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ON-SITE WASTEWATER FACILITIES FOR
SMALL COMMUNITIES AND SUBDIVISIONS

Richard J. Qtig!

INTRODUCTION

In 1970 approximately 19.5 million households or nearly 30 percent
of 811 housing units in the United States disposed of their wastewaters
by some form of private sewerage facilities (19). This number is
growing at an increasing rate, due to an emerging trend of population
movement to rura; areas where community sewage treastment facilities are
not usually available. Retired persons are moving back to rural areas,
as well as young families who are following the growth of industries on
the outlying fringes of metropolitan centers (2). Most of these rural
households utilize septic tank systeﬁs to disp0fe of their wastewater.
Because of poor design, construction or ﬁaintenance, however, a large
number of these systems are failing te provide adequate treatment and
disposal of their sewage.

Many households, while located in rural areas, are situated in
small communities or subdivisicns ranging in size from a few households
to a humdred or more. In such instances, feiling septic tank systems
which allow raw or poorly treated sewage to reach the ground surface,
surface bedy of water or even the groundvater, create a severe public
health hazard and nuisance because of the close proximity of homes.
Public wastewater facilities are often the only solution to abate the

problem.

1Sanitary Engineer, College of Engineering, University of Wisconsin-
Madison; Division of Economic and Environmental Development, University
of Wiscongin-Extension.
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CONVENTIONAL PUBLIC FACILITIES

The traditionsal method of providing public wastewater facilities is
to construct a system of gravity collection sewers which convey all the
wastewaters to a single community treatment plant. This "central" system
is preferred by governmental authorities, engineers and the public alike
for several reasons. First, the gravity sewer system is tried ang proven.
There 1is much technical expertisze in the theory, design and operation of
central sewerage which has led to great confidence in the sfstem. Second,
central sewerage is usually more cost-affective because of economies of
scale. It is less costly to serve meny people with one system rather
than each cne individually. Third, central sewerage allows ready appli-
catlcon of central (and usually public) management which is res?onsible
for the proper functioning of the system. 'The Availability of a single
entity to manage the system is quite desirablé from a regulatory
authority’'s viewpoint because the authorities have an entity against
whom fhey can bring administrative or judicial sction to abate water
polluticn problems. Central management is-also favorsd by the homeowner
who ro longer has to worry about his private system.

For smaller commmities and subdivisions, however, such a conven-
tional collection and treatment facility is impractical because of the
financial burden it places on the residents or developer. This is
largely due to the high cost of collecting wastewster from sach home ar
business. Smith and Eilers {24) computed the 1968 nationsl average of
total annual costs of municipal wastewater collection and treatmeﬁt
facilities which showed that 63 Dercent of the total annual cost is for
amortizaticn and maintenance of the collectian system. A mors recent

study oy Sloggett and Badger (23) of 16 small communities in Oklahoma




showed a similar distribution. (See Table I) It is clear from this
breakdown of the total annuel costs that the collection system is the most
expensive component of any system,

-TABLE I. Distribution of Total Annual Costs for

Municipal Wastewater Collectiocn and
Treatment Facilities

Amortization Cost Current Expenses

Operation & Mﬁintenance Overhead Total

Collection Treatment Collection Treatment

Smith & Filers

(1968} (24) 60.3% 15.3% 4.7% 8.47 11.3% 100.0%

Sloggett %

Badger (23) -— T2.6% - 14,29 3.2% 10.0% 100.0%
(lagoons)

In small communities homes are typically scattered, which cause the
: 4

costs of sewering to rise dramatically. In their study of 16 wastewater
eollection and treatmeqp systems in Oklahoma, Sloggett and Badger (23)
showed that the costs per customer rise as the number and density of
customers declines. Construction costs per customer were compared %o the
density and number of customers served. (See Tables IT and ITI) Both
factors were shown to have a significant effect but the density of cus-
tomers was shown to have the largest impact on per capita construction
costs. In smaller communities where homes tend to be more scettered
this cost can become excessive. Costs can reach 3$800C rer househcld for
the capitel portion alone and msy be even higher if treatment beyond
secondary is required to meet water quelity standards. It is not unu-

sunl for the cost of the complete system to approach the total equalizeqd

value of the community (15).
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TABLE II. Cost of Construction per Customer Relative to
Density of Customers for 16 Cormunity Wastewater
Facilities in Oklahoma (23)

Customers per Mile of Sewer
Under 3¢ 30-39 L40-49  Qver S50

Number of Systems 5 5 1 3
Average Cost/Customer (1372 dollars) $1,100 $8L47 3696 $575
Average Mumber of Customers 96 119 310 256

TABLE ITI. Cost of Construction per Customer Relative
to Number of Customers for 16 Community
Wastewater Facilities in Oklahoma (23)

Number of Customers Served
Under 100 100-199 200-299 300-400

Number of Systems 6 4 3 3

Average Cost/Customer (1972 dollars) 31,000 3798 $55L Sk
F]

Customers/Mile of Sewer 28.3 37.8 hg. L 55.2

To help commumities meet the water quality goels of the Federal
Water Pollutiop Control Act Amendments of 1972, the federal government
was authorized by a provision in the Act to provide grants in aid of
construction for 757 of the grant eligible portions of the wastewater
facility. The availability of these grants would help offset the high
per capita éosts in small coemmunities but, uwnfertunately, small communi-
ties have difficulty in obtaining them.

