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A LOW-COST PUBLIC WASTEWATER FACILITY
FOR A SMALL RURAL COMMUNITY

Richard J. Otis, Robert T. Fey

Wastewater facility planning in small unsewered areas c¢an present
unique problems to the engineer. The costs of constructing, operating
and meintaining a conventional public wastewater facility are often beyond
the financial capebilities of the people %o be served. The high costs
are usually the result of applying technologies that are well adapted to
large urban areas to small communities where they are poorly sulted. Until
recently, most water pollution abatement efforts have been concentrated in
large cities and metropolitan areas where a network of gravity coilectioﬁ
sewers to convey the wastes to a common treatment plant is the most reason-
able facility. This type of facility has come to be considered the ultimate
design of any public wastewater facility. While this is the standard against
which all alternative facilities should be judged, other lower cost alterna-
tives need to Be conceived if smell unsewered communities are 3o be provided
with adequate service atkan affordable cost.

The Farmer's Home Administration estimates that user charges in excess
of 3/4 to 1-1/4 percent of the community's medium annual family income will

have a significant impact on family budgets.! In many small commmities in

the Upper Great Lakes area, the median annual family income is $10,000 or less.
Therefore, annual user charges should not exceed $125.00, yet it is not uncom-—

mon for arnual user charges for wastewater facilities in previously unsewered
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communities in Wisconsin to exceed $2L0.00 even with federsl and state assistance.

Hot only are these charges often beyond the users' abilities to pay, but they
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are frequently difficult to justify by the environmental benefits which
result.

While the extent of sewers is sometimes an issue, the decision %o
sewer traditionally has been a foregone conclusion. Yet this is the single
largest cost in conventional facilities. In an analysis of costs of all
public wastewater facilities constructed in the U.S.3, it was found that
construction and maintenance costs of the collection syétem account for more
than 65 percent of the average total annual costs of the facilities. In
small communities, the propertionate costs of the collection system is
usually much higher because development is more scattered, necessitating
longer lengths of sewer between connections. Therefore, if the cost of the
collection system could be reduced or eliminated, significant savings could
be realized.

Probably the greatest savings to the community, however, can be made
by reducing the operation and maintenance costs of the treatment plant. The
costs of sewer construction are eligible for grant assistance from various
funding agencies, but the day to day costs of operating and maintaining the
wastewater facility must be borne solely by the community. Conventional
treatment processes are often highly mechanized and require substantial
operator attention., This is particularly true for smell communities located
on small streams or rivers where effluent standards beyond secondary are
required. Simple, low maintenance treatment processes which can achieve
the required effluent standards or which avoid direct discharge of effluent
into surface waters need to be investigated if user charges are to be kept
within realistic 1limits.

Because the problem with small unsewered communities is = common one

around the Upper Great Lakes area, the ﬁpper Great Lakes Regional Commission
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and the State of Wisconsin supported a study through the University of
Wisconsin to demonstrate less costly facilities in a small community. Carl
C. Crane, Inc., consulting engineers from Madison, Wisconsin, provided
engineering services for the project. The small unsewered community of West-
boro, located in north central Wisconsin, cooperated in the study. It is
typical of hundreds of small rural communities in the Midwest which are in
need of improved wastewater facilities but are unable to afford cenventional
sewerage. This paper describes %he plenning, implementation and performance
of the selected élternative wastewater facility.

ATTERNATIVE FACILITY PLANNING

Westboro is located in Taylor County, Wiscensin, adjacent teo a trout
stream within the upper Chippewa River drainage basin. It was established
as a perganent community in the late 1850‘5 as a result of the Llumbering
industry, In 1873, the Wisconsin dentral Railroad reached Westhoro on its
way north, bringing more people and jobs. The population reached about 900
in 1900, but with the decline of the lumber industry, the large sawmill in
town closed and the population declined. By 1976, the population was
aﬁﬁrcximately 205 people. OFf 94 buildings located in the community, only 69
were occupied, including a school, four churches and several commercial
establishments. A small machine tool company and a sawmill remained in town
employing a total of about 10 to 15 people.

Until 1977, the community of Westboro had no public wastewater collection
or treatment facility. All the buildings were served by private septic tank
systems. A survey by the Wiscongin Deﬁartment of Natural Resources showed
that 80 percent of these systems were discharging wastes above ground. Many
of the systems were found to be interconnected by drains which discharged

directly into Silver Creek. This situation was declared a nuisance and a
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menace to health and comfort, as well as the public rights in the Upper
Chippewa River Basin. Consequently, the Department of Natural Resources
issued an order to the Town of Westboro to upgrade the existing septic
tank systems or construct a public wastewater collection and treatment
facility.

Because the scils and small lot sizes prevented the replacement of
most of the failing septic taﬁk systems, public sewerage was necessary.

