conditions to be closer to
laminar, which is ideal (Reed, 1993). Taking this into consideration, gravelly sand will be used.
Gravelly sand has an average diameter of 0.3 inches and a porosity of 40% (Reed, 1993).
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To determine the necessary wetland volume, the rate constant for BOD removal, the required
treatment removal of BOD, and the hydraulic retention times are required. The rate constant for
BOD removal is calculated using the Arrhenius equation (Equation I-1). A low temperature estimate
of 60°F (15.5°C) was used for the calculation to remain conservative and because there may be
times during the summer when the wetland reaches that temperature. Common BOD of graywater
is 65 mg/L and the maximum BOD of the effluent is 10 mg/L. Once the reaction rate, influent, and
necessary effluent values are known, a calculation for hydraulic retention time can be performed
using Equation I-2. Using the above values and Equation I-2, a hydraulic retention time of 2.2 days
was calculated. For future calculations, a hydraulic retention time of three days is used to ensure
that the wetland is adequately sized.
The depth of media selected depends on the design intentions of the system. If the vegetation is
intended to be the major oxygen source for nitrification, then the depth of the wetland should not
exceed the root depth of the plant species used. Research has found that vegetation wetland beds
are more efficient at removing BOD and ammonia than un-vegetated wetlands (Brix, 1997). A
common wetland depth is two feet (Reed, 1993). To determine the necessary depth of media for
this treatment plant design, the porosity of gravelly sand and the depth of water need to be taken
into account.
For a daily maximum flow of 24,000 gallons per day (3610 cubic feet per day) and a hydraulic
retention time of 3 days, a volume of 10,000 ft3 is necessary (Equation I-4). According to the
Sherwood Reed’s document on subsurface wastewater treatment wetlands written for the EPA, an
average wetland depth is 2 feet. This is what will be used to calculate area from volume. Taking into
account daily flow, wetland depth, and porosity, an area of 12,100 ft2 is needed (Equation I-5). A
common aspect ratio for subsurface wetlands is 2:1 (Reed, 1993). Using this ratio, the wetland
width is 80 feet and the length is 160 feet (Equation I-6).

12.3 Plants
Plants are necessary to provide oxygen to the system. Commonly used plants are reeds, rushes, and
cattails. A common density of plants is one per square foot (Reed, 1993). A variety of native plants
will be used including Elijah Blue, Fescue Idaho, Cattail, Oregon Iris, and Bulrush (Appendix L). The
plants will serve to protect the surface and provide oxygen to the water. Plants will be chosen based
on root length, as well as other parameters. The roots need to be at least 2 feet so that the bottom
doesn’t become anaerobic. In good conditions the roots should be able to reach the bottom of the
subsurface wetland so that when the wetland is at low capacity, the roots will still be able to reach
15

water. Idaho Fescue has a thick root system, which penetrates deeply into the soil while Cattail
roots are deep and dead stalks are capable of transmitting oxygen to the rooting zone. The
minimum rooting depth for Oregon Iris is 12 inches. Bulrush has a 16” minimum root depth.

12.4 Berms
Berms around the wetland will be constructed to contain the graywater. The berms will have an
aspect ratio of 3:1, a height of
four feet to account for
settling, and a top length of
three feet (see diagram).
These berms will run the

Figure 9: A schematic of a berm in the wetland

length of the wetland and contain the impermeable liner. Five hundred cubic yards of soil will be
needed to create these berms (Equation I-8).

12.5 Inlet/Outlet Structures
There are many different options for inlet structures. These
include manifolds, an open trench perpendicular to flow direction,
and a single point weir box (Reed, 1993). A surface manifold has
shown that it provides the maximum flexibility for future
adjustments and maintenance. Outlet structures are similar to
inlet structures. Sherwood Reed, P.E. of Environmental
Engineering Consultants for the EPA, suggests that a perforated
subsurface manifold that is connected to an adjustable outlet
provides the most flexibility and reliability. The diagram to the

Outlet structure (Ballestero, 2012)

right is an example of an outlet structure, containing a water quality volume release valve. To
provide the wetlands with some flexibility, an adjustable outlet pipe will be used to control the
water level over the entire depth of the bed. A slope is not necessary to ensure drainage.