Thé federal funds are allocated to the indifidual states on the
.basis of need, but each state is given the power to determine how the
funds are to be spent. Only minimum requirements are set out by the Act
for states to follow in preparing a priority list of projects. For

example, the Act requires that consideration be given to the severity of



the pollution problem, the populatioﬁ affected, the need for preservation
of high quality waters and national priorities. The federal regulations
seem to give the states some discretion by not requiring strict adherence
to their rankings of pollution discharges. Thus, the priority lists
usually work to the disadvantage of small comrmnities, in that many of
them are near the bottom, preceded by communities with larger populations
and larger pollution discharges. This emphasis denies small communities
any expectation of receiviné badly needed funding for public facilities
in the near future. It is obvious from this discussion that it is im-
practical to expect many small communities to construct conventional
public wastewater facilities to eliminate failing private systems.

Central sewerage is alsc very costly for subdivisions. Because of
the large front end cost of installing conventional gravity sewers with
no immediate return developers prefer to utiliég private septic tank
_systems to dispose of the wastewater. In older subdivisions, septic tank
systems were often installed in unsuitable soils or constructed improperly,
resulting in mass failures. The only solution has been to extend inter-
ceptor sewers to the subdivision from the nearby municipality.

This becomes a very costly propesition in several ways. The lack
of an alternative forces the developer to subdivide land with relatively
good solls. Not only does this often remove good agricultural land from
‘production, but it also results in scattered development about a metro-
politan center. The development will increase the tax base of the local
government but the scattered development alsec increases the costs of
providing other cormumnity services, such as roads, police and fire

protection and other utilities. If septic tank system failure requires
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eventual extension of municipal sewerage for the outlying subdivisions it
becomes extremely costly, and alsc may be undesirable in some cases
because of the strip growth that often cccurs aleng the interceptor
routes. The result may be a net economic and environmental loss to the
community.

The need for a cost-effactive yet viable alternative is certainly
indicated. Regulatory officials and engineers are realizing that if the
goals of the Federal Water Pollution Control Act are to be met more
practical facilities must be developed for small communities and subdi-

vigions.

NON-CENTRAL FACILITIES AS AN ALTERNATIVE

A "non-central" facility of several treatm?nt and dispesal systems
sefving isolated individual residences or clusters of residences mey
offer a less costly alternative to the conventional central facility in
the non-urban setting. As Table T indicates approximately two-thirds
of the total annual cost of a conventional facility is due to the col-
lection system. In a community of scattered homes this propqrtionate
cost could be even higher. If the central treatment plant could be
eliminated, long sewer extensiocns collecting westes from widely spaced
homes would not be necessary. Instead, treatment and disposal could be
provided where the wastes are generated. Individual or jointly used
septic fank gystems or other treatment and disposal methods could be
used. Such a non—centfal facility of disperse systems could result in
a substantial savings.

The implementation of a non-central facility swould not exclude the

use of centrzl management, which is an extremely attractive factor of




conventional community facilities. Though a relatively untried concept,
central management of a non-central facility could be employed. TIn fact,
central management would be crucial to its proper functioning.

The non-central facility offers several advantages over the central
sewerage approach:

l. Existing functional septic tank-soil abscrpticn systems can be
utilized rather than providing new service. O0Often, homeowners who are
not having trouble or who have recently installed new septic tank systems
do not wish teo support community action that will cost them mcore money
unnecessarily. Incorporating existing systems into the public system
minimizes this cpposition, as well as reducing the total coest of the
public facility.

2. Isolated single homes and clusters of homes can be served indi-
vidually instead of extending costly sewer lin;s out to them. This could
be equally advantagecus to existing communities, &s well as newly platted
subdivisions. Where future growth is not expected to be great enough to
warrant sewer extensions, individual septic tank systems could be used.
In cases where substantial growth is expected, such as in newly platted
subdivisions, the first few homes built could be served by holding tanks
which would be'pumped and maintained by the management entity. When the
number of homeg increased to the point where a common disposal system is
warranted, it could be built on land reserved for that purpese. This
would deley construction until the time there are enough contributors
available to pay for it.

3. less costly treatment facilities can usuelly be constructed.

In addition, subsurface disposal can often be employed which requires
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minimﬁl treatment and avoids the necessity of upgrading the treatment
pPlant to meet chenging standards for effluent discharges to surface waters.
Where subsurface disposal is not possible the smaller flows may alloﬁ other
gimple treatment methods to be used. 1In gddition, by limiting the area
served the necessary excess capaciﬁy required for future growth is
accurately known providing a more optimal design.

L. A more cost-effective facility may encourage smaller communities
to proceed with construction rather than waiting for federal construction
grants. This would speed abatement of water pollution problems. Where
finaneial eids are necessary, a graater number of community facilities
could receive construction grants because of the fewer dollars required
for each project.

5. More rationel planning of community growth is possible. Strip
growth, which is encouraged by the construction of interceptor sewers
used to collect wastes from outlying clusters of homes could be zveided.
Grow%h could be encoursged in ghé more-desirable areas by providing
public service in those areas oniy.

6. Non-central facilities are more ecolegically sound sinece the
disperse systems dispose of the wastes over wider areas. Through this
practice the environment is able to assimilate the waste discharge more
readily, which reduces the need for mechanical treatment and the asscciatad
energy consumption.