The Town Sanitary Distriet #1 of the Town of Westboro was formed to incor-
porate all the bulldings with failing systems which were endangering the
water quality of the trout stream (Figure 1) and an engineering firm was hired
to complete g facilities plan.

The firm investigated two treatment alternatives: an extended aeration
package trestment plant and a two-cell lagoon, . Conventional gravity sewers
were proposed to collect the wastewater in both aliernatives. Both plans
would serve only 60 of the 69 occupied buildings. Homes to the north of
Westboro near Appaloosa Lane and those east of Silver Creesk in Queenstown
would not be served because of the excessive costs of extending sewers to
them. Though higher in initial cost, the engineering firm recommended the
lagoon alternative because of the lower operation and maintenance costs
(Figure 2). Thé estimated construction cbsts for this facility in 1967 were
$124,900 for the collection system and $109,000 for the lagoon, or a total
cost of $234,800, exeluding engineering fees and contingencies. This amounted
to approximately $3900 per unit plus an estimated $450 hookup charge. The
district residents were unable to afford this cost so the plan was never
implemented. When Federal construction grants became available through the
Water Pollution Control Act of 1972, Westboro applied, but as of February, 1976

thelir priority to receive a 75 percent grant was 318 for the treatment plant
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and 398 for the sewers out of 420 eligitle communities. This virtually
ruled out the possibility of comnstructing the facility for several years.

Alternative Facility Evaluation

Since the costs of sewer installstion and treatment plant operation
are the largest components of the total annual costs of public facilities,
alternatives which would reduce these costs were sought. The University
of Wisconsin® had been ‘developing and demonstrating onsite treatment and
disposal systems for individual homes and it was thought that the use of
such systems under public management might offer significant cost savings.

The first step in the planning process was to evaluate The physical
features of the community. Soil, topographic and plat maps of the area
were obtained. A house to house survey in the district was also made by
two distriect residents to determine the condition of existing onsite
systems and location and construction of private wells. This information
was used to make preliminary planning decisions.

The soils in and around Westboroe are primarily loams and silt loams of
the Amery, Freer, Santiago and Comstock series. These are deep, well to
somewhat poorly drained soils lying over sandy glacial +ill. Along the
wastern bank of the trout stream, north of County Trunk D, deposits of well-
graded sands exist. Borings conducted for a proposed dam in the area showed
these deposits to be over 20 ft (6 m) deep on top of glacial till. These
comprise a bench rising approximately 25 £t (7.6 m) above the stream. South
of County Trunk D the land is low with mucky peat soils predominating.
Similar soils are alsc found in the southwest corner of the district.

While soils suitable for conventional septic tank systems exist in
the district, most homes are located on poorly suited soils. The small lot

sizes, particularly in the center of the district, preclude the use of
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alternative individual systems as well. Therefore, it appeared that the
wastewater would have %0 be collected from most of the homes in the dis-
trict for treatment and disposal in some other area. The results from the
survey confirmed the need for off-lot disposal. Since discharge to the
trout stream, would require a rather high level of treatment, methods
cf soil disposal were preferred. )

A common disposal system was considered to be the best alternative for
the Front Street area which includes the business distriet. This area is
divided into small 50 £t (15.2 m) x 150 £t (U45.7 m) lots. Most of these
are developed, leaving little area to construct new individuwal septic tank
systems. Joseph's Addition is a low lying area with poorly drained soil.
Individual mound systems could be installied, but a common system would be
more cost-effective. Individual systems also could be constructed in
Grossman's Addition, but because of the density of homes, a common system
appeared to be a better alternative. However, the soils in this area are
s8ilt loams which would require a rather large soil absorption field. Thers-
fore, intermittent sand filters followed by disinfection with discharge *o
the trout stream was an additional alternative considered for this area.

The remaining homes to the north and in Queenstown were too scattered
to warrant cémmon disposal facilities. Tt was determined that these homes
should remain on either publicly managed conventional septic tank systems or
mound systems, if possible.

Because the collection systems required to collect the wastewater from
the various clusters would be extensive, alternative methods of collection
were investigated to keep the costs down. ©Small diameter gravity sewers and

pressure sewers were compared to conventional gravity sewers. These alterna-

tive collection systems offer several advantages over conventional gravity
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sawers. Both collect septic tank effluent rather than raw wastewater.
Since all treatment and disposal methods under consideration require a
settled waste, existing septic tanks ccould be used to eliminate the need
for constructing sedimentation facilities at the disposal site. Alseo,
less excavation is required for sewer installation. Because grit and
settleable s0lids are removed in the septic tank, scouring velocities do
ot have to be maintained in the gravity sewers, allowing the pipe to be
iaid on & flatter grade. Pressure sewers, on the other hand, can follow
the topography with the only requirement that the lines be placed below the
frost line.