13. Poplar Plantation
The water that has been treated in the subsurface wetland cannot legally be discharged into the
Long Tom River, so it will be pumped from the holding pond at the bottom of the wetland into
irrigation furrows within the poplar plantation. The poplar plantation is a sink for heat, water, and
nitrogen.
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13.1 Spacing and density
The area of land that will be set aside for planting poplars on City of Veneta land is approximately
17 acres converting the current spray field to poplar plantation. Based on review of the Biocycle
farms in Springfield, OR, an economically viable poplar plantation, the poplar density will be 220
trees/acre (Miller, 2009). Compared to many poplar plantations around the country and globe, this
is a low density (Petzold, et al.,2011; Hibbs and Withrow-Robinson, 2003, Christersson, 2010), but
low density has had success and will be used to keep planting costs down (Miller, 2009;
Christersson, 2010). Trees within the plantation area will be spaced 14ft x 14ft with the irrigation
furrows between these (Appendix K). It will be easier to plant trees with a more spacing because
poplar trees have root systems extending out to 6 feet (Hibbs and Withrow-Robionson, 2010).
After harvest, new trees will be planted between the stumps, maintaining the carbon sequestration
from decaying stumps, and reducing cost.

13.2 Furrow irrigation
Irrigation furrows are used in this case to provide water to the poplars because spray irrigation is
not permitted for this type of graywater, and drip irrigation is infeasible to provide enough water to
the trees. Furrows are best used on uniform flat or gentle slopes of less than 0.5% (Brouwer, 1988)
and can be made with a ridge plow to be 3 feet wide and 1.5 feet deep. The water table is at 3 feet
in the summer (Soil Survey Staff, 2012), so the furrow depth of 1.5 feet will not interfere which
would be against regulations for graywater reuse (USEPA, 1999). The furrows will run along the
slope from west to east so the
water has more time in the
canals, and no pooling at the
bottom of a slope will occur.
Thirty-three 2x2x2 inch HDPE tee
pipe fittings will have to be
inserted to provide irrigation to
the furrows which will span the
length of the fields. Flow valves
for each third of the plantations

Figure 10. A representation of one row of poplars and two furrows.

furrow irrigation will need to be
installed so that the flow can be limited to the recently harvested third.
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Figure 11. The flow through the different sections of poplar field.

The amount of irrigation that can be differed to the poplar plantation is dependent on the either the
rate of transpiration of the poplars, or the rate of infiltration of the soil in the poplar field. By
irrigating according to the limiting factor, this will reduce pooling, and maximize the amount of
water that can be removed from the wetland. The limiting factor for irrigation as calculated in
Appendix J is the poplar transpiration rate.
Based on calculations for the optimum transpiration rate (Appendix J), one third of the poplar
plantation will be harvested every 4 years. This allows for two thirds of the plantation to transpire
at a rate of approximately 7 mm/d (Gochis, 1998; USEPA, 1999; Gochis and Cuenca, 2000), and the
recently harvested third at rates outlined in Appendix J, providing the amount of water available to
be used by the poplars in the following table:
Year
Transpiration
after Last per day
Harvest
1
32213 gal/d
2
43257 gal/d
3
58904 gal/d
4
64426 gal/d
Table 1. Year after harvest versus transpiration rate
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13.3 Poplar Harvest
Poplars are generally harvested when they are 8-12 years old; the BioCycle farm harvests their
trees every 12 years. There is the potential for a harvest of 19,800 board feet per acre at 12 years
based on the density of the Biocycle poplar plantation (Boswell, 2008). Approximately 6 acres, one
third of the total plantation, will be harvested every four years. The harvested third will be 12
years old yielding a possible 19,800 board feet per acre.
Poplars seedlings will be planted between the harvested stumps decreasing cost for stump removal.
If the stumps are cut 22 cm above soil level, they have the ability to grow shoots from stumps
(Laureysens et. al., 2005). Trees grown from coppices are more likely to have deformities and
bends (Rosemeier, 2008) and these poplars can be sold as woodchips, which are not required to be
straight. By leaving stumps, coppices could increase the transpiration rate, and would increase the
harvested wood, increasing income from the plantation.

14. Social Implications
The construction of an informational kiosk at end of the access road is ideal to offer an educational
resource not only to OCF attendees but also to the community of Veneta. Students from local
schools can visit on field trips. It will display signage explaining the treatment occurring on the site
and what community members can do to become involved to potentially recruit volunteers for
maintenance. This would be an excellent way to build community. Solar panels will be used to
power pump 2 between the wetland and the poplars, instead of power from the grid. The solar
panels will be located on the roof offering another point of educational opportunity. Each solar
panel is 65” by 40” (2kW Solar Kit, 2013). These can be mounted on the two roof sections of the
informational kiosk. Each piece of plywood used to create the roof is 15 feet by 6 feet. Furthermore,
this design would make good use of the borrow pit which is currently degraded land and also the
poplar plantation which has been a source of conflict for the city. The landscape will be beautified
while at the same time be a functional part of the area’s water purification and environmental
protection.
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Informational
Kiosk

Holding Pond

http://img.groundspeak.com/waymarking/display/

Figure 13. A representative informational kiosk
Figure 12. Design layout showing the location
of the holding pond and the
informational kiosk.