Q0f course, there are disadvantages tc non-central facilities which
nust be overcome if this alternative is to be successful:

1. Central mancgement of a facility of small disperse systems is a

fairly new and untried concept. Metheds of public ownership of systems




on private land, necessary for proper operation and maintenance, nust be
tested. Operation and maintenance costs also may be higher than for
conventional facilities because of its "non-central” nature. Due to the
lack of experience, other problems will arise, which may not be antici-
pated.

2. There 1s little public confidence in wastewater facilitiss tha
do not convey the wastewater from areas of hebitation; therefore, a non-
central facility may be unacceptable., TFailure of a conventional treat-
ment plant is easy to accept, since it is usually a safe distance from
any homes and does not disrupt the household routine. However, if failure
of a treatment and disposal system within a non-central facility occurs,
repairs must be made immediately.

3. Provision for the community's future growth is more difficult.
A small reserve capacity can be built into each‘system vhich serves an
ares with scome undeveloped lots, but if a landcwner wishes to build
where public service is not yet available, 2 decision must be made as to
whether service should be provided. Since providing public service tc
single homes one at & time can be costly, a choice must be made betwesn
constructing individual systems, providing holding tank service until
more homes are built in the area, or immediately constructing a larger
Joint system to handle anticipeted growth.

L. By present guidelines many components of a non-central facility
may not be eligible for grants in aid of construction, which ars available
through various federal and state financial aid programs. This would have

the effect of increasing the cost to each customer served in comparison to

centrael sewerage, even though the total costs may be less.
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In general, the potential of non-central facilities seem to warrant
further investigation. Many of the pessible shortcomings of this alter-

nate facility may vanish as some are constructed and experience gained.

COLLECTION AND TREATMENT ALTERNATIVES FOR KOU-CENTRAL SYSTRMS

Proper facilities planning involves a systematic éomparisou of
alternative methods of dealing with a wastewater treatment and disposal
problem. The purpose of this comparison is to identify the most "cost-
effective" solution which will minimize total casts to society over time.
These costs include monetary and environmental, as well as other non—
monetary costs.

The commitment by repulatory agencies and engineers to conventional
gravity sewvers with a ccmmon central treatment plant, however, has

4

eliminated many worthy alternatives from consideration. If this bias can
be changed, the utilization of the nen-central concept has the potential
of zignificantly reducing the environmental and monetary costs of waste-
water facilities in many communities by either reducing the size or
eliminating the collection system altosether and by simplifying the
Lreantment facility.

The most extreme non-central system would be one where each home znd
cther ectablishment were served by its own individual sephic “ank syshen.
However, the most cost-efloctive community system will usually lie some-

xtremes of central sewerage and individual systems.

2

where between the two
Eilther because of eccnomizs of scale or because site conditions are

unfavorable for individusl disposal systems, loint systems serving several
homes may be constructed. The end result may be a mix of several individ-

ual and joint systems.
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Collection Alternatives

The single most expensive portieon of central sewerage is the gravity
collection system, yet alternatives to it are rarely evaluated. Three

interesting alternatives might be employed.

Small Diameter Gravity Sewers: To take sdvantage of economies of

scale or to avoid adverse sites, a nearby area might be available for
construction of a Joint system. In such cases, gravity sewers can be
used to colleet and convey the wastes to the disposal site. To reduce
the costs of conventional gravity sewers, small diameter {b=inch) pipe
offers an alternative if septic tank effluents rather than raw wastes are
collected. The collection.mains are Joined by a tjpical gravity house
connection coming from a septic tank or, in these instances where the
elevation of a property would make it difficultsto be served by a
pravity system without a large cut, the building would be provided with
a pump located in a chamber immediately following the septic tank to
elevate the effluent in to the system.

" The individual septic tanks weuld provide partial treatment of the
wvastewater by removing the larger sclids te allow the use of smaller
diameter pipe for ccllection. Since sand and other grit also Vould be
removed in the septic tank, normal cleansing velocities in the mains ne=ad
not be maintained. The L-inch diameter mnins are installed at a minimum
gradient of 0.67 percent, based on a minimum velocity of 1.5 feet per
second at half pipe capacity (2%). Under these conditions a lY-inch
diameter pipe can carry over 2000 gph sufficient to serve 670 persons,
assuning a peak flow of 3 gph.per person {22). Regular flushing %o

provide cleansing velocities (greater than 2.5 feet per second) can be



provided if necessary by ccllecting and pumping the effluent from several
homes a* the upstream end of each main for periedic surcharging. This
type of collection system has been used extensively in South Australis

since 1962 without surcharging with very good results (25).

Pressure Sewers: Where topography or soil conditions make Zravity

Sewers costly, pressure sewers may be more aconcmical. Pressure sewers
have been tried in several places and have performed favorably (S, T, 3).
This system consists of a septic tank at each building or cluster of
buildings to remove the lerge solids from the wastewater followed by a
pump chamber with a small submersible pump %o pump the settled effluent
from the septic tank into a small diémetér plastic main. {A grinder pump
can be uzed to grind and pump the raw waste rather then using a septic
tank.) Construction costs are reduced because t;e pipe need not be lzid
at a specific grade but can follow the contour of the land with the main
being located Just beiow the frost line. This permits the use of =
simple trenching mechine and eliminates deep cuts, often necessary for
gravity sewers.