Several alternative systems for the various areas were considered.
Because of the limited disposal sites avallable, it was appropriate to
combine the Front Street and.Joseph's Addition areas, disposing of the
wastewater in a conventional soll absorption field tc be located on the sand
bench along the trout stream east of town. Both small diameter and pressure
sewers wers evaluated for these combined areas. In Grossman's Addition, the
topography is well sulted for gravity collection for conveyance of the
wastewater to the area southwest of the school. Treatment and disposal
alternatives considered wére soil absorption, sand filtration with chlorina-
tion before discharge to the trout stream, and pumping to the Front Street/
Joseph's Addition gravity system for disposal in the soil absorption field.
A pressure sewer combined with Front Street/Joseph's Addition pressure sewer

with disposal in the sand bench was also evaluated.

Facility Selection

Each of the alternatives was evaluated and compared on the basis of
reliability, envirommental impact and present worth costs. After weighing

each criterion, a system of small diameter gravity sewers collecting the wastes
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from each cluster and conveying them tc a single area for soil absorption
northeast of Joseph's Addition was reccmmended (Figure‘3). Pretreatment
would be provided by Individual septic tanks already in place at each home.
Homezs to the north and in Queénstown would also be inecluded in this system.
Cost comparisons between all alternatives were made using present
worth analyses. These included operation and maintenance costs as well
as capital costs. Hookup costs of $450 per service connection were included
as a separate item in the conventional alternatives since the other alterna-
tives include hookups as part of the construction costs. Tndividual onsite
system construction estimates were also inecluded for those homes within the

district not served by the collection system. A system life of 20 years with
5

an annual interest rate of 7 percent was used in the analysis. This analysis
indicated that the system of small diameter gravity sewers with & common

soil absorption field would be the most cost~effective of all alternatives
evaluated and more than 30 percent less costly than the conventional lagoon
facility.

Assuming & 50 percent grant for construction of the facility from the
Farmer's Eome'Administrqtion (FmHA); and the State of Wisconsin, and a 5 percent,
LQ-year loan through the FmHA for fhe remainder, érojeéte& user charges
would be $8 per month plus a $20Q0 assessment for each connection. The

district’s commissioners felt this would be within the community's financial

capability so they voted to continue with the project.

FACILITY DESIGN

Septic Tanks

The suitability of existing septic tanks was determined during the
construction phase by removing the tank contents and inspecting the baffles

and tank walls and covers. At hemes where new septic tanks were necessary,
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State-approved prefabricated 1000 gal {3785 1), single chambered tanks
were specified regardless of the home size. The tank volume used for
commercial establishments was determined from the sizing criteria given
in the Wisconsin State Plumbing Code.®

Reinforeed conecrete, steel and fiberglasé sre approved mafterials for
septic tank construction in Wisconsin but reinforced concrete was the
preferred material because of its durability and structural sitrength. A
bituminous compound coating was applied to the outer wall of the concrete tank
in areas of high water tables to prevent infiltration.

Effluent Sewers

Experience with small diameter gravity sewers has been limited to
Augtralia. Guidelines used for their design in Westboro were ones developed
by the South Australiz Department of Public Health.  These guidelines are
sumarized in Table 1.

Four-inch (10 cm) diameter mains were specified set at a minimum gradient
of 0.67 percent. Assuming.a peak flow of 3 gpd (11.} 1pd) per person®
this size sewer can serve approximately 600 persons while flowing hslf full.
This is a conservative design because péak flows are dramatically
attenuated through the septic tank. * ? Peak flows of 1 gph (3.8 1ph)
per capita are more likely,“ #hich inerease the design ecapacity of each
sewer line to 1800 persons.

Manholes were placed at the upstream end of each line and at spacings
up to 600 £t (182.9 m). Greater than 400 ft (121.9 m) spacing was permitted
because hydraulic jetting equipment is available which can reach more than
300 £+ (91.k m). Because settleable and floatable solids are excluded from

the sewers, curvilinear alignments both in the horizontal and vertical planes



-] 0

were permissible. Manholes were only required at Junctions and at locations
necegsary to maintain the maximum 600 £t (182.9 m) spacing.

Some homes had deep drains that were below the proposed sewer invert
elevations. Small residential 1ift stations following the septic tanks
were used at these homes to 1lift the wastewsbter into the gravity sewers.

Three community 1ift stations were necessary in the collection system.
One is located socuthwest of the school where the wastes from Grossman's
Addition are collected. These are pumped into the gravity main along Center
Street. Another collects the wastes from the Queenstown ares and pumps
them across Silver Creek to the gravity main along CTH D. The third, located
on CTH D, receives all the septic tank effluent collected and pumps it to
the siphon chamber where it 1s dosed onto the seil absorpiicon fields.