15. Economics
In order to determine the feasibility of an engineering design it is critical to calculate the
installation cost, the annual cost, and the potential income. The economic calculations will depict
these values as well as compare the relative expenses of the main components. For all of the
economic considerations several reasonable assumptions were made to provide a meaningful
analysis. See Appendix G for a table of the results of this analysis and a list of the specific
assumptions. One noteworthy assumption is that the planting density is one plant per square foot
on the wetland. This has the potential to vary based on plant mortality. An estimate of $40 per
hour for labor as indicated by a national average provided by ENR.com and $150 per hour for
excavation to a depth of 1 to 4 feet will be used (R.S. Means, 2012).

15.1 Water Transportation
Pipe
The first step to treating the shower effluent is to move the graywater from the showers to the
Borrow Pit treatment site. This distance is 2000 ft. According to Powerflex Fence, adequate 2-inch
HDPE sewer drain piping can be acquired for $1.09 per foot in 500 foot sections. This pipe has a
zero leak rate and a long life expectancy (HDPE Water and Sewer, 2012). Thirty hours of
installation labor would be required for joining the pipes using heat fusion and for spanning the
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river with the beam, for a cost of $1200. In addition to these initial installation costs, there would
be annual costs associated with maintenance due to clogs, leaks, or general repair. An additional 10
hours of labor will be budgeted per year for potential maintenance.
Pump
Two pumps are required. Grid power is delivered to the property by Emerald People’s Utility
District, which will be used to power the pump by the showers. Using the current rates, this will
only incur an annual cost of $100 (Equations L-1 and L-2) (EPUD Rates, 2012). The energy
requirements for the pump by the wetland will be supplied with a collection of solar panels because
there is not a power source currently there. A 2000 watt solar panel configuration will be used.
This requires 8 solar panels with the dimensions of 65 inches by 40 inches. (2kW Solar Kit, 2013).
An informational kiosk will be constructed near the wetland site and will have the solar panels
attached to the roof. It is estimated that the minimum construction material requirements for the
kiosk include ten 2x8s, 2 sheets of plywood, and 4 poplar trees for the posts (Figures 12 and 13).
There is a high probability that OCF enthusiasts will volunteer time to construct the kiosk. It is
expected that maintenance will be needed due to clogging or mechanical malfunction of the pump.
Also, the photovoltaic system will need upkeep. The ten hours of labor budgeted for maintenance
of the piping will also apply to the pump and its components.

15.2 Treatment
The next aspects to be considered are those that treat the effluent, subsurface treatment wetland,
and poplar farm.
Wetland
The required Tier 3 treatment permit will cost $600 to $4000. The land will need to be graded to
the appropriate slope. Using the rate provided by R.S Means and an estimate of 5 hours to complete
the grading, the cost will be $350. The impermeable membrane necessary to prevent the graywater
from contamination the groundwater costs $80,000 per acre according to James Davidson, the
Senior Urban Conservationist in Dakota County, North Carolina who helped to create a similar
treatment wetland in Asheville. The rocks and soil necessary to create the 0.5 acre wetland will
require 1850 cubic yards of gravelly sand ($200/12 yards) and 200 cubic yards of 1-3 inch round
rock ($525/12 yards) (Eugene Sand and Gravel, 2012). A study conducted in 2003 in Kentucky
found that the presence of specific vegetation showed significantly greater removal efficiencies
(Vymazal, 2009). This vegetation list was cross referenced with the availability of native plants
from a local nursery, Beaver Lake Nursery.
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The wetland will also have recurring costs. This will include an annual permit renewal costing
$300 to $800. Also a highly variable replanting of unsuccessful plants will most likely be necessary
but is impossible to estimate. Finally, a bi-yearly monitoring of the characteristics of the effluent
will be required. It is proposed that this be done by volunteers provided by OCF.
There is a substantial financial benefit offered by the wetland because no graywater will need to be
trucked to the WWTP. The Veneta sewer rate for graywater from the OCF is $0.08 per gallon (Pitts,
2013). Using the estimate that 24,000 GPD will be used for 3 days during the Faire and 7,200 GPD
will be used for a total of 56 days before and after the Faire, a grand total of 484,200 gallons of
wastewater. A savings of $40,000 will be realized.
Poplars
The initial costs of creating the poplar plantation are high, but there is potential for income. The
site currently has 400 trees per acre and spends $6,200 to plant each acre (Weber Elliott 2009).
After reconsidering the design it has been found that 220 trees per acre are optimal. So the
multiplier 220/400 will be multiplied by $6200 to determine the cost per acre which is $3,410 for a
total of $60,000. The furrows between the trees will need to be created with a ridge plow
(Rosemeler et al., 2007). Again, it is proposed that an OCF volunteer would be able to loan this
piece of equipment. If this is not possible, the cost of excavation is $40,000 (R.S. Means).
The recurring maintenance costs are for the harvest and replanting of the poplar trees. Our design
includes 3 sections of the poplars of varying ages so the harvest will rotate. The harvest will occur
in a 12 year rotation. R.S Means quotes the rate of renting a tree feller is $500 per day. One day
would be adequate to harvest a one third section of the17 acre plot. The replanting for the
subsection would cost about $20,000 every 4 years, or $5,000 spread out annually. It is also
important to remove invading weed species. It is likely that this could be accomplished by
volunteers.
There are several income potentials from the harvested poplars. First, it has been established that
$2,200 per acre can be made from the sale of woodchips from the current design when 36 dry tons
per acre and 85% yield is estimated (Weber Elliott, 2009). It is estimated that with half the density
of trees, $1,100 income from wood chip sales is possible. A second income source is through
custom wine boxes. There are two vineyards very close to the OCF site: Secret House Winery and
LaVelle Vineyards. A six bottle slide lid wine crate costs $20 (Woodpack Industries, 2012). Annual
sale of 250 boxes is feasible for an income estimated at $1250, which is 25% of the total potential
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profit. Thirdly, a local portable saw mill operation, Long Tom Custom Sawmill, is interested in using
local and sustainable wood. This would be an ideal match, but the potential income is unknown.