Flexibility for growth is good since the smallest pipe size used can
accommodate up to 20 homes before a larger main is necessary. Further

pipe size increases are necessary only by 30 dwelling increments (5).

Such a system can easily be designed to handle nominal growth.

Vacuum Sewers: In temperate regions where soils are shallow, vecuum

sewers offer snother alternative. They provide meny of the advantages of

Pressure sewvers,
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Treatment and Disposal Alternatives

The degree and method of wastewater treaiment depends upon the con-
straints of the receifing environment. In large municipal systems the
volume of wastewater collected usually requires that a stream or river
be used as the receiving environment. To protect the water quality,
secondary or higher degsrees of treatment are necessary. In addition,
mechanically intensive treatment methods must be employed because large
land areas are offten unavailable. Thus, treatment and disposal alternna-
tives for larger municipalities are limited and costly.

In small communities uning non-central facilities, however, simpler
and less costly treatment and disposal methods can be employed. ©Smaller
volumes of wastewater permit a wider choice of disposal methods which may
require only minimal treatment. Rather than discharging to a surface

4

vody of weter, land disposal or evapotranspiration may be & more cost-

effective alternative.

Land Disposal Alternatives: Land disposal becomes a particularly
attfactive alternative in rural areas where land is more likely to be
avallable. The soll is an effective treatment and disposal media which
should be utilized whenever possible. OCne type of system readily adaptable
to non-central facilities is the septic tank-soil abscrption field. This
system can be designed to dispose of wastes from single homes or large
clusters of homes. Unfortunately, these systems are usually considered
only as an interim method of treatment and disposal until sewers are
availeble (9). This is because septic tank systems have not been under-
stood-and therafore, have been improperly designed, installed and main-

tained. fThus, many failures have resulted which has created & lack of

confidence in their reliability.



=1h-

Recently, however, practical design criteria and installation
procedures have been developed for soil absorption systems (L, 10}.
If followed, septic tank systems can be expected to last 20 yYears or more
under many soil conditions. If used under the rubric of central manage-
ment, fhese systems should be seriously considered as a realistic alter-
native.

Qther systems, éuch as spray or ridge and furrow irrigation and
infiltration-percolaticn ponds, alsc utilize the soil for treatment and
disposal. These may be viable alternatives to congider depending on

climate, yearly distribution of wastewater flow, ete,

Surface Water Discharge: Where soils are unsuitable or sufficient

land is unavailable, it is necessary to use other metheds of disposal.

4
As an alternative, surface waters may be uced as the receivineg environ-
ment. This often requires that higher levels af treatment be nrovided
prior to wastewater discharge. Intermitten® sand filters, a2 method of
treatment which was abandcned because of its requirement for large land
areas, offer an alternative to package plants or lagoons. In non-
central systems sand filtration becomes viable because of its simplicity
and reliability. The smaller wastewater flows to be treated ané higher
loading rates reduce the required land are=z. High quality effluents low

in biochemical oxygen demand and suspended solids can thus be produced

with a minimum of maintenance (20, 21).

Evapctranspiration: In climates where evapeotranspiration exceeds

precipitation, evapotranspiration brovides another disposal alternative,
If land is available but is unsuitable for soil absorption, this alterna-

tive which has low treatment requirements may be more cost-effective than




discharging to surface bodies of watef where high degrees of treatment

are necessary.

Other: To reduce the size and cost of any treatment and disposal
facility, chosen waste segregation and water conservation may be built
into the system. Water ctonservation can reduce the totsl volume of waste
to be disposed of while separate handling of toilet and grey water wastesg
may simplify treatment.

It may be that after consideration of these and other alternatives
central sewerage is the best solution. Generally speaking, however, most
small communities can make use of cne or a~ ccmbination of alternative
systems that may be a mix of individual and joint systems all under
public ownership to provide the most cost-effestive facility. Public
ownership would make many components of each system within the facility
eligible for construction grants and provide proper and reliable main-

tenance needed for long life systéms,

WESTBORO, WISCONSIN CASE STUDY

Few viable alternatives for small communities and subdivisions have
ever been tried nor have there been incentives to do so. However, with
the emphasis for ¢leaning up our nati&n's waterways moving from large
nunicipalities to small cormunities, it is being reaslized that conven-
tional selutions are too costly and may not be practical. This has
caused the search for alternatives by several communities including
Westboro, Wisconsin (16, 17), Giide, Oregon {11) and Fountain Run,
Kentucky (18). The Glide Oregon and Fountain Run, Kentucky plans are

discussed elsewhere at this conference (1, &),
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Deseription of Westboro

Westboro, Wisconsin is typical of hundreds of small rural communities
in the Midwest that are in need of improved wastewater treatment and
disposal facilities but are unable to afford cenventional sewergge. West-
boro was established as o permanent northern Wisconsin community in the
late 1850's as a result of the lumber industry (Figures 1 & 2). By 1900
the population had grown to about 900, but with the decline of tﬁe lumber
industry the population also declined. The present popwlaticn is
approximately 200 persons. A smell machine tool company and a sawmill
employing & total of 5 to 10 pecple remain in town.

