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Private Sewage 
System Impacts 
in Wisconsin 
Implications for 
Planning and Policy 
Mark E. Hanson and Harvey M. Jacobs 

Rural and suburban development has been and 
will continue to depend heavily on the use of on- 
site private sewage systems. The exodus to rural 
settings combined with changing technologies for 
sewage disposal that reduce site limitations to 
development have raised a broad set of land use, 
infrastructure, and environmental concerns. In 
a study of development in Wisconsin, we found 
that the type of private on-site sewage system 
technology makes little or no difference in the 
extent of sprawl, conversion of agricultural and 
forested land, and the provision of public infra- 
structure. However, these new technologies 
make the use of traditional health-oriented land 
use regulatory policy increasingly ineffective for 
managing land use and environmental concerns. 

Hanson and Jacobs are assistant professors in the De- 
partment of Urban and Regional Planning and Insti- 
tute for Environmental Studies at the University of 
Wisconsin-Madison. Hanson’s research areas are energy 
and environmental policy, impact assessment, transpor- 
tation planning, and energy systems modeling. Jacobs’ 
research areas encompass techniques and issues in land 
use, environmental, and rural planning policy, including 
current work on environmental mediation and pro- 
gressive land use planning. 

Rural and urban-fringe growth in the United States 
has resulted in increased pressures on public services, 
concern over the threat to agricultural and environmen- 
tally sensitive land, conflicts between traditional and new 
residents, and a flurry of state and local public policy 
responses to manage the growth (Healy and Short 1979; 
Healy and Rosenberg 1979; Brown et al. 1981; Popper 
1981a; Dubbink 1984; Doherty 1984; DeGrove 1984). 
Rural and suburban development in the United States is 
dependent on the use of private on-site sewage system 
(PSS) technology. This will continue to be the case into 
the indefinite future. However, the technology itself is 
changing rapidly, as is the behavior associated with its 
use. New technologies, such as sand filters and mound 
systems, have been developed and are rapidly being 
adopted in areas that heretofore would not have per- 
mitted on-site sewage-based development. The installa- 
tion of these systems is raising important questions about 
related land use, environmental and fiscal impacts, and 
the scope and form of appropriate public policy. 

In 1980, after preparation of a major environmental 
impact statement @IS) (Wisconsin Department of Health 
and Social Services 1979), the State of Wisconsin initiated 
an interim program for the use of a new private sewage 
system technology in its rural areas, the on-site mound 
sewage system. The implementation of this program was 
surrounded by controversy, partly because of the recent 
substantial growth in the state’s rural areas and at its 
cities’ fringes. From 1970 to 1980, Wisconsin’s popula- 
tion increased by 288,000; 226,000 people settled in rural 
areas, 51,000 in rural and partly urban areas, and only 
11,000 in urban areas. Opponents to the use of mound 
systems, such as Wisconsin‘s Environmental Decade, a 
major environmental activist group, asserted at the time 
of the EIS that (1) mound system use would lead to in- 
creased rural development by “opening” lands for rural 
residential use that were unavailable with more conven- 
tional types of private, on-site systems because of site- 
based soil, slope, or water-table limitations; (2) in par- 
ticular, the use of mounds would lead to more rapid con- 
version of critical land resources, such as agricultural 
lands; (3) the availability of these technologies would 
facilitate an out-migration of persons from the state’s ur- 
ban areas, leaving an already substantial public invest- 
ment in infrastructure to be supported by those with the 
least ability to pay; and (4) the land development asso- 
ciated with these new technology sewage systems would 
lead to increased demands and development of public 
services (Wisconsin Department of Health and Social 
Services 1979). 

Supporters of mound system use, such as the Wisconsin 
Department of Industry, Labor, and Human Relations 
(DILHR) and land developers, held other assumptions 
about the impacts of this technology. They speculated 
that mound system use (1) would lead to more compact 
rural land use patterns by allowing for use of land cur- 
rently “skipped over” because of soil, slope, or water- 
table conditions unsuited to conventional on-site sewage 
system use; (2) would reduce pressures on the state’s 
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MARK E. HANSON AND HARVEY M. JACOBS 

prime agricultural lands by facilitating development of 
more marginal lands: and (3) would, in fact, reduce in- 
frastructure investment by eliminating the need for more 
expensive, urban-based public sewage systems. 

The interim program for use of mound sewage systems 
grew out of nearly a decade of research and development 
on the technology. This work was intended to facilitate 
consumer choice in the selection of rural land sites while 
allowing for environmentally sound land development 
(Tyler et al. 1980). The program’s implementation called 
for a permit system for the period 1980 to 1985, involving 
both county and statewide quotas on the number of these 
systems.’ During the 1985 Wisconsin legislative session, 
the interim program was extended for two years and the 
legislature mandated the preparation of a study on private 
sewage systems and their impacts on Wisconsin’s critical 
resources (Hanson, Jacobs, et al. 1986). This article re- 
ports aspects of the findings of that study-those relating 
to the land use, environmental, and infrastructure impacts 
of private sewage-system use in Wisconsin’s rural and 
suburban areas. 

The legislative directive for the study called for ex- 
amination of the impacts of a broad range of private sew- 
age systems, not just mound systems: this was based on 
the understanding that the impact of one particular type 
of technology could be assessed only in comparison with 
other existing and proposed alternatives. This feature of 
the study was particularly significant because the EIS 
had speculated that the marginal impact of mound sys- 
tems could be insignificant, since all types of land to 
which they could be applied could already be developed 
through the use of holding tanks, a permitted on-site 
sewage system alternative. 