Due to the nature of the facility,. some savings were made in the design
of these 1ift stations. Because septic tank wastes are being collected,
large solids-handling pumps are not necessary. Also, standby electricity
generation equipment is not necessary because each home is on itsg own private
well. In case of power outage, only water stored in the pressurs tanks is
discharged. Wastewater storage 1s provided in bthe 1ift stations, sewer mains
and septic tanks (due to the three inch drop between the inlet and outliet
of the tanks), which is sufficient to prevent backups. If not, a pwmper is
available to pump down the 1ift stations.

Soil Absorption Fields

Uncertainty arcse as to what should be the design capacity of the absorp-
tion beds. In 1976, the population of Westboro was approximately 200 people
and reasonably stable, but growth had been prevented because most of the soils
in the area are unsuitable for individual septic tank systems. The provision

of a public wastewater facility in Westborc would open up suitable building
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sites. This could stimulate rapid growth but if tco much excess capacity
were to be included, the costs would become excessive. Therefore, it was
decided that the field would be designed for meximum development within
the present distriet boundaries only. Areas which potentially could be
developed outside the district would not be included. If these areas were
to be developed and annexed to the district, separate cluster systems
serving only the new developments would be necessary}

Several methods for estimating the design flow were investigated. Good
design eriteria for large soill absorption beds is lacking because so few
have been constructed and closely monitored. The usual method for sizing is
to assume 150 gal/day (568 1/d4) per bedroom served. The estimate provided
by this criterion was 145,000 gal/day (170 m?/d) which was not considered
appropriate because it represents peak flow. With the large number of homes
on the system, substantial flow equalization would be expected. This would
allow designing for the average daily flow. If an average of 45 gal/day
(170 1/4) per capita were assumed®, a design flow of 13,000 gal/day (49 m?/d)
results. However, this estimate does not allow for any inflow or infi;tra—
tion which may occur. As a compromise, 250 gal/day (0.95 m®/d) or 30,000
gal/day (113.6 n’/d) was assumed.

The application rate chosen for the absorpticn beds was dependent upon
the soil type. The soil is primarily medium sand. Iong term infiltration
rates into such soils loaded with septic tank wastes have been determined
to be approximately 1.2 gal/day/sq £t (0.049 m®/m%d).*" Therefore,

2 total area of 25,000 sq ft (2322.5 m?) was necessary,
The necessary absorption area is provided in three 100 ft (30.5 mi by

130 £t (4O m) cells. Rach cell has a design capacity of 15,600 gal/day (59 m®/4a)

or approximately 50 percent of the design flow. At any one time, two of the cells
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are in service and the third acts.as a standby. The standby bed is rotated
into service annually sc that each cell is loaded for 2 yr and "rests" for
1 yr. The resting phase is:meant to restore the cell's absorption capacity
. through biochemical rejuvenaticn of the soil's infiltrative surface. Opera-
ting in this maﬁner, the cells should last indefinitely if not overloaded.

In case of failure, however, the standby bed would be rotated in immediately.

——— - en e e

© Pressure distribution networks were designed to distribute the
wastewater uniformly over the infiltrative éurface to prevent local overload-
ing.'¥ 12 Tyo 8-in (200 mm) PVC manifolds were used in esch bed, feeding
bein (100 mm) PVC laterals spaced every 5.25 £t (1.6 m). The laterals were
perforated in the inverts with 15/32-in (11.9 mm) holes. Manifolds are fed
by a 12-in (300 mm) PVC pipe leading from the siphon chamber.

Three 10-in (250 mm) siphons were installed, one for each bed. They
are capable of discharging an average of 1000 gal/min (0.06 m®/s) at the
design head. The 12-in {300 m) pipe into which they discharge is larger
than the siphon to permit air in the pipe to vent back out the siphon chambers.

Two siphons are operating at any one time. They automatically altermate
operation discharging approximately 8000 £al(30.3 m’) per dose. At design
capacity, each bed will receive 2 doses per day. The third siphon is taken

out of service by closing g ball valve installed in the sirhon's blow off vent.

OPERATION
The facility has Been in operation since September, 1977. The sanitary
district is responsible for the cperation and maintenance of all components

cf the facility, including those located con private land commencing from the
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inlet of the septic tank. The individual septic tanks are owned by %he
distriet. Access to the tanks for maintenance is assured through permanent
easements obtained from each property owner. These easements were general
gasements felated to the septic tanks rather than metes and bounds descrip-
tions. The property owner is responsible for providing and maintaining thé
lateral drain from'his home or establishment to the septic tank and, if
necessary, paying any power costs associated with 1ifting his effluent into
the collection sewer.

The facility requires very little attention by the cperator. All
duties can be performed by an unskilled laberer. The tasks require no more
than an average of 2 to 4 man hours per week. The maintenance schedule is
sumarized in Table 2.