The community of Westboro has no municipal wastewater collection or
treatmwent facility. There are 9L buildings located in the community, of
which 69 are occupied, including a school, four churches and seversl
commercial esteblishments. All are served by privaterwastewater disposal
systems., A 1971 survey by the Wisconsin Department of Natural Resources
(DNR) showed that B8C% of the septic tank systems were discharging wastes
above ground. Many of the systems were found tc be interconnected by
common drains discharging directly into Silver Creek which flows throush
town. This situation was declared a nuisance and a menace to health and
comfors, as well as the public rights in the Upper Chippewsa River 3Basin.
Consequently, DNR issued an order to Westhoro to stop a2ll private homes
from discharging wastes into Silver Creek, either by upgrading all

feiling septic tank systems or constructing public wastewater facilities.

Provnosed Central Sewerace

The soils and lot sizes prevent the replacement of most of the

failing septie tank systems on an individual basis {Figure 3} so a public
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facility was determined to bhe necessary. The comunity formed a sanitary
district, "Sanitary District No. 1 of the Town of Westbors" (Figure 2)
and in 1967 contracted with an engineering firm to complete a facilities
plan to ebate the water pecllution problem. The firm investigated two
alternatives, (1) gravity collection to an extended zeration package
treatment plant and (2) gravity collecticn o a two cell lagoon. Both
plans served only 60 of the 69 occupied buildings. Homes to the north
of town near Appalocsa Lane and those east of Silver Creek in Queeanstown
were not included. (See Figures 4 & 5) Construction costs updated in
1976 were $135,700 for the collection system fequired for hoth alterna-
tives, $115,650 for the package plant with a required 30-day effluent
holding pond and $175,925 for the stabilization lagoon (16). Total
construction costs of these facilities, therefore, are estimatea to he
$251,350 for Alternate 1 and $311,625 for Alternate 2, iﬁcluding engineering
and contingencies (16).

The Westboro Sanitary District applied for Federsl EPA grants in aid
of constructicn, but their priority for receiving funding is very low.
As of February 1976, Westboro was 318 on the list of 420 to receive 75
percent of eligible costs of construction of the treatment plant and
interceptors and 398 to receive similar funding for the sewers. This
virtually rules out the possibility of obtaining a community facility

for several years {13).

Alternative Hon-Central Focilities Evaluated.

Having a sincere interest in abating their problem the residents of
the Westboro Sanitary District agreed to cooperate with the Small Scale

Waste Management Project at the University of Wisconsin to develop an
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alternate\plan which might be a more ‘cost-effective facility. The objlec-~
tives of the project were to evaluate the use of'severalrsmall treatment
and disposal systems placed in strategic locations within the cormunity

to serve individual homes or clusters of hémes, but under central manage-
ment, to compare total costs of alternate plans to the proposed conventional
faéility, and to determine the best method for management of such alternate
facilities.

Since the collection sewers represented approximately helf of the
total construction costs in the conventional plans an effort was first
made to reduce the size of the collection system. The community was
divided into natural groupings of buildinge for the consideration of
various alternatives. Five groupings were made: ({1} Front Street area,
a2xtending from Siivef Creek north to the cemetary and from Second Street

+
to the railroad tracks, (2) Crossman's Addition, including the area west
of Second Street and the scheol, {3) Joseph's Addition, (4) Queenstown
and (5) Appaloosa Lene, including the scattered houses north of the
Front Street area (Figure 6). Each area was considered separately and in
combination with adjacent areas to develop the most cost-effective system.

Ccllection systems were considersd to be the best alternatives for
the Front Street aree which includes the business district. This area
is primarily divided into small 150' x 50' lots. Most of the laots are
developed leaving little area to construct new individual septic tank
systems. Joseph's Addition is a lew lying area with poorly drained soils.
Individual mound systems could be installed but a common system would be
more cost-effective. A similar condition cccurs in Grossman's Additicn

area where individual systems could be installed but because of the

density of homes, a common system offers the greatest advantage.
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Several alternatives were considered for these areas. Because of
the limited disposal-sites available, it was appropriate to combine the
Front Street and Joseph's Addition areas, with disposal to an extensive
sand bench alcng Silver Creek east of town. Both pressure and small
diameter gravity sewers colliecting septic tank effluents were evalumted
for these combined areas. In Grossman's Addition, four alternatives were
evaluated. Because of topography, collection by small diameter gravity
sewers to a4 point southwest of the school is well suited for this area.
Disposal alternatives considered were soil absorption, sand filtratiom
with chiorination before discharge to Silver Creek and pumping tc the
Front Street and Joseph's Additicn gravity system. The fourth alterna-
tive was a pressure ccllection system, also combined with the Front Street
and Joseph's Addition pressure system.

4

The remaining Appalcosa Lane and Queenstown areas are too sparcely
developed to warrant collection systems. At present, individual systems
seem to be the best alternative. TFarm land with soils suitable for
either a conventional or mound disposal system exist.

In summary, the non-central slternatives evaluated were {16):

Alternate 1
Part A: Grossﬁan's-Addition ~ Small diameter gravity severs dis-
charging to a soil absorption field west of the school (design load
of 10,000 gpd).
Part B: Front Street and Joseph's Addition - Small diameter gravi-
ty sewers discharging to a soil absorption field northeast of

Joseph's Addition (design lcad of 20,000 gpd).
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Alternate 2
Part At Grossman's Addition - Small diameter gravity sewers dig-
charging to a soil sbsorption field west of school {design load of
10,000 gpd).
Part B: TFront Street and Joseph's Addition - Pressure sawer dis-
charging to a soil absorption field northeast of Joseph's Addition
(design load of 20,000 gpd).