Sewage System Technology and 
Research 

Before exploring the impacts of private sewagesystems 
and the policy debate, a brief description of the tech- 
nology is useful. The Wisconsin regulatory program ad- 
dresses three basic types of private on-site sewage sys- 
tems-conventional septic tank systems, mound systems, 
and holding tanks. Importantly, the program does not 
allow other technologies, such as sand filters, which are 
permitted in some states. Conventional systems handle 
sewage wastes by pretreating them in a septic tank where 
solids, scum, and liquids are separated. The solids and 
scum remain in the tank to be pumped out periodically. 
The liquids flow from the tank to a soil absorbtion field 
where they are distributed through a system of perforated 
pipes. Bacteria and oxygen in the soil help purify the 
liquid before it comes into contact with groundwater. 
Wisconsin regulations require at least 36 inches of ad- 
equate soil between the bottom of the system and high 
groundwater or bedrock and at least 56 inches of soil 
overall. Slopes must be less than 20 percent for the in- 
stallation of a conventional system. 

Mound systems are similar in concept to conventional 
systems, except that they are designed to be used in areas 

where there is some, but not enough, soil and/or too 
great a slope for the proper functioning of a conventional 
system. These systems are constructed above the ground 
level by mounding sand fill on top of the natural land 
surface. The liquid distribution pipes are placed on top 
of this sand fill and usually a subsoil material with topsoil 
is used to cover the system. Liquid wastes are pumped 
from the septic tank to the mound. 

Holding tanks are watertight, underground tanks, 
generally of steel or concrete, which hold sewage until 
it can be pumped from the tank and hauled away. With 
holding tanks there is no contact of the sewage with the 
land. Once the sewage is pumped it is then treated either 
in a wastewater treatment plant or it is landspread. Theo- 
retically, because they are watertight, holding tanks can 
be installed in any land conditions where it is physically 
possible to place a tank. 

It is well established that public sewage systems and 
other development infrastructure have significant impacts 
on land development patterns, critical resources, and the 
capacity of local governments to provide public services 
(Nelson and Duecker 1987; Leutwiler 1987: Kelley 1984; 
Tabors et al. 1976: Urban Systems Research and Engi- 
neering 1976: Real Estate Research Corporation 1974a, 
1974b; American Society of Planning Officials 1976). 
Public sewage system technology directly contributes to 
the conversion of urban and urban-fringe land for de- 
velopment by facilitating a cycle of change where high 
user charges for infrastructure investment together with 
increased market value for land act as an impetus for 
land conversion. However, much of the research cited 
above focused on public sewage systems and urban and 
urban-fringe land use. A similar range of studies is not 
available on the impacts of private sewage systems, rural 
infrastructure, and rural land use. 

The notable exception to this is the study prepared and 
reported by Popper (1 980,198 1 b). In that study, the sand 
filter and related alternative on-site sewage systems were 
examined for their impact on land development patterns. 
Capturing the flavor of both sides of the debate in Wis- 
consin in the late 1970s, Popper notes that the use of 
these technologies may have one of three impacts: (1) 
no impact, because of a downturn of rural residential 
development: (2) negative impact, because it will open 
up land previously undevelopable because of limitations 
of conventional sewage systems: or (3) beneficial impact, 
because it will allow for more efficient land use. Popper 
concluded that the apparent determining factor among 
these possible outcomes is the extent to which local and 
state governments assertively engaged in land use plan- 
ning and regulation. 

Research Method for the Wisconsin 
Study 

Because the impacts of PSSs have not been widely 
researched, it was necessary to begin our study by de- 
scribing the historical use of these systems and their im- 
pact. Describing the historical use of private sewage sys- 
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PRIVATE SEWAGE SYSTEM IMPACTS IN WISCONSIN 

tems in Wisconsin and their consequences posed a dif- 
ficult challenge. The difficulty centered on the lack of a 
well-organized, statewide database. The Wisconsin De- 
partment of Industry, Labor and Human Relations, the 
state regulatory body, had statewide data only for recent 
years, and even that data had not been computerized. 
Furthermore, surveys of users and county-level admin- 
istrators had not been undertaken. Finally, no systematic 
attempts had been made to assess the environmental, 
aesthetic, and land use impacts of the use of private sew- 
age systems. The literature shows that the lack of sys- 
tematic data on these subjects is not unique to Wisconsin, 
but is representative of the United States. 

In order to understand the trends occurring in the use 
of private sewage systems and to address the issues raised 
in the legislative directive, we collected five categories 
of data. These data and sources included (1) data from 
DILHR on the installation of new and replacement pri- 
vate sewage systems for the period 1982 to 1984, the 
period for which the agency had the most complete rec- 
ords; (2) a field survey of landscapelland development 
impacts of sewage systems installed from 1981 to 1985; 
(3) a mail survey of the users of systems installed from 
1981 to 1985 on their experiences and motivations; (4) 
a telephone survey of county sanitarians and planners on 
their regulatory experience and views on secondary land 
use and environmental impacts; and ( 5 )  digitized data 
from the Wisconsin Department of Natural Resources 
(DNR) on soil permeability, bedrock, and the water table 
to indicate areas of the state that presented constraints 
for private sewage system use. We supplemented the 
statewide data with an analysis of more detailed data for 
three towns, a comprehensive literature review of avail- 
able research on groundwater, and computer modeling 
of groundwater impacts under different soil and sewage 
system conditions. The sources of the study data and the 
uses of this information are summarized in Table 1. 

TABLE 1: Sources and uses of data 

Sources of data 

DILHR data 

Field survey 
sites per cwnty) 1981 -1 985 

Mail survey 
questionnaires per cwnty) 1981 -1 985 

Telephone survey-planners and sanitarians (22 counties) 
DNR data --bedrock, groundwater depth, and soil 

-private sewage system permits (72 counties) 

-private sewage system use (8 counties, 30 

-private sewage system users (6 countis. 60 

1982-1 984 

permeability (72 counties) 

Uses  of data 

Profile of private sewage systems use and users 
Determination of land use impacts 
Determination of environmental impacts 
Estimation of lifecyde cost of private sewage systems use 
Modeling of groundwater impacts 
Simulation of private sewage system use 

Counties Selected 

FIGURE 1 : Counties visited in the field survey. 