15.3 Economic Conclusions
The installation of this design will cost about $265,000. There is an annual cost of approximately
$7,000 (Appendix L). Over a 30 year period there is a net savings of $144,400 (Appendix L). This
positive value is mainly driven by the savings created because the graywater will no longer need to
be trucked to the Veneta WWTP for treatment.

16. Conclusion
The Oregon Country Faire site has the characteristics necessary for an effective subsurface
treatment wetland and poplar plantation. The research conducted for this resulting report acts as a
valuable reference to construct this treatment system. There is an initial investment of $265,000
and an annual cost of $7,000. It is estimated that the project will take two years to implement. A
primary motivation for the Faire to complete this project is that when complete, regulations will be
met. It will also benefit the environment because salmonids will have cleaner water and the
western pond turtles should see an increase in population. Adding trees to an ecosystem will
sequester carbon. In addition, allowing the WWTP to discharge effluent into the wetland or poplar
plantation will deepen the positive relationship between the Faire and the City of Veneta. The OCF
will be able to promote the idea of becoming more environmentally sound and be a leader of
graywater reuse.
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Appendix A: Graywater Discharge Rates
If the pump was constantly running for 24 hours per day it could pump an average of:
[Equation A-1]
The peak flow of graywater is found using the following equation:
(
(

)(

)
)(

[Equation A-2]
)

[Equation A-3]

The amount of graywater discharged during the Faire is found using this conversion:
(

)(

)(

)

[Equation A-4]

The amount of graywater discharged before/after the Faire is found using this conversion:
(

)(

)(

)

[Equation A-5]

The peak flow, however, will remain the same because the number of showerheads is not changed.
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Appendix B: Pipes and Pumps
The inside diameter of this pipe is 2.078 inches (HDPE Water and Sewer, 2012). This number was
converted to feet using equation 6:
[Equation B-1]
The velocity of water through the piping was calculated using equation 7 (Houghtalen, 2010):
3.78 ft/s

[Equation B-2]

Where:
Q = 0.089 ft3/s
= 0.024 ft2
The equation for the head loss in the pipe due to friction is (Houghtalen, 2010):
( )

(

)

(

[Equation B-3]

)

Where:
o f = 0.02 (See Figure C-1 in Appendix C)
o L = 2000 feet
o D = 2 inches = 0.17 feet
o V = 3.78 ft/s
o g = 32.2 ft/s2
o Viscosity of water = 1.08x10-5 ft2/s
o e = 5x10-6 feet (Houghtalen 2010)
o e/D = 2.89 x 10-5
The Reynolds number was found using Equation 9:
[Equation B-4]
The friction factor was found by using Reynolds number, the e/D ratio, and the Moody Diagram.
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Appendix C: Moody Diagram

Figure C-1. Moody Diagram (Engineering Toolbox)
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Appendix D: Pump Performance Curves