Alternate 3 (Figure 7)
Part A: Crossman's Addition - Small diameter gravity sewers dis-
charging to intermittent sand filters west of the school with chlo-
rine disinfection before disposal into Silver Creek downstrgam from
the comunity (design load of 10,000 gpd).
Fart B: TFrent Street and Joseph's Additioﬁ.— Small dismeter gravity
sewers discharging to a scil absorption field nrotheast of Joseph's
Additicn (design load of 20,000 gpd) .

Alternate 4 (Figure 8)
Part A: OGrossman's Addition - Small diameter gravity sewers dis-
charging onte intermittent sand filters west of the échool with
chlorine disinfection before disposal into Silver Creek downstream
from the community (design load 10,000 gpd).
Part 3: Front Street and Joseph's Addition - Pressure sewers dis-
charging te a scil absorption field northeast of Joseph's Addition
(design load of 20,000 gpd).

Alternate 5 (Figure 9)
Small diameter gravity sewers serving all areas to a soil abscorption

field northeast of Joseph's Addition (design load of 30,000 gpd).
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Alternate 6 (Figure 10) .
Pressure sewers serving all areas discharging to a soil absorption

field northeast of Joseph's Addition (design load of 30,000 gpd).

Facility Selection

Final selection of cne alternative over several others devended on
three criteria: environmental impact, total-cost and system reliabilitv.
The flrst two are obvious, since it is the goal of the engineer to design
a facility which will protect the environment for the lesst cost. Judg-
ments must be made as to whether additional environmental protection |
warrants added facility costs but much of this can be decided objectively.
System reliability is less objective, hovever, and is influenced by the
engineer's past experience. It is often more = confidence factor, which
will eliminate scome alternstives from considerayion because they are not
felt to be viable. This factor is what usually eliminates septic tenk
systems from consideration. ZEach of these must be weighed in the final
selection,

The "Non-Central" Alternate #5 was selected as the best facility
after weighing each criterium, though some assumptions made in the anal-
ysis must be proven through experience. This facility is & system of
small diameter gravify sewers with final effluent disposal in = single
'50il absorpticn fleld {Figure Q). Pretreatment would be provided by
individuul.septic tanks nb each home. The effluent is conveyed to a
conventional soil absorption field which is divided into 3 beds providing
L.> times the estimated area necessary for absorvticn. Two beds would
be in_use at all times. The third would be alternated into use on a

regular basis. This arrangement permits a bed to rejuvenate by "resting'
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and provides a stand-by unit. Homes ocutside the collection system would
be served by individual septic tank systems.

This facility appears %o be the least costly and more envifonmentally
sound than the other slternatives evaluated. The reliability of this
type of fecility has not been established, however, but its selection is
werrenied becazuse it is designed from extensive experience with smaller
systems. In addition, its cost and environmental impact are a significant
improvement over the conventional central facilities.

Ccst comparisons between all alternates vere made using present
‘worth analysis. Present worth is equal to the initial cost plus the
amount of money which must be invested at the present time to cover the
costs of cperation and maintenance over the life of the system. A life-
fhne of 20 years with an annual interest rate o% T percent was usedﬁin
these computatioﬁs: A summary of the estimated present worth of each
alternate is presented in Table IV.

To make a fair comparison of costs, the conventional central faci-
lity alternates were redesigned to conform with present regulétions and
site conditicons. Private individual system construction estimates were
alsc included for those homes not served by the conventional altermates.
While the cost of replacing these septic tank systems would not bhe borne
by the District in the case of the conventional system their inclusion
provides a fairer comparison between the "Central” and "Non-Central"
alternates. Hookup costs are also included, for Alternates 1 and 2.
They are estimated to be 3450 per service connection. Hookup costs for
the "Non-Centrel” alternates are included in the construction cests.

"Non-Central Alternate #5 is estimated to be the least costly of

all the alternatives evaluated. The present worth of Alternate #5 is




—23-

TABLE IV. Summary of Present Worth Costs
of Alternate Facilities (16)

"CENTRAL" SYSTEM ALTERNATE #1
Extended Aeraticn Treatment Plant

Collection $136,295.00
Tregtment 170,065.17
Hookup 31,050.00

Individual Systems 11,976.23
$349,386.40

"CENTRAL" SYSTEM ALTERNATE #2

Raw Sewage Stabilization Pond

Collection - $136,295.00
Treatment 185,528.00
Hookup 31,050.00

Individual Systems - 11,976.23
$38L4,849,23

"NON-CENTRAL" SYSTEM ALTERNATE #1

Part A: Grossman's Add. - §.D. Gravity Sewers
to Soil Absorption

Part B: Front St. & Joseph's Add. - S.D.
Gravity Sewers to Soil Absorption

Part A - $12L, 454 .64
Part B 145,229.00
Individual Systems 11,976.23
$281,659.87