The DILHR data on permit applications were coded 
into a computer database. Although the data were in- 
complete for years prior to 1982, they provided an ac- 
curate description of private sewage system use since 
1982. 

The field survey was conducted to provide a basis for 
assessing the impacts of PSS on land development. Be- 
cause of the lack of careful definition and measurement 
of rural and suburban development patterns in the lit- 
erature, three types of nonsewered land development 
patterns were defined and subsequently measured: scat- 
tered, clustered, and infill development. Scattered de- 
velopment is removed from an urban area, with less than 
five contiguous dwelling units. Clustered development 
occurs in groups of five or more contiguous dwelling 
units removed from urban areas, and includes rural sub- 
divisions and linear lakeshore development. Both scat- 
tered and clustered development are representative of 
dispersed or sprawled land use. lnfirl development is ad- 
jacent to or within one-quarter mile of contiguous de- 
velopment in an urbanized area such as a city or village. 

Eight counties were chosen for intensive study of land 
settlement impacts (Figure 1). These counties were se- 
lected because they represented a cross section of con- 
ditions: urban and rural areas, areas with high and low 
numbers of second homes, areas experiencing different 
rates and types of rural land development pressures, and 
areas with soils suitable or unsuitable for conventional 
systems. A stratified random sample of 30 private sewage 
systems sites per county were visited for a total sample 
size of 240. The sample was stratified by the three prin- 
cipal forms of private sewage systems-conventional, 
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MARK E. HANSON AND HARVEY M. JACOBS 

alternative (mounds), and holding tanks, and was selected 
from those installed in the period 1981 to 1985. 

The mail survey was sent to a larger sample of users 
in six of the eight counties. The random sample was 
drawn from those individuals who obtained a permit to 
install a private sewage system during the period 1981 
to 1985 and was also stratified by private sewage system 
type-i.e., 60 questionnaires were mailed in each of the 
six counties, 20 for each system type (conventional, 
mound, and holding tank). Of the 360 questionnaires that 
were mailed, 180 were returned. From the original group, 
48 were returned as undeliverable due to incorrect ad- 
dresses in the state agency records and changes in prop- 
erty ownership. Among the remaining group of 3 12, the 
180 responses represent a corrected response rate of 58 
percent. 

We interviewed 31 planners and sanitarians by tele- 
phone in 22 counties, including those in the field and 
mail surveys. Prior to the interview, we had sent them 
the results of the field survey. We recorded their views 
and responses to the field survey. The Department of 
Natural Resources digitized database, although under 
development and uneven in quality, provided a helpful 
overview in the form of maps of resource-based con- 
straints on private sewage system use. 

The final part of the research methodology was a sim- 
ulation model for projecting future PSS use. We devel- 
oped a set of scenarios to gain insight into the implications 
of current trends and potential future changes in private 
sewage systems policy and use. The simulation model 
was a stock and flow type of model, i.e., it simulated the 
number of private sewage systems by type by accounting 
for additions, deletions, and changes. Future low and high 
residential construction levels were projected on the basis 
of the range of historical experience. Future levels of the 
use of conventional systems, mound systems, and holding 
tanks were projected at ten-year intervals to the year 
21 00 for low and high cases. The simulations accounted 
for replacements and conversions from failed systems. 
The value of developing these scenarios or futures lay in 
identifying major broad-brush trends and the impact of 
potential policy options on these trends. We describe the 
specific assumptions used in developing the futures in a 
subsequent section. 

A Profile of Private Sewage System Use 
and Users 

As of 1985 there were over one-half million private 
sewage systems in Wisconsin. This was an increase of 
over 55 percent since 1960. This substantial increase in 
private sewage systems took place in a period of relatively 
slow population growth statewide; it reflected substantial 
rural population growth and rural housing growth, es- 
pecially rural recreational housing. The vast majority of 
existing private sewage systems, 95 percent, are con- 
ventional systems: mounds comprise only 2 percent and 
holding tanks 3 percent of the total. This is not surprising. 
Holding tanks only came into use in the state in 1968, 

and mounds in 1975. Before that, conventional systems 
were installed on many sites now deemed unsuitable for 
them. 

In the period 1970 to 1985, permits for private sewage 
systems have varied from 11,000 to nearly 23,500 per 
year Figure 2), with the variation closely correlated with 
the swings in the national and regional home building 
market. Figure 2 displays records of permits for both new 
and replacement private sewage systems. It is estimated 
that in the 1970s nearly 80 percent of permits were issued 
for new systems; in recent years, permits for new systems 
have dropped to about 60 percent of total permits issued, 
with the remaining number of permits issued for replace- 
ment of existing systems. The gaps for 1977 through 1979 
in Figure 2 show places were data are missing from 
DILHR records. 

As Figure 2 indicates, mounds and holding tanks rep- 
resent a relatively small proportion of total private sew- 
age system permits issued. However, as both Figure 2 
and Figure 3 demonstrate, their proportion and absolute 
numbers have been rising dramatically. In 1985, con- 
ventional systems fell to 73 percent of total permits issued, 
while mounds were 1 1 percent and holding tanks 16 per- 
cent of total permits.’ 

The detailed patterns of system use varied widely by 
county, reflecting the differing soil, slope, watertable 
conditions, and development pressures throughout the 
state. While mound systems represent only 9 percent of 
new installations for the study period, in one county they 
were 39 percent of new installations, and in a total of 
seven counties they were at least 25 percent of new in- 
stallations. These counties have natural conditions that 
make on-site sewage disposal by conventional systems 
difficult. Likewise, while holding tanks make up 16 per- 
cent of total statewide installations for the period 1982 
to 1984, in eight of the seventy-two counties they are 
the most common form of system installed. 