Each year, one-~third of +the septic tanks are pumped to remove sludge accumula-
tlons. This work is performed by a local pumper under conmtract with the district.
The pumper is given a pumping route to follow each year. Because the pumpings ere
regularly scheduled and not emergency runs, the costs of pumping can bhe much
less than usual. By monitoring the sludge accumulations it may be detérmined
_that some tanks‘may require more frequent pumping than once every three years,

winile others will require less frecuent pumping.

FROJECT COSTS AND FINANCING

Project Savings

The total project costs of the Westboro facility were $435,175 (1977
dollars). Of this amount, $351,500 was the cost of construction. The project
costs are summarized in Table 3.

To determine the actual cost savings realized with this alternative
facility, the cost of constructing the conventional stabilization pond

alternative was estimated. To obtain a reliable estimate, unit costs were
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used from az neighboring community which had constructed a gravity collection
stabilization pond facility serving T5 connections the same year. This
community also consiructed a water supply system at the same time, which
reduced the wastewater construction costs sOmgwhat. Table 4 presents a
ccst comparison of the two facilities.

This comparison indicates that a 12 percent savings per connection
was made in the cost of construction over a conventional facility. This
savings is not as great as hoped. However, the constructed facillity serves
every home in the district while the conventional alternative would not
have served 13 of the homes because of the high cost of extending sewers
to them. The alternative facility averaged 255 ft (77.7 m) of vipe laid
per connection, while the conventional collection system would have averaged
195 £t (59.% m)} per connection. Thus, over 31 percent more pipe was laid
for 12 percent less cost.

Construction Funding

Construction of the facility was financed through grants,‘loans and
local assessments. Financial assistance was received from FmHA and Wisconsin's
Department of Natural Resources., At the time of construction, FmHA was limited
to & maximumm grant participation of 50 percent (sum of all grants) of the total
project cost, with the remainder provided through a 5 percent, 40~year loan. Wis=
consin DNR provided a Z1 percent construction grant. ZFligible costs inecluded 10
percent of the engineering fees and construction of facilities cn public lands. Lané
costs were ineligible. The local share of construction costs was obtained through
gpecial assessments and hockup charges. Those homes which had good tanks
were cﬁarged only a $100 hookup fee. If & new tank was ingtailed, an additional
$200 assessment wes made. Some homes within the distriet hed no indcor

plumbing, but the owners indicated they intended to install plumbing in the
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used from a neighboring community which had constructed a gravity collection
stabilization pond facility serving 75 connections the same year. This
community also consiructed a water supply system at the same time, which
reduced the wastewater construction costs somewhat. Table 4 presents a
cost comparison of the two facilities.

This compariscn indicates that a 12 percent savings per connection
wa.s made in the cost of constructicn over a conventional facility. This
savings is not as great as héped. However, the constructed facility serves
svery home in the distriet while the conventicnal alternative would not
have served 13 of the homes hecause of the high cost of extending sewers
to them. The alternative facility averaged 255 £+ (77.7 m) of pipe laid
rer comnection, while the conventicnal collection system would have averaged
195 £% (59.4 m) per comnection. Thus, over 31 percent more pipe was laid
for 12 percent less cost.

Construction Funding

Construction of the facility was financed through grants,lloans and
local assessments. Flnancial assistance was received from FmHA and Wisconsin's
Department of Natural Resources. At the time of construction, FmEA was limited
to & maximum grant participation of 50 percent (sum of a2il grants) of the total
project cost, with the remainder provided through a 5 percent, L0-year loan. Wis-
consin DWR provided a 21 percent construction grant. Eligible costs included 10
percent of the engineering fees and construction ¢f facilities on public lands. Lané
costs were ineligible. The local share of construction costs was obtained through
gpecial assessments and hookup charges. Those homes which had gocd tanks
were charged only & $100 hockup fee. If a new tank was installed, an additionmal
$200 assessment was made. Some homes within the district had no indoor

rlumbing, but the owners indicated they intended to install plumbing in the
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near future. Tanks were ins+talled on these properties and only the $200
was assessed the owners. A summary of the project's financing appears in
Table 5.

User Charges

Four classes of users have been identified iﬁ Westboro based on
estimated water use. Residential users represent the largest class. Until
Juiy, 1679, the residential users were billed $8/mc.of which $1.25
was for operating expenses and $6.75 was for debt retirement. Since that
time, these charges have been increased to $10/mo to provide $2/mo
for the distriet’'s depreciation account. The 1982 user charges for each

class appear in Table 6. The operating budget for 1982 is shown in Table 7.

FACILITY EVALUATION

Because this type of wastewater facility is unique, few design criteria
and performance data exist. Therefore, the operation of Westboro's facility
is being followed to evaluate its performance. While the evaluation is
still in progress, four years of operating data have indicated ways the
‘design could be improved.