"NON~-CENTRAL" SYSTEM ALTERNATE #2

Part A: Grossman's Add. - S.D. Gravity Sewers
to Soil Absorption

Part B: Front St. & Joseph's Add. - Press.
Sewers to 3oil Absorpition

Part A 3124, k5L .6k
Part B 185,308.00

Individusl Systems 11,976.23
$321,738.87

"NCN-CENTRAL" SYSTEM ALTERNATE #3

Part A: CGrossman's Add. - 3.D. Gravity Sewers
to Sand Filters

Part B: Front St. & Joseph's Add. - S.D,
Grevity Sewers to Soil Absorption

Part A $148,038.00

Part B 145,229.00

Individusl Systems 11,976.23
$305,2%3.23
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"NON-CENTRAL" SYSTEM ALTERNATE #L

Part A: Grossman's Add. - $5.D. Gravity Sewers

to Sand Filters
Part B: Front St. & Joseph's Add. - Press.
Sewers to Soill Absorption

Part A $148,038.00
Part B 185,308.00
Individual Systems 112976-23

"NON-CENTRAL" SYSTEM ALTERNATE #5
Total Gravity Sewers to Soil Absorption

Joint System $25h4 b0, O
Individual Systems 11,976.23

"NON-CENTRAL" SYSTEM ALTERNATE #6
Total Pressure Sewers to Soil Absorpticn

Joint System sook,154.00
Individual Systems 11,976.23

+

$345,322.23

$266,416.23

$306,130.23
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$266,416 or approximately $3861 per héusehold, as compared to $349,386
or $5063 per household and $384,849 or $5578 per household for the
"Central" Alternates #1 and #2 respectively. Thus, the non-central
system results in a 25 to 30 percent savings per connection over the
conventional facilities.

The envircnmental impact of "Non-Central" Alternate #5 should be
minimal., Only nitrogen in the form of nitrate is expected fto leach
through the soil to the groundwater in amounts that may be significant.
With the field's location near Silver Creek much of the nitrate will
probably flow into Silver Creek increasing its nitrogen content. Phos-
phorus, however, will have been removed through adsorption and precipi-
tation reactions in the soil {3). Pathogenic bacteria and viruses should

also be removed (12, 14). This method of disposal is superior to direct
. 4

discharge of treated effluent into Silver Creek because such effiuents

contain phosphorus and pathogenic organisms end viruses, as well as

nitroegen.

Institutional Arrangements

To properly manage its non-central system, the Westboro Town Sanitary
District must regulate all individual and jointly used on-site disposal
systems operating within its boundaries. While no Town Sanitary District
has sttempted this in Wisconsin, it is within their power to do so (16,
17). Briefly, advantages would arise because the District would be able
to better perform the following functions;

1. Design and construct sanitary facilities for existing and future

atructures.
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2, Identify and obtain rights to land with suitable soils for
disposal areas setting aside sufficient arens for tuture growth.

3. Qperate and maintain all individual and Jjoint systems within
the Distriet, including pumping of all septiec tanks.

L. Monitor groundwater and surface water quality to detect failing
systema.

5. Repair or recoastruct any failing syétems.

€. Establish a fair assessment a2nd rate structure for subscribers
te pay for cost of services.

7. Apply for grants in aid of construction for portions of the

sanitary facilities that the District will own.

Access to Private Property: Many of the fhcility components of the

recommended non-central facility, such as septic tarks and efflusnt pumps
will be located on private property. Since regular maintenance of these
components is necessary for proper functioning of the facility, permanent
legal access to the properties must be obtained for purposes of instal-
lation, operation and maintenance. These easements zre required prior
to construction. In most cases, however, the exact leocation of the
existing sentic tank is unkncown. Therefore, a general easement tied to
the locaticn of ths septic tank rather than the properiy line is proposed
{16). Easements must n2lso be obtained for any collection sewers of joint
aystems which cross private property.

It is hoped thet the necessary easements can be acquirad voluntarily
frem the property owners. Since all properiy owners within the district
will be assessed for the cost of the facility, whether they use the feei-

1ity or not, the owners might be encouraged to grant the required ease-
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ments. Another factor which might serve to encourage the property owners
to grant easements is the risk of prosecution by the county or state
against the continuing use of their failing sehtic tank system. If the
property owner fails to grant the easements veluntarily, however, the
District could condemn such easements through eminent domain proceedings.
This alternative, of coﬁrse, is undesirable. The success of the non-

central system depends on a strong "community effort.”

Subseriber's Responsibilities: The District will be responsible for

the operation and meaintenance of all components of the facility located
on private land commencing from the inlet of the septic tank. The
property owner's only responsibility will be to provide and maintain the
lateral drain from his home or establishment to the septic tank and any
power costs associated with lifting his effluent into the collection

sewer or absorption field, if necessary.

Financing of Pronosed Plan

Since Westboro's priority for Federal EPA construction grants is
very low, other sources of funding were sousht for constructicn of the
proposed facility. Tentative commitments were obtained from the Wisconsin
Department of Natural Resources and the USDA Farmer's Home Administration
{FmHA) for grants totaling approximately 50 per?ent of the construction
costs. The remainder of the construction fimds would be provided by a
FmHA 4 percent, 40 year loan.

Special easements and monthly charges will have to be determined by
the commissicners of the Sanitary District. However, to estimate their
grant contridbution, FmHA assumed a monthly charge of $8 per residence,

$15 per commercial establishment and $1240 for the school and a O.00L
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sanitary levy which would be sufficient to retire the debt and cover
costs for operation and maintenance. Special assessments of $200 per
residence, $300 per commercial establishment and $1500 to the school
would be the remaining contribution made by the community.