The profile of private sewage system users installing 
systems for new development during the period 1981 to 

2 
0 :: 1968 1975 1980 1985 

Year 

Conventional A Mounds Holding tank n Total 

FIGURE 2: Private sewage systems permitted 
annually. 
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PRIVATE SEWAGE SYSTEM IMPACTS IN WISCONSIN 
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A Mounds *Holding lank 

FIGURE 3: Historical trends in mounds and 
holding tanks. 

1985 was distinctly different from the average Wisconsin 
household for the same period. Average 1985 household 
income for conventional system and holding tank users 
was over $33,000 and that for mound users was over 
$42,000, while average 1985 income for Wisconsin was 
approximately $26,000. The average household size was 
3.2 people, compared to a state mean of 2.7. This and 
other data from the mail survey indicated that PSS users 
are younger, more afluent households. This fact lends 
some support to the concern of mound system opponents 
that those with less ability to pay are being left to support 
public infrastructure in the urban areas of Wisconsin. 

Among all private sewage system users surveyed, the 
type of sewage system tended not to be a factor in the 
respondent’s decision to build in a particular location. 
Over two-thirds of survey respondents indicated that they 
were not particularly concerned with the type of system 
they were required to use. With one exception, this find- 
ing holds true across sewage system types; primary home 
owners may be avoiding use of holding tanks. As noted 
in Table 2, 49 percent of holding tanks were used for 
second homes. In contrast, conventional or mound sys- 
tems were used mostly for primary homes. 

The mail survey also showed that the cost of con- 
structing and maintaining a private sewage system tended 
not to be a factor in the choice of a property. The factors 
that were most important in the location decision were 
view of or access to the natural environment, rural set- 
ting, outdoor recreation opportunities, proximity to work, 

TABLE 2 Ownership patterns of private sewage 
systems. 198 1 - 1985 

COnVWltiOnal Mound Holding 
systems systems tanks 

(Oh) (Oh) (Oh) 

Primary homes 88 80 51 
second homes 12 20 49 

and the availability of family-owned land (Figure 4). In- 
terestingly, among the factors that were least important 
in site selection were concern over property tax burden 
and the cost of land. 

These survey results, along with results from earlier 
surveys in the state (Wisconsin Department of Admin- 
istration 1974; Wisconsin Department of Development 
1982), indicate several factors influencing the pattern and 
location of private sewage system use in Wisconsin. First, 
for at least the last decade, people in the state have 
wanted to live in a rural setting. Their reasons have been 
consistent-they want access to the natural environment 
and outdoor recreation. And, as the Wisconsin Depart- 
ments of Administration and Development (1 974, 1982) 
surveys and U.S. Census figures indicate, people are act- 
ing on these desires. With the exception of those who 
do not want holding tanks for primary homes, most rural 
residents seem to choose their locations regardless of the 
type or cost of sewage disposal. In the case of holding 
tanks, there is some evidence to suggest that their use 
with primary homes is being avoided because of high 
operating costs and their negative impact on property 
resale value.3 

Land Use Impacts 
Development Patterns 

As noted above, we identified three types of nonsew- 
ered land development patterns for study: scattered, 

26 
24 
22  

2o 
18 

5 16 
f 14 

10 

k 6  

2 
0 

p- 12 &f 
% e  

5 4  

1 2 3  4 

Conventional 

Factors 

5 6 7  
Factor number 

8 9 10 

Mound 0 Holding tank 

I. Proximity to urban area 
2. Proximity to work 
3. View/natural environment 
4. Rural setting 
5.Low cost of land 

6. Family or friendship ties 
7. Outdoor recreation 
8. Lower taxes 
9. Family-owned land 
10. Isolation 

FIGURE 4: Factors in location decisions. Re- 
spondents were asked to rank from 1 to 3 the 
three most important factors in selecting the c u r  
rent location. These three responses were 
summed with equal weighting for this graph. 
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MARK E. HANSON AND HARVEY M. JACOBS 

clustered, and infill. Both scattered and clustered devel- 
opment, as defined in the field survey, are dispersed or 
sprawled land use patterns. 

The field survey of 240 selected sites (thirty sites in 
eight counties) revealed that sampled sites were very 
dispersed overall, and, with the exception of one county, 
development patterns did not vary greatly by type of 
sewage system. Of the total systems observed, 94 percent 
were dispersed, with 61 percent in scattered development 
and 33 percent in a clustered pattern (Figure 5).  OnIy 6 
percent were identified as infill. While each type of pri- 
vate sewage system was predominantly scattered, con- 
ventional systems were somewhat less scattered and more 
often clustered than the other types of systems (Figure 
5). (Some of this difference is explained by Wisconsin 
law, which prohibits the use of holding tanks in rural 
subdivisions; certain counties also discourage the use of 
mounds in subdivisions.) 

Reflecting the varied topography of the state, all land 
use was highly dispersed but varied widely between the 
two dispersed forms (scattered and clustered) among the 
sampled counties. In the most striking example, in Ver- 
non County, in the southwest corner of the state, 93 per- 
cent of the sites were scattered. In contrast, in Waukesha 
County, adjoining Milwaukee on the eastern border of 
the state, and Oneida County, in the north central part 
of the state, two-thirds of the sites were clustered. In 
Waukesha County this phenomenon was due to the 
prevalence of rural subdivisions; in Oneida County it 
was due to linear lakeshore development. 