Figure D-1. Performance curve for the 1.5 horsepower pump (Liberty Pumps)

Figure D-2. Performance curve for the 0.5 horsepower pump (Liberty Pumps)
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Appendix E: Head Loss Check

Table E-1. Typical head loss due to friction in plastic pipes such as HDPE.
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Appendix F: Support System Across the River
The weight of the water that would be in the pipe traveling over the river was found by multiplying
the area of the pipe by a one foot section of pipe then converting that number to a weight using the
density of water. This equation is:
[Equation F-1]
Where:
o L = 1 foot
o D = 0.173 feet
The density of pure water is 62.4 pounds per cubic foot. The volume was multiplied by this number,
yielding a weight of 1.5 pounds per foot of piping.
(

)

[Equation F-2]
[Equation F-3]

Potential additional loads include wind, snow, and animals. The largest of these three is a snow
load. Assuming a snow load of 8 inches and a density of 10 lbs/ft3, the weight of snow is as follows:
(

) (

)

[Equation F-4]

Pump Power
The pump will need to be a certain size and require a certain amount of power. These values were
found using the following equation found from Engineering Toolbox:
[Equation F-5]
Where:
o V (pump 1) = 230 V
o I (pump 1) = 15 A
o V (pump 2) = 115 V
o I (pump 3) = 12 A
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Appendix G: Holding Pond Dimensions
It is assumed that the pump will run for 10 hours per day. Therefore, this equation displays the
total volume of water that will be accumulated during the time the pump is off. The 1000
gallons/hour was found in equation A-1.
[Equation G-1]
The volume of 14,000 gallons was converted to cubic feet using equation 7. The conversion factor
was found using Engineering Toolbox:
[Equation G-2]
In order to reduce the elevation head yet maintain adequate volume to hold the water, a depth of 4
feet was chosen for the pond.
[Equation G-3]
A width of 100 feet was chosen for the pond so that it would span most of the way across the
wetland and give the outflow of the wetland a gradual slope to the pump. Using equation 14 gives a
length of 5 feet. A schematic can be found in Appendix D.
[Equation G-4]

Figure G-1. A schematic of the holding pond
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Appendix H: Thermal Balance
General Values for a Sandy Gravelly medium similar to that surrounding pipe:
Thermal conductivity (W/(m-K)
Density (kg/m3)
Specific Heat (J/(kg-K)
Alpha, thermal property of soil (m2/sec)

1.59
2000
800
9.94 x 10-7

http://apollo.lsc.vsc.edu/classes/met455/notes/section6/2.html

[

]

[Equation H-1]

√

Where:
o T∞ = 56°F at 30 ft (GEO 4VA)
o Tsurface = 70°F
o X = 1.17 ft
o
= thermal diffusivity= ⁄
(Wang, 2012)
o t = 8 hr
o Ti = deep temperature = 56°F
o T=outer temperature of the pipe
Next, the temperature at the depth of the pipe must be determined. It is found to be 68°F.
Parameter

Value

Source

Temperature at depth

56°F, 286.48 K

GEO 4VA

Temperature at surface

70°F, 294.26 K

estimate

Temperature at pipe depth

68.1°F, 293.19 K

Depth of pipe

1.17 ft, 0.36 m

Thermal property of soil
(m2/sec)

9.938 x 10-07

Thermal conductivity
(W/(m-K))
Density (kg/m3)
Specific Heat (J/(kg-K)
Time
Value to insert in erf function
Result from TI-84

Comment
Based on expected
climatic conditions

Wang, 542
Influenced by m/c and
compaction

1.59
2000
800
8 hr, 28800 sec
1.0510
0.8628

Table H-1. Determination of temperature at pipe depth
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Short time/semi-infinite solution
Energy flow in:

Energy flow out:
(

)

Assume Steady state → Δ storage= 0
Energy in- Energy out =ΔS
(

)

Take the lim Δx→0
(

)

Boundary condition T(x=0) =Tinflow = 90°F
∫

∫

Let Ө = T-Tsoil ; Let Өi = Tinflow-Tsoil

Using separation of variables and unit substitution, the integral is:
∫

∫

∫

∫

Ө(x=0)=Өi
Ln(Өi)=-D*0+c
C=ln(Өi)

( )

[Equation H-2]
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Solve for Twetland to find temperature into wetland.
Parameter
Temperature of water in pipe
Outer radius of pipe (D=2.375 in)
Inner radius of pipe (D=1.917 in)
Specific heat of water
Density of water
Flow rate of water in pipe
Thermal conductivity of HDPE
Length of pipe
D
Temperature at wetland