Since those residents who recently constructed new septic tank
systems would be reluctant to Join the system, credit would be extended
to them depending on the age and condition of their septic tank. In most
cases the septic tank would be suitable for use by the community system,
thereby saving the district the cost of a septic tank. This savings wili
be returned to the owner in an inverse proportion to the age of the fank.

Hew subscribers Joining the system after construction of the facility
should be expected to pay a larger assessment. A formula might be worked
out whereby new reisdents wculd pay all costf of hooking to the collecticn
séwer and their share of the absorption field. This is a decision which
will have to be made by the district commigsicners.

While the costs are within the financial capabilities of the commu-
nity, the financial grants are not as large as hoped. Blases in funding
guidelines prevent agencies from providing more despite the fact that
Westhero made efforts to construct a more cost-effective facility. The
INR grant from funds provided by the State of Wisconsin i3 limited to
25 percent of construction costs of grant eligible items. Any portion
of the system located on private properiy, whether or not permanent ease-
ments have been given, is not considered eligible., This is unfortunate,
since it disallows the septic tanks which provide partial treatment
necessary Lo permit the use of less costly sewers. The savings made by

INR due to the more cost-effective facility are not passed on to the
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community. Land purchase is also exéluded, though the soill becomes the
Tinal trestment facility in this plan.

The Farmers Home Administration does not distinguish between items
for eligibility but rather bases their grant contribution on what they
feel is the commumity's ability to pay. For the portion to be paid by
fhe community, a 5 percent, 40 year loan is offered. The amount of the
grant portion is determined by assuming a monthly charge and special
assegsment per residence and a sanitary tax levy according to the weglth
of the community. This inccme is used to retire the debt and pay for
operation and maintenance over the 20 year loan period. By back calcula-
ting, the amount of the grant is determined but it cannot exceed 50
Percent of the total construction costs.

Both of these policies do not provide much incentive for communities

N
to congtruct more cost-effective facilities. The guidelines for the DNR
grant program should be reevaluated to see whether or not vital pertions
of the system located on private property cannot be grant eligible if
permanent easements are obtained. If not, the community would be inclined
Lo construct as much of the system on publlec right of way as possible.
This could increase the cost to DNR and the taxpayer, but reduce the cost
fc the resident.

The FmHA policy provides little more incentive to construct less

costly systems. By back calculating from a basic menthly charge and

special assessment, the cost to the community residents changes little,
regardless of the cost of the facility. This policy must be made more i

Tlexible to credit communities willing to make an effort to reduce costs.
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Monitoring Program

Performance reliability of the proposed facility remains to be proven.
Public ownership and management of septic tanks located on each private
lot served is rather new. The success of smell diameter gravity sewers
depends upon proper maintenance of the'septic tanks. Further, the ef-
fects of a large soil absorption field en groundwater quality have not
been established. These items will be monitored by SSWMP for the next

three years, pending the availability of funding.

SUMMARY

The demand for iess costly wastewater facilities for smell comuni-
ties or fringe areas is increasing. Regulatory officials and engineers
are realizing that if the goals of the Federal Hater Pollution Comtrol
Act are to be met, more practical facilities must be developed for small
communities and subdivisions. Recent studies havg shown-that up to 25
to 50 percent savings can be realized in public waétewater facilities in
smell communities by using alternatives to conventiEnal sewerage (11,15,
183,

Though the results of tTese studies indicate thet significant savings
can be made by investigating other altarnatives to conventional sewersge
there are several deterraents to their widespread acceptance. Biases of
engineers, regulatory agencies and funding agencies fevor central gravity
sewers snd treatment plants. Probably one of the greatest deterrents to
the use of such facilities is technical knowledge and experience with the
performance of relatively untried techniques. Innovative designs take
mere time to prepare and have more risk associated with them. Since

engineering fees are usually based upon a percentage of the construction
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cogta, there is little incentive to be innovative. The engineer gets paid
less for doing more work and st a grester risk. Facilities like these
need to be constructed and rmonitored to gain familiarity with non-central
systems to increase their acceptance.

Regulatory agencies also favor conventional systems, due to confidence
and familiarity in tried and proven methods. TInnovative designs, therefore,
take more time to review. Thus, the engineer is more likely to design a
cotiventional facility that creates fewver stumbling blocks with the reviewing
agency.

Another deterrent to acceptance of such facilities is the question
of whether this type of plan would be eligible for federal znd local
construction grants. Certainly there is bias in favor of conventional
sewverage, because of pregsent component eligibility guidelines. Thus, while
a conventional facility may be more costly becaﬁse of its eligibility for
construction grants, it becomes less costly to the subseribers. This
bias is wasteful of tex dollars, as well as environmentally unsound, for
it encourages communities to delay abatement efforts until funding is
available,

Obviously, what is needed are additicnal planning studies of this
nature, working with several communities or subdivisions each having
diffefent characteristies. Such studies would provide a data base to
develop planning guidelines to determine the most cost-effective facility.
Construction of several fecilities would also increase experience with
system performance to gain aeceptance by engineers and the public. If
it can be demonstrated that non-central facilities are effective, regula-

tory agencies also may see the need for a change in policy.
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