Design Flows

The total wastewater processed each day is metered at the main 1ift
station where all the wastewater is pumped to the siphon chamber. Average
daily flows have been less than 8000 gpd (30.3 m®/d) or less than 100 gpd
(0.5 m*/d) per comnection, including the school and commercial buildings.

On a per capita basis, the flows are less than 40 gpd (151 1/4). These unit
flows are more than 60 percent below the unit flows used to estimate the
design flow. Future soil absorption field designs will be based con estimated

per capita flows and projected populations.
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Effiuent Sewers

The intent behind using the small diameter gravity sewers was to
reduce the costs of collectiing the wastewatesr. However, significant
savings in the costs of construction were not realized bescause uniform
gradients sufficient to provide 1.5 ft/sec (0.4 m/s) at half full
conditions were maintained. Also, manholes were provided at all junctions
and at minimum intervals of 600 £t (1.83 m) to facilitate cleaning opera-
tions. If it could be shown that obstructions would not occur at reduced
minimm velocities and if cleaning operaticns could be effective with
fewer manholes, significant cost savings could result.

Observation of the sewers indicatez that solids accumulations from
the wastewater are limited to slime growths which easily slough from the
side of the pipe. Grit and larger ssttleable solids have not entered the
system except at manholes located along shoulders of roads. The manholes
have been a constant source of grit and gravel. If it can be shown that
hydraulic flushing is sufficient to remove the slime growths, then reduced
pipe.gradients or even variable gradients may be possible and the manholes
replaced by simple cleancuts. Studies at Westboro are underway rresently
to demonstrate the feasibility of this concept. If successful, small
diameter gravity sewer construction could be similar to water malin construc-
tion where the hydraulie gradse line elevation rather than the pipe invert
elevation is the critical factor. This would reduce construction ccsts
dramatically.

The sloughing of biological slime in the sewers has iﬁcreased the
suspended sclids load onto the soil absorption field. This is a distinet
shorteoming of the Westhboro design. A terminal settling tank should be

provided prior to the dosing tank to remove these solids. A ftank with a
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Effluent Sewers

The intent behind using the small diameter gravity sewers was to
reduce the costs of collecting the wastewater. However, significant
savings in the costs of construction were not realized because uniform
gradients sufficient to provide 1.5 ft/sec (0.4 m/s) at half full
conditions were maintained. Also, manholes were provided at all junctions
and at minimum intervals of 600 £t (1.83 m) to facilitate cleaning cpera-
tions. If it could be shown that obstruecticns would not occur at reduced
minimum velocities and if cleaning coperations could be effective wifh
fewer manholes, significant cost savings could result.

Observatién of the gewers indicates that solids accumulations from
the wastewater are limited t§ slime growths which easily slough from the
side of the pipe. Grit and larger settleable sclids have not entered the
system except at manhcles located along shoulders of rcads. The manholes
have been a constant source of grit and gravel. If it can be shown that
hydraulice flushing is sufficient to remove the slime growths, then reduced
pipe gradients or even variable gradients may be possible and the manholes
replaced by simple cleanouts. Studies at Westboro are underway presently
to demonstrate the feasibility of this concepi. If successful, small
diameter gravity sewer construction could he similar to water main construc-
tion where the hydraulie grade line elevation rather than the pipe invert
elevation is the critiecal factor. This would reduce construction costs
dramatically.

The sloughing of biological slime in the sewers has increased the
suspended solids load onto the soll absorption field. This 1s a distinet
shortcoming of the Westboro design. A terminal settling tank should be

provided prior to the dosing tank tc remove these solids. A fank with a






17—

detention time of 6 hrs would probably be sufficient.

Odors and corrosion of the 1ift stations have created minor oproblems.
Agitation of the septic waste in the wet well by the incoming wastewater
reisases odorous and corrosive gases. The odor problem has been corrected
by extending the inlet sewérs vertically down below the low water level in
the wet well., Corrosion, on the other hand, continues to be z problem.
Non-ferrous metals are necessary for all 1ift station compenents.

Soil Absorption Field

The abscorption capacity and treatment efficiency of the ;oil absorp—
ticn cells have been monitored since their construction. The data ccllected
indicates that the field is not operating like smaller fields on which the
Westhoro design was based. The present flows are only azbout 25 percent
of the design flow. Yet, .the two cells in operation remain ponded at all
times; indicating that the infiltration rates are 0.5 to 0.7 gal/sq ft/day
{2=-3 cm/d) rather than the 1.2 gal/sq ft/day (5 em/d) used in design.
Apparently, the clegging mat which has formed at the infiltrative surfaces
is more restrictive than those which typically form in smaller systems.