Values

Source

90°F, 305 K
1.19 in, 0.03 m JM Eagle
0.96 in, 0.024 m JM Eagle
4210 J/kg-K
1000 kg/m3
0.037 ft3/s, 0.001048 m3/s
0.46 W/m-K Matbase
2000 ft, 610 m
8.661 x 10-5
88.9°F, 304.75 K

Comment
160-200 psi

Table H-2. Values used to determine temperature of water discharged into wetland.
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Appendix I: Wetland sizing
Factors that influence wetland sizing include BOD removal, porosity of the gravel media, influent
temperature, and available area. Hydraulic retention time (HRT) depends on many variables.
However, BOD removal is generally the limiting time factor that will be used to calculate the
necessary retention time. The average BOD coming into a graywater wetland is approximately 65
mg/L (EPA). The final BOD of the wetland effluent must be below 10 mg/L (Graywater, 2012). BOD
is the limiting time factor for HRT and will be used to calculate HRT. Oregon Department of
Environmental Quality (Graywater, 2012) permits require that the BOD be below 10 mg/L to use
the water for furrow irrigation (Graywater, 2012).

Rate Constant
The equation for the reaction rate constant for BOD removal varies based on the system and the
bacteria present is seen below in the Arrhenius equation (Equation C-1).
(

(Equation I-1)

)

Where:
o K20 = Rate constant at 20°C = 1.1 day-1
o Θ = 1.06
o T = Temperature = 15.5°C
o (From Reed 1993, page 3-7)
A low temperature estimate of 60°F (15.5°C) will be used for the calculation to remain conservative
as reaction rate increases with temperature and because there may be times during the summer
when the wetland reaches that temperature.

Hydraulic Retention Time
BOD dictates how long the water needs to be in contact with the biofilm in subsurface wetlands.
The required hydraulic retention time depends on the influent BOD level, the required BOD effluent
level, and the outside temperature.

The expression used for calculating the retention time is seen by Equation C-2 (Reed, 1993):
(Equation I-2)
Where:
o Ce = Effluent BOD = 10 mg/L
o CO = Influent BOD = 65 mg/L
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-kT = Rate constant at 60°F = 0.85 day-1
t = Hydraulic retention time (days)

o
o

This equation can be rewritten in order to solve for hydraulic retention time.
(Equation I-3)
Substituting values into this equation:
[

]

For preliminary design, a hydraulic retention of 3 days will be used.

Wetland Volume and Dimensions
Hydraulic retention time is needed to determine the total necessary volume of the wetlands. To
accommodate maximum flow from the showers, a flow rate of 24,000 GPD is used (from Equation
A-4).
Total volume needed:
(

)

[Equation I-4]

The total amount of water the wetland needs to accommodate 72,000 gallons. Area can be
calculated using hydraulic retention time and volume.
According to the Sherwood Reed’s document on subsurface wastewater treatment wetlands
written for the EPA, an average wetland depth is 2 feet. This is what will be used to calculate area
from volume.
To estimate area, the following equation will be used (Yocum, 2006):
[Equation I-5]
Where:
o Q = flow = 3910 ft3/day
o t = HRT = 3 days
o d = depth of gravel = 2.0 ft
o n = porosity = 0.4
(

)

A common aspect ratio of length to width is 2:1 (Reed, 1993). This is what will be used to determine
the dimensions of the wetlands.
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√

√

[Equation I-6]

The calculated dimensions of the subsurface wetland.

As a check, using the area dimensions and the hydraulic retention time, the depth of water can be
calculated.
[Equation I-7]
The depth of water without the gravel is 0.8 feet. With a porosity of 40%, the depth of water with
gravel will be 2 feet.

Berm Material

(

)
[Equation I-8]
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Appendix J: Soil Infiltration Rate vs. Poplar Transpiration
To determine the limiting factor for the application of water onto the poplar plantation, the
soil infiltration rate must be compared to the poplar stand transpiration rate, which is represented
by these calculations:

 h   L 
f  K 0

L



[Equation J-1]

Assumptions:
o
o
o
o
o

Ψ = wetting front soil suction head = 0.2 m (Rawls, 1983)
h0 = the depth of ponded water above the ground surface = 0.46 m (furrow depth)
K = hydraulic conductivity = 0.58 in/hr = 0.015 m/hr (Soil Survey Staff, 2012)
L = Total depth of subsurface ground = 1.6m x 5 (factor of safety) = 8 m (Soil Survey Staff,
2012)
f = Infiltration rate = 0.05 ft/hr (Green-Ampt, 1911)