The telephone survey of planners and sanitarians sub- 
stantiated these observations. In two-thirds of responding 
counties pIanners and sanitarians believed that the type 
of private sewage system had no impact on the pattern 
of development. They noted several exceptions to this, 
however. While most survey respondents stated that the 
availability of all types of private sewage systems con- 
tributed to rural sprawl, respondents from six of the 
twenty-two counties in the telephone survey noted that 
conventional systems were the primary systems used in 
subdivisions, and thus contributed to more clustering 
among these systems. Other respondents suggested that 
pockets of soils of a particular suitability located in high- 
demand areas could influence the pattern of development. 

too 

E 80 

60 

47 

t 

Clustered 
‘0 40 Scattered 
03 

3 
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a 
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Conventional Holding tank Mounds Totol 

System type 

FIGURE 5: Land use patterns associated with 
system technology. 
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FIGURE 6: Previous use of the site. 

In summary, very few private sewage systems were 
being used for infill. Instead, private systems were used 
mainly in scattered mral development and in some clus- 
tered development. Conventional systems were more of- 
ten used in clustered development because of existing 
state policy for rural subdivisions. The availability of the 
mound system did have an impact on land settlement 
patterns in selected Iocations, depending upon the will- 
ingness of homeowners to use holding tanks. In areas 
dominated by development for single family homes where 
holding tanks were avoided for new development and 
suitable sites for conventional systems were not available, 
the availability of the mound system fostered greater rural 
development in a sprawled pattern. 

Land Resource Impacts 
In the field survey, we recorded the previous uses of 

land developed with private sewage systems. As ex- 
pected, these uses varied by county. In four of the eight 
counties, development occurred on primarily agricultural 
land; in three of the counties it was in primariiy wooded 
areas or nonproductive open areas; and in the remaining 
county it was evenly distributed among these areas. In 
aggregate, wooded land absorbed the greatest impact of 
development (Figure 6). 

Among the eight counties, 29 percent of all sites oc- 
cupied agricultural land. This proportion was fairly sim- 
ilar for all types of systems. In counties where agriculture 
is prominent, much higher percentages of new systems 
replaced agricultural land. However, as we did not de- 
termine the quality of the soil on the sites observed, we 
do not know whether the land involved was prime or 
marginal agricultural land. 

In the telephone survey, twa-thirds of planners and 
sanitarians considered agricultural land to be one of the 
major types of land converted for rural development, a 
result consistent with the field survey. In approximately 
haif of these counties, the opinion was that the quality 
of the land converted was marginal. More than three- 
fourths of the county personnel surveyed believed that 
the type of land developed had no correIation with the 
type of system used. 

Thus, while private sewage systems are being used in 
the conversion of agricultural land to nonagriculturctl 
uses, it does not appear that a mound system or holding 
tank is a more likely choice on agricultural land than a 
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PRIVATE SEWAGE SYSTEM IMPACTS IN WISCONSIN 

conventional system. In evaluating the results of this 
stratified sampIe, it must aIso be noted that, despite the 
increased use of mounds and holding tanks in recent 
years, 73 percent of the permits issued for new systems 
statewide are for conventional systems. 

Although agricultural land is significantly affected, the 
land resource most affected by private sewage systems 
is forested land. A modestly higher proportion of con- 
ventional systems are going into wooded land. Consid- 
ering the large number of conventional systems that have 
been instahd, a great number of Wisconsin’s woodlots 
are being subdivided for rural residential development. 
The survey of county professionals substantiated this 
perception; 55 percent of those surveyed stated that for- 
ested land is the most common type of rural land being 
developed. 

Environmental and Infrastructure 
Impacts 
Historical Trends and Future Implications 

The most important difference between past and future 
uses of private sewage systems is that the proportion of 
holding tanks and mound systems used in new devel- 
opment, and cumulative in-place development, will in- 
crease greatly relative to the number of conventional 
systems used (assuming that these three types of private 
sewage systems remain the primary forms of on-site sew- 
age technology in Wisconsin). As noted in the discussion 
of private sewage system use and in Figures 2 and 3, 
holding tanks and mounds are rapidly emerging as im- 
portant technologies, accounting for 15 percent and 13 
percent respectively of all systems installed during 1982- 
1984. 

To achieve an understanding of the future use of private 
sewage systems in Wisconsin, we created a simulation 
mode1 of the stock or number of systems to develop two 
future scenarios. The model kept track of the number of 
additions, deletions, and replacements occurring over a 
specified time intervd. Because replacement systems may 
differ from the original system, the pattern of replace- 
ments was explicitly considered in terms of the expected 
life of the systems and the replacement type. A “high 
future” assumes the mix of new private sewage systems 
used in the 1982-to-1984 period but the overall devel- 

TABLE 3: Devdopment assumptions 

New and replacement systems installed per year 

High future Low future 

New Replacement New Replacement 

Conventional 13,500 2,600 5,250 2,600 
Mounds 1,620 800 630 800 
Hotding tank 2,880 600 1,720 600 

Total 18,000 4,000 7,000 4,000 

2.6 
2.4 
2.2 
2 
I .8 
1.6 

1.4 
I .2 
I 
0.8 
0.6 
0.4 

0.2 
0 
1970 2000 2050 2100 

Year 

a Convtrntional A Mounds 0 Holdinp tonk A Total 

FIGURE 7: Private sewage systems-high fu- 
ture. 

opment rate of 1978, the high water mark far residential 
development in Wisconsin (see Figure 2)- The replace- 
ment rate for failing systems (virtually all of which are 
conventional systems at this time), is independent of new 
construction and is held fixed at the 1982-1984 replace- 
ment rates. Table 3 shows the mix of systems for new 
and replacement use in the high future. Twenty-five per- 
cent of mounds are assumed to be replaced by holding 
tanks at the end of their life, while all holding tanks are 
replaced by holding tanks. As no life cycle experience 
exists with mounds, this assumption is highly speculative, 
The high future is shown in Figure 7. A notable outcome 
is the large number of holding tanks and alternative sys- 
tems by the year 2000. By the year 2100, there would 
be as many holding tanks-about 500,000-as total pri- 
vate sewage systems now in place, a remarkable figure, 
given that the 16,000 holding tanks now in place are 
already the subject of a heated statewide debate and out- 
right bans in selected counties. 