The reascns for this have not been determined but are presently under investi-
gation,

The groundwater gquality is being monitored through é series of well
nests surrounding the absorption field. A total of 28 wells are used.
Monitoring of the groundwater elevation and gquality in each of the wells
began prior to wastewabter application to the cells. Analyses include nitrogen,
chlorides, total dissolved solids and fecal coliforms. This moniioring
indicates that the groundwater quality is not being impacted seriously.
Nitrate concentrations increased in some wells initially but remained below

10 mg/1l as nitrogen. After the initial period, the nitrate was replaced
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by ammonia which continues to be found, indiceting that the soil pore gas under
the large beds is deficient of oxygen unlike %*hat found below smaller beds. Fecal
indicators have not been found, however. Except for the change in the form of

nitrogen, the field appears to he treating the wastewater as expected.

SUMMARY

The alternate wastewater facility constructed in the comminity
of Westboro has been a success. Though the residents were unable to afford .
conventional sewerage, the costs of constructing small dizmeter sewers
and a common subsurface soil absorption field were within their finaneial
capabilities. At least a 12 percent savings in construction zosts
realized. More significantly, this type of facility has reduced cperating
costs over conventional gravity sewers and a stabilization pond facility
by 65 percent. The construction savings were not as great as hoped, but
operational experience gained thus far indicates that changes can be made
in the design which would inerease the savings in future facilities of this
type substantially.

While this project has been successful, there are deterrents to
widespread implementation of similar plans for other small communities.
Biases of engineers and regulatory agencies favor central gravity sewers
and treatment plants. OCne of the greatest deterrents is the lack of know—
ledge and experience with the design and performance of alternative tachnolo-
gies. The facility built at Westbhoro demonstrates cnly one alfernative
which is not a suitable facility for many areas. Communities with undulating
topograephy will find small diameter gravity sewers as cestly as conventional
sewers and communities with poor soil will not be able to utilize soil
absorption. Other technologies have been developed for such situations but

they hzve not been demonstrated in the small community setting.
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by ammonie which continues to be found, indicating that the soil pore gas under
the large beds 1s deficient of oxygen uznlike that found below smaller beds. Fecal
indicators have not been found, however. Except for the change in the form of

nitrogen, the field appears to be treating the wastewater zs expected.

SUMMARY

The alternate wastewater facility constructed in the commnity
cf Westboro has been a success, Though the residents were unable to afford.
cenventional sewerage, the costs of constructing small diameter sewers
and a common subsurface soil absorption field were within their finaneial
capabilities. At least a 12 percent savings in construction costs
realized. More significantly, this type of facility has reduced operating
costs over conventional gravity sewers and a stabilization pond facility
by 65 percent. The construction savings were not as great as hoped, but
operational experience gained thus far indicates that changes can be made
in the design which weuld ineresse the savings in future facilities of this
type substantially.

While this project has been successful, there are deterrents to
widespread implementation of similar plans for other small communities.
~ Biases of engineers and regulatory agencies favor central gravity sewers
and trestment plants. One of the greatest deterrents is the lack of know-
ladge and experience with the design and performence of alternpative technolo-
gies. The facility built at Westboro demonstrates only one alternative
which is not a suitable facility for many areas. Communities with undulating
topography will find small &izmeter gravity sewers as eostly as conventional
sewers and communities with poor soil will not be able to ubtilize soil
absorption. Other techrologies have been developed for such situations but

they hzve noi been demonstrated in the small community setting.
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Also, regulatory codes are often too restrictive to permit construc-
tion of less costly facilities. The codes are based on design coriteria,
materials and construction techniques which were developed for urban arssas
where conventional sewerage is used. Therefore, these areas favor conven-
tidnal sewerage; The result is thaﬁ engineers are moré likely %o design
a conventional facility which would create fewer objections by the
reviewing agency.

Additional demonstrations of alternative facilities in small communi-
ties are needed. Such demonstrations would not only demonstrate the range
of technologies available and their performance characteristics, but would
also help to develop a planning methodology which could be used by engineers
to generate the most appropriate wastewater facility in a given community.
If the goals of the Clean Water Act are to he reached, then more practiczl

facilities planning must be encouraged.
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TABLE 1

Scuth Australia (Guidelines for Small Diameter Gravity Sewers’

Minimum Pipe Diameter hoin (10 cm)
Minimum Veloeity (1/2 full) 1.5 £t/sec (046 m/s)
Minimm Gradient

hein conduit C.67%

f-in conduit 0.40%

8-in conduit 0.33%




TABLE 1

Scuth Australia Guidelines for Small Diameter Gravity Sewers

Minimum Pipe Diameter boin {10 cm)
Minimum Veloeity (1/2 full) 1.5 £t/sec (0,46 m/s)
Minimumm Gradient

L-in conduit 0.67T%

6-in conduit 0.40%

8-in conduit 0.33%







TABLE 2
Facility Maintenance Scheadule

Daily _
® (heck 1lift station alarm lights.
Weekly
® Open 1lift stations for visual inspection of pump operaticn float
control operation and debris accumulation.
® Record total weekly flow from pump, running time meters as per
WPDES* permit reguirement.
Monthly
® Check siphon operation.
® Tnspect observation vents in each cell for depth of ponded water;
switch cells if necessary. '
Annvally

® Fach spring, alternate resting bed into service and drain manifold
of bed taken out of service.