Since the time for irrigation is long enough to saturate the soil, the L term, length of wetted soil will
overpower the depth of ponded water and the wetting front soil suction head; this leads to an
infiltration rate at saturation of the hydraulic conductivity.

f  K =0.05 ft/hr
Total infiltration is the total area of the furrows multiplied by the infiltration rate. Thirty-nine
furrows are used based on spacing of 14 ft apart and the width of the plantation. The average
furrow will be approximately 1300 ft long and 3 ft wide.
[

]

⁄

The infiltration is then compared to the poplar transpiration rate to determine the water
application rate from the wetland to prevent pooling, and to optimize water intake.
Assumptions:
 The rates determined by Gochis and Cuenca are based out of Boardman Oregon, which is
dryer than the Willamette Valley in July. The transpiration rates in July in the Willamette
Valley are estimated to be equivalent to the transpiration rates in June in Boardman taking
atmospheric moisture into account. (Gochis, 1998; USEPA, 1999; Gochis, Cuenca, 2000).
Tree
Age

Transpiration
of the Stand
1
0.003 m/d
2
0.004 m/d
3
0.005 m/d

Figure J-2. Stand transpiration based on age.
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At 4 years, the poplars transpiration rate can increase up to approximately 7 mm/d in the
Willamette valley based on the previous assumption (Gochis and Cuenca, 2000). Since the
transpiration rate takes approximately 4 years to reach its maximum, the trees will be harvested
every 4 years in cycles of 12 years.
The area of the potential Hybrid Poplar plantation is 69,680 m2. If one third of the plantation is
harvested each cycle, the transpiration of the stand is:

Year
Transpiration
After
of the Stand
Last
Harvest
1
2684 gal/hr
2
3605 gal/hr
3
4909 gal/hr
4
5369 gal/hr
Figure J-3. Stand transpiration with one third harvested.

Based on a conservative estimate of 16 hours of potential transpiration, the transpiration per day
is:
Year
Transpiration
after
per day
Last
Harvest
1
42950 gal/d
2
57676 gal/d
3
78538 gal/d
4
85901 gal/d

This cycle will repeat and the flow rate that will be pumped to the poplars will be this rate at each
year of the cycle.
The irrigation flow rate is governed by the transpiration rate in the table above.
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Appendix K: Spacing for poplars
The spacing between each tree is determined with the planting density of 220 trees/acre and the
area provided for the plantation (Miller 2011). The number of trees was found using this equation:

Where:
o
o A = 741,000ft2 = 17 acres
The total number of trees can be represented by this equation:
TL * TW = 3740 trees
The amount of trees along the length and width of the field can be represented by these equations:

Where:
o TL = The number of trees in one row along the length of the field
o TW = The number of trees in one row along the width of the field
o S = the spacing between the trees along the length of the field
Substituting in TL and TW and rearranging this equation yields:
√

(Equation K-1)
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Appendix L: Cost Estimates
Beaver Lake Nursery Price Catalog. This nursery sells native plants, located in Beaver Creek, OR
(SE of Portland).
Scientific name
Common name
Price
Size
Quantity Cost
$3,500
Festuca glauca
Elijah Blue
$3.50 1 Gallon
1,000
$2,000
Festuca idahoensis
Fescue Idaho
$0.50 Plugs
4,000
$9,000
Thypha latifolia
Cattail
$3.00 1 Gallon
3,000
$2,500
Iris tenax
Oregon Iris
$1.25 3.5''
2,000
$2,400
Scirpus
Soft-Stem Bulrush
$0.40 plugs
6,000
$2,000
Sparganium emersum Bur-Reed
$0.50 plugs
4,000
Table L-1. Beaver Lake Nursery Catalog (http://www.beaverlakenursery.com/catalog-availability.pdf).

Gravelly Sand
Coarse Rock

Cubic Yards
Price for 12 yards
Cost
800
$200
$13,000
200
$525
$9,000
TOTAL COST:
$22,000

Table L-2. Price quotes from Eugene Sand and Gravel.

Assumptions
 The area planted in poplars is 17 acres.
 This area is broken into 3 sections each 6 acres.
 Each area is harvested every 12 years.
 The poplars are planted at a density of 220 per acre.
 2,400 feet of pipe are required to transport the graywater from the shower to the borrow
pit and then to the poplars.
 The hourly wage for labor is $40 per hour. (R.S. Means, 2012)
 30 hours of labor will be required to install the piping. (R.S. Means, 2012)
 10 hours of labor will be required to install the pumps, solar panels, and build the kiosk.
 2 pumps are required.
 The Faire will allow EPUD power to be used to power the 1.5 hp pump near the shower. A
solar panel will be used to power the 0.5 hp pump between the wetland and the poplars.
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Table L-3. Installation costs, highlighted numbers indicate section totals.
Comments:
1.