The “low future” is similar to the high future in every 
respect except that new systems are installed at the 1982- 
1984 rate, a period of severe recession in the United 
States economy. Table 3 shows the rate of construction 
of new and replacement systems and Figure 8 shows the 
resulting number of systems. Although somewhat dimin- 
ished, a large increase in the number of mounds and 
holding tanks still occurs, 

The broad message that emanates from these scenarios 
is that the future will be different from the past. Non- 
sewered residential development will be an increasing 
share of all residential development. The waste disposal 
problems from the small number of existing holding tanks 
that has led to holding tank bans for new construction 
in some counties and towns in Wisconsin will be a much 
larger issue. 

In addition to the land use impacts previously de- 
scribed, three concerns seem critical in a consideration 
of the consequences of the massive changes occurring 
in the use of private sewage systems. These concerns 
are: (1) holding tank waste and septage disposal: (2) high- 
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FIGURE 8: Private sewage systems -low future. 

way provision and use, and associated energy use; and 
(3) groundwater contamination. All of these areas have 
major fiscal implications. However space permits only a 
brief summary of the issues and findings relating to each. 

Holding Tank Waste and Septage Disposal 
The increasing proportion of holding tanks and the 

overall increase in conventional systems and mounds 
raise the major issue of holding tank waste and septage 
disposal. The survey of county sanitarians found wide- 
spread concern with improper holding tank waste dis- 
posal, which poses hazards to human health, ground- 
water, and surface water. The much larger number of 
holding tanks foreseen for the future, under either the 
low or high future, raises the need to identify land suitable 
and available for land spreading of septage and holding 
tank waste and/or the need for significant new public 
sewage treatment capacity and receptor facilities. 

The actual amount of holding tank waste that is cur- 
rently pumped and disposed of is unknown. Estimates 
based on studies of the amount of water used and re- 
sulting wastewater generated indicate values of about 
40 to 45 gallons per day per person. How much of that 
wastewater is pumped and properly disposed of is very 
uncertain. In the telephone survey, county sanitarians 
overwhelmingly indicated that illegal pumping by owners 
and pumpers is a major problem in their counties. The 
mail survey indicated that holding tank users in perma- 
nent homes pumped their tanks an average of 7.3 times 
per year. This figure suggests that, with an average family 
size of 3.2 persons, a mean holding tank capacity of 3,200 
gallons, and a 40-to-50-gallon water usage rate, on av- 
erage only 50 percent of the holding tank waste is being 
properly pumped. In addition, anecdotal information 
suggests that a portion of the wastes pumped by licensed 
haulers and by property owners under a private license 
are not properly disposed of. While there is uncertainty 
in the data, this information indicates a major problem. 

The existing holding tank waste dilemma and the like- 
lihood that this problem will worsen point to two con- 

flicting forces that are on a collision course. On one hand, 
some counties (e.g., Dane County Regional Planning 
Commission 1986, Door County Board of Supervisors 
1986) are attempting to impose policies ensuring that 
pumping will be carried out and that holding tank waste 
and conventional and mound system septage are properly 
treated via land spreading or municipal sewage treatment 
plants. The net result of this will be higher pumping and 
disposal costs. On the other hand, the high costs of op- 
erating holding tanks are motivating people to avoid 
proper pumping and disposal. 

We estimated the economic motivation to select one 
system over another and to avoid proper disposal of 
holding tanks waste by using a life-cycle cost analysis 
and the data from the mail survey. Table 4 summarizes 
the results, which reflect a 40-year life cycle analysis at 
a 5-percent discount rate on real dollars. 

To the extent that home purchasers focus on initial 
costs, there is an incentive to avoid parcels of land re- 
quiring mounds. (Median property values for homes with 
mounds were on the order of $80,000.) However, the 
long-term costs as shown by the 40-year life-cycle costs 
in Table 4 provide an incentive to avoid holding tanks 
on the basis of the costs of proper disposal. This incentive 
would become very large if pumping is done 17 times 
per year as noted in the theoretical case in Table 4. If 
the cost per pumping increases to $100 because of the 
increased cost of proper dispoal and enforcement, annual 
pumping costs for a holding tank would be $1,700 and 
40-year life cycle cost would increase to $33,000. 

In light of these cost levels and the problems of holding 
tank wastes, it is not surprising that a number of counties 
and towns in Wisconsin have implemented a ban and in 
other ways have acted to discourage the use of holding 
tanks for new construction. A statewide ban on holding 
tanks for new construction would reduce their numbers 
in the future, but would not eliminate a rapid growth, 
because of their use as a necessary replacement system 
under Wisconsin regulations for many failing private 
sewage systems. Even in the low future scenario, 25,000 
holding tanks would be in place by the year 2000 despite 
a ban for new construction. Forty-two thousand holding 
tanks would be in place in the low scenario without the 
ban. A statewide ban would cause severe hardship in 
eight counties where holding tanks comprise more than 
40 percent of all new private sewage systems. 

Highway and Energy Use and Costs 
It has been widely asserted that rural and suburban 

dwellers will have greater travel requirements and energy 
requirements in the future than urban residents. A study 
by the Dane County (Wisconsin) Regional Planning 
Commission for the Federal Highway Administration 
(DCRPC 1983) provides detailed estimates of these dif- 
ferences in travel and energy requirements for the resi- 
dents of Dane County. 