® Tnspect the surface of the absorption field and £ill any holes and
depressions.

® Pump 1/3 of septic tanks each year according to schedule.
® Pump lift stations and siphon chamber to remove sludge.

® Flush sewer lines as necessary.

¥ Wisconsin Polluticn Discharge Eliminetion System



TARBLE 3
Construction Cost Summary (1977 dollars)

COLLECTION (includes house lateral, septic tanks, collection mains and 1ift stations)

Construction $252,635
Land and Rights G
Legal Services 4,500
Engineering and Inspection L8, 325
Bond Council 1,000
$306,460
TREATMENT (includes siphon chamber and soil sbsorption field)
Construction $ 98,865
Land and Rights 6,000
Legal Services 2,500
Engineering and Inspsection 26,750
Bond Council 500
$128,715

TOTAL  $435,175




TABLE 3
Construction Cost Summary (1977 dollars)

COLLECTION (includes house lateral, septic tanks, collection mains and 1ift stations)

Constructicn $252,635
Land and Rights 0
Legal Services 4,500
Engineering and Inspection 48,325
Bond Council 1,000
$306,460
TREATMENT (includes siphon chamber and soil abscrption field)
Constructicn $ ¢8,865
Land and Rights 6,000
Legal Services 2,500
Engineering and Inspection 20,750
Bond Council 600
$128,715

TOTAL  $435,175







TABLE k&

Comparétive Cogts of Constructicn for
Conventional and Alternative Facilities (1977 dollars)

Actual Costs of Egtimated Costsl
Westboro Facility of Conventional
Alternative
. 2 3
Collection $252,635 $181,315
Treatment 98,865h 171»,150h
Total $351,500 $355,465
Cost/Connection 4,135 (85)5 &, 677 (76)5
Number of Homes Unserved 0 13

* Unit costs obtained from Village of Curtis, Clark County. Gravity collection/
stabilization facility serving 75 connections. Constructed 187T.

e Includes septic tanks and house laterals.
3 Ineludes customer hookup charges of $483.
4 Excludes land costs.

° Number of connections.



TABLE 5

Surmary of Construction Finanecing (1977 dollars)

Westboro Town Sanitary Distriect

Tank Assessments
Residential (82 tanks x $200)
Commercial (3 tanks x $300)

Hookup Charges (77 hockups x $100)

Farmer's Home Administration (FmHA)

Grant

Loan

Wisconsin Department of Natural Resources (DNR)

$16,Lk00
900

T,TCO

$213,000

105,000

$ 92,175

TOTAL

$25,000

$31.8,000

92,175

$435,175




TABLE 5

Surmary of Construction Financing (1977 dollars)

Westboro Town Sanitary District

Tank Assessments

Residential (82 tanks x $200) ' $16,4h00

Commercial (3 tanks x $300) 900

Hookup Charges (77 hookups x $100) . 7,700
825,000

Farmer's Home Administration (FmHA}

Grant . ' $213,000

Loan 105,000
$318,000
Wisconsin Department of Natural Resources (DNR) $ 92,175 02,175

TOTAL $435,175







TABILE 6
1981 User Charges

Residential 81 @ $10.00/mo $9720.00
Small businesses 1@ 1L.,00/mo 168.00
Commercial 2 17.00/mo 408,00
Sehool 1@ 112.00/mo 134k .00

TOTAL ANNWUAL REVENUES  $11,6L0.00




TABLE T

1982 Operating Budget

Wages $1.,350
Office supplies & Misc. 100
Tnsurance and Bond 250
Utilities L00
Legal and Accounting 750
Repairs and Maintenance 750
Lean 1,000
FrfiA Loan Interest 5,200
Depreciation 8,000
TOTAL $17,800

1982 REVENUES $11,640

DEFICIT $ 6,160"

1Ty be taken from depreciation account.



TABLE 7

1982 Operating Budget

Wages $1,350
Office supplies & Misc. 100
Insurance and Bond 250
Utilities k0o
Legal and Accounting T50 °
Repairs and Maintenance 750
Loan 1,000
FmHA Loan Interest 5,200
Depreciation 8,000
TOTAL $17,800
1982 REVENUES $11,6L0
DEFICIT $ 6,160!

1 C s
To be taken from depreciation account.