Includes labor

2.

Quote per Eugene Sand and Gravel, Eugene, OR, phone conversation on November 30, 2012.

3.

Walk behind, vibrating plate 18 in wide, 2 passes

4.

New Millenium Building Systems

5.

Anapode solar site. This is for 2000 Watt panels

6.

Hand tamp compaction in 12 in. layers for 4 feet depth.

7.

Based on BioCycle planting density

8.

With 33 furrows, 4500 ft2 each

9.

PexSupply.com

10. INYOpools.com
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HDPE Pipe Installation Guidelines
Class I, II, or III materials are suitable to use as backfill
Class IVa low plasticity materials (CL-ML) are not recommended since they must be compacted in
thin lifts while at or near optimum moisture content to provide proper pipe support.
2” diameter pipe requires a 21” trench width and a minimum of 12” cover, measured from top of
pipe, for a total depth of 14”.
According to WSS, our site is USCS: ML silt – low plasticity. Needs to be amended to a coarser soil.

Figure L-1. Schematic of the setup required for HDPE pipe installation (http://www.adspipe.com/en/installation/standardinstall/initialbackfill.html).
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Material
Total
Cost per Material Labor
unit
Cost
hours Installation Cost Total CostComments

Quantity Unit

HDPE Pipe, 2 inch diameter
maintenance

10

400
400

1.5 hp Pump
power

693 kWH
3 Monthly charge

0.0764
12

53
36

53 EPUD's current rates
36
89

Wetland
annual permit

300 to 800

maintenance

800 Using the highest conservative value

545 plug

535

Volunteer hours

535 Assuming a 5% replant requirement
1335

Poplar
Tree Harvest

1 Day

500

Tree replant

6 acre

3410

500 By R.S. Means cost of tree feller.
19323

Volunteer hours
Total annual cost:

4831 Replant to occur every 4 years
5331
7155

Table L-5. Annual Costs, highlighted numbers indicate section totals.

To determine the annual cost of power for the 1.5 hp pump, the total number of hours the pump is
expected to be running over the course of the Faire is calculated and then multiplied by the 3500
watts (3.5 kW) required by the pump. The current rates of $0.0764/kWh and the basic charge of
$12/month are used to calculate the total (EPUD Rates, 2012).
[Equation L-1]
[Equation L-2]
Here are the sources of potential annual income. The OCF currently has wastewater trucked to the
Veneta WWTP at a cost of $0.08 per gallon. By treating the water on site there is a potential savings
of $40,000. Also, the wood harvested from the poplar trees has the potential to be used as
woodchips or sold to a local winery to be made into specialty wine boxes.
Quantity
Wetland
Water not trucked to
WWTP
Poplar
Woodchips
Custom Wine Boxes

Material Income
per unit

Unit

Total
Percent of Total
income Income

484200 gallon

0.08

38736

82

6 acres
250 boxes

1100
5

6233
1250
46219

13
4

Table L-6. Potential Annual Income, highlighted numbers indicate section totals.
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Initial
cost
Pipe

Annual
Percent Cost

Potential
Percent Income
Percent

60902

23

0

0

0

5500

2

0

0

0

Wetland

99428

37

1335

19

38736

82

Poplar

96404

36

5331

75

8233

18

Pump including solar power

Table L-7. Summary of Results, highlighted numbers indicate section totals.

Implications
The poplars require 36% of the total installation cost and represent 75% of the annual costs, but
only offer 18% of the total annual income. It would be worthwhile to find more possibilities for
annual income from the poplar field to make the design more economically feasible.

Design Rejected
Installation
Annual Water Haul Cost

Design Installed –
Design Installed Design Rejected
0
-$265,500
-$265,500

-$38,700

0

$38,700

0

-$7,100

-$7,100

0

$8200

$8200

Annual Operation Cost
Annual Secondary Products
Income

Table L-8. Long term (30 year) savings embedded in design.

Figure L-2. Cash flow diagram for NPW calculation.

[Equation L-3]
[

[Equation L-4]

]

Where:
o NPW=net present worth
o P = present worth
o A = annual costs
o I = interest rate (9%)
o N = number of years
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Net present worth of 30 year savings after installation of design = $144,400
Project Comparison
Equate the Net Present Values for the proposed design and maintaining status quo and solve for the
amount of years to reach equity between the two options.
-38,700[

]=-265,500-7100[

]+8200[

Solving for N:
-39800[

]=-265,500

[

]=6.67

Number of years to reach equity is approximately 11 years.
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]

[Equation L-5]