Table 5, based on the DCRPC report, provides trans- 
portation energy use estimates in terms of geographic 
area. Development associated with private sewage sys- 
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PRIVATE SEWAGE SYSTEM IMPACTS IN WISCONSIN 

TABLE 4: Lifecycle costs of private sewage systems 

Initial purchase Present value of all 
System Cost. Operating assumptions costs for 40 years' 

Conventional $2,815 System replacement in 20 years $ 4,292 
Septic tank pumped every 2 years 
$50 per pumping 

$50 per pumping 

Mound $6,042 System replacement in 25 years $ 7,934 
Septic tank pumped every 2 years 

Holding tank primary dwelling $3.422 System replacement in 20 years $10,785 
Holding tank pumped 7.3 times per year 

(based on mail survey) 
850 per pumping 

Holding tank primary dwelling $3.422 System replacement in 20 years $18,855 
(theoretical) Holding tank pumped 17 times per 

Y d  
$50 per pumping 

~ ~~~ 

All costs are in 1985 dollars. 
Based on survey results of 3.2 persons per dwelling unit and 3.2oogallon holding tank. Assumes 42 gallons of water usage per person per day and that the 
tank is pumpad at 95 percent of capacity. 

tems is characterized within the DCRPC study as rural, 
single family. The data show that rural residents consume 
68 percent more energy than their counterparts in sat- 
ellites and 113 percent more than their counterparts in 
the central urban area. The conclusion to be drawn is 
that rural development is a transportation-energy-inten- 
sive type of development, with energy use and the amount 
of travel per capita greater than that of urban dwellers 
by roughly a factor of 2. The demand for highways by 
these rural residents will be correspondingly greater. 
While the fuel economy of passenger vehicles has in- 
creased since the DCRF'C study and will continue to in- 
crease somewhat, the large difference in fuel consump- 
tion between urban and rural development will remain. 
This finding is consistent with earlier findings on public 
service costs that noted that rural and exurban devel- 
opment is capital-intensive in transportation infrastruc- 
ture (Real Estate Research Corporation 1974a, 1974b). 

TABLE 5: Gallons of transportation fuel per 
dwelling unit per year 

single family All dwelling units 
~ 

Rural 
(areas outside cities 
and villages, 
primarily towns) 1,411 1,330 

(outlying cities and 
villages) 842 746 

(cities and villages 
in the Madison 

Satellite 

central urban 

urban service area) 662 580 
Dane County average 793 646 

Source: Dane County Regional Planning Commission 1983. 

The cost of providing transportation infrastructure is 
not a trivial matter. Wisconsin Department of Transpor- 
tation highway expenditures (which are based on user 
fees) and local expenditures exclusive of state aids (which 
in Wisconsin essentially come from the property tax) 
amount to about $300 per capita per year. The dispersed 
nature of development that is occurring in Wisconsin 
and in the United States overall (Cervero 1986) inevitably 
leads to congestion problems and subsequent demands 
for greater transportation infrastructure. 

Groundwater Contamination 
The design of on-site sewage disposal systems has been 

refined and improved in recent years, but is still based 
on the principle of emuent treatment by absorption into 
the soil. Most research and legal standards have been 
historically oriented toward the hydraulic function of the 
system with the objective of keeping emuent from pond- 
ing on the surface where it poses an immediate threat to 
human health. Until the last decade, less attention was 
given to groundwater impacts of septic systems. 

While current institutional improvements offer greater 
likelihood that new systems will have fewer impacts on 
groundwater, the legacy of poorly sited and designed pri- 
vate sewage systems poses a serious threat to ground- 
water quality in many parts of the country. This problem 
is accentuated by the design life of private sewage sys- 
tems, which is already being exceeded for the great num- 
bers of private sewage systems installed in the 1960s. It 
has been estimated that fewer than half of existing septic 
systems are operating properly by today's standards. In 
addition, private sewage disposal was ranked highest na- 
tionally among all groundwater pollution sources in total 
volume of wastewater discharged directly to soils over- 
lying groundwater (U.S. Environmental Protection 
Agency 1977). 
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Systematic data for making definitive findings regarding 
the impact of small private sewage systems on ground- 
water are not available. Based on literature, computer 
modeling, and other sources, the use of all types of soil 
absorption systems in a high-density rural and suburban 
development pattern does appear to pose a threat to 
drinking water through groundwater contamination by 
nitrates and possibly other pollutants. Nitrate levels in 
groundwater are already elevated in some areas from 
agricultural and other sources. Southeast Wisconsin's 
high rural and suburban densities and areas with highly 
permeable soils are of greatest concern. 

Policy Considerations and Issues 
The massive movement to highly dispersed suburban 

and rural development based on the availability of private 
sewage systems promises a future quite different from 
the past. While this use of private sewage systems is 
meeting the expressed desires of a significant segment of 
the population, it also raises a number of policy issues. 

Clearly the findings presented here are problematic for 
those concerned with land use and environmental plan- 
ning policy. Private sewage systems have significant im- 
pact on land use that, except in particular areas, does 
not appear to differ among systems. All types of private 
sewage systems facilitate highly dispersed development 
and the conversion of agricultural and forest land. But 
this fact is, in itself, not surprising; these systems are 
designed to allow individuals to actualize safely their de- 
sire to live in nonurban areas. But this fact is also the 
root of the problem of attempting to deal with the land 
use and environmental impacts of private sewage systems 
via private sewage system policy. 

Private sewage system policy, that is, policy designed 
to regulate the installation and monitoring of these sys- 
tems, is, in effect, health policy. It is policy designed to 
assure the healthful treatment of human emuent on site. 
In particular, it is designed to prevent contact of sewage 
effluent with the land surface and surface waters, and to 
remove bacteria and viruses from emuent before the wa- 
ter that makes up this emuent comes into contact with 
groundwater. As such, private sewage system policy is 
not designed to be concerned with broad planning issues, 
such as land use and environmental impacts. As long as 
a particular site, in its soil, slope, and water-table con- 
ditions, can safely accommodate a private sewage system 
when it is working properly, the policy structure in Wis- 
consin, and the United States in general, will allow system 
installation. 

This type of policy structure becomes a problem in 
certain rural areas in Wisconsin and elsewhere where 
local officials have used soil, slope, and water-table-based 
health policy as de facto land use planning policy. As 
long as certain critical environmental areas, such as steep 
slope, thin soil, and high water-table and wetland areas, 
were off limits to the installation of private sewage sys- 
tems it was not necessary to address the politically dif- 
ficult issue of comprehensive land use planning. Now, 

however, with the development of mounds, holding 
tanks, and other technologies, the previously inherent 
restrictiveness of this policy approach no longer works. 
When you can, in effect, put a private sewage system 
anywhere, health policy no longer can act as de facto 
land use planning policy. Popper (1 980) recognized this 
in his study of private sewage systems: 

[many localities and states have in the past used 
health or sanitary codes in such a way as to inad- 
vertently transform them into indirect devices to 
control land use or growth. . . . m h e  advent of 
the alternative [private] technologies may make this 
approach outmoded, and force some local and state 
governments to deal with land use directly rather 
than indirectly for the first time. 

The research in this study verifies what Popper antic- 
ipated. With the exception of policy banning holding 
tanks in areas where site conditions require their exten- 
sive use, private sewage system policy cannot mitigate 
most of the land use and environmental impacts of private 
sewage systems. Private sewage system policy exists in 
a policy environment of larger social, economic, and 
market forces for rural settlement, and the policy mech- 
anisms most suited to mitigating settlement impacts are 
settlement policies-i.e., land use and environmental 
policies. Private sewage system policy by itself is a limited 
and indirect approach to mitigating these impacts. And 
yet, at least in Wisconsin, it does not appear that local 
and/or state officials are aware of or significantly con- 
cerned about the impact of this development process to 
institute any serious process of local, state, or coordinated 
local-state land use planning.' 

Clearly, the change that is occurring in rural and sub- 
urban areas is not without cost. Highways and energy 
must be provided to support this dispersed pattern of 
development. While the direct energy costs are largely 
absorbed by the user, the direct roadway costs are only 
partially met by user fees. Furthermore, the cost of sep- 
tage disposal from conventional and mound systems and 
from a growing volume of holding tank waste disposal 
will be increasing as regulations are tightened to require 
appropriate land spreading or sewage plant treatment. 
A central issue is whether the users will pay for this 
service and who will provide it. 

The questions related to development patterns and 
groundwater protection raise a different set of policy 
concerns. While there does not appear to be a consensus 
on how to protect the rural landscape, there may be an 
emerging consensus on protecting groundwater. Thus, 
even if cascading development diminishing the attributes 
sought in rural areas is accepted, there is reluctance to 
accept groundwater deterioration. If rural development 
continues to be acceptable and popular, public policy 
makers will increasingly turn to site design to protect the 
groundwater resource. 

If comprehensive and coordinated land use planning 
at the local or state level is unlikely, then the policy re- 
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sponse that may emerge is a combination of regulatory 
initiatives whose effect will be to reduce certain exter- 
nalitie~.~ Septage and holding tank waste collection and 
treatment are already the subject of more stringent reg- 
ulation in a number of Wisconsin counties. Local trans- 
portation system users fees may be another potential area 
for policy initiatives. The net result of these initiatives in 
combination with energy and congestion costs will be to 
increase steadily the cost of living in the suburban and 
rural areas served by private sewage systems. Thus, it is 
likely that the primary mechanism influencing develop- 
ment dependent on private sewage systems will not be 
public sector land use and environmental planning policy 
but rather the interplay of demand forces, infrastructure 
provision, regulations related to private sewage systems, 
and, perhaps most significant, the emergent costs to in- 
dividuals and the public of supporting rural and suburban 
development. What is unclear is whether these forces 
alone will produce development patterns in the public 
interest. We are skeptical that they will, and thus are 
concerned about the future of the rural environment in 
Wisconsin and elsewhere absent a program of compre- 
hensive and coordinated planning. 

AUTHORS’ NOTE 
Much of the data and analysis presented in this paper 
are drawn from Hanson, Jacobs, et a]. (1986). We wish 
to acknowledge the collaboration of three former grad- 
uate students, Elizabeth D. Ham, K. Leigh Leonard, and 
Kerri J. Simmons. We also wish to note that we have 
chosen to list ourselves alphabetically, and that the paper 
represents equal effort on the part of each author. Funding 
for the research was provided by the Wisconsin Legis- 
lature. 

NOTES 
The quota system permitted 5 mound systems per 
county per year, plus an option of an additional 25 
systems per county per year for the first 20 counties 
to apply for them. This allowed for a maximum of 
860 permits per year for Wisconsin’s 72 counties. 
Actual installation of private sewage systems varied 
somewhat from the number of permits issued for them. 
Installations in this period ranged from 7,900 in 1982 
to 11,700 in 1984. In this period, 75 percent of the 
systems installed were conventional systems, 9 per- 
cent were mounds, and 16 percent were holding tanks. 
The telephone interviews with county planners were 
important sources of information on the aversion to 
holding tanks due to property resale concerns. The 
ownership patterns, shown in Table 2, supported the 
planners’ observations. 
One reason for this is that the long-term environmental 
impacts of mounds and holding tanks are not yet clear. 
Mounds have not yet reached their design life, and 
issues related to their on-site failure and how and 
where on-site replacement will occur have not been 

fully addressed. Further, it is only recently that mu- 
nicipalities and the state have begun to become aware 
of the dangers and complexities of the disposal of 
holding tank wastes. 

5. Regulatory initiatives in Wisconsin might include the 
adoption of other private sewage system technologies 
as well as package plants. State policy has been cau- 
tious in adopting new technologies until they are 
proven. Package plants have also been avoided be- 
cause of land use concerns. 
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