SEWRPC Community Assistance Planning Report No. 302
Volume Two, Alternative and Recommended Plans
A LAKE MANAGEMENT PLAN FOR ELIZABETH LAKE AND LAKE MARY
KENOSHA COUNTY, WISCONSIN

Appendix G

NONPOINT SOURCE POLLUTION CONTROL MEASURES
Nonpoint, or diffuse, sources of water pollution include urban sources such as runoff from residential,
commercial, industrial, transportation, and recreational land uses; construction activities; and onsite sewage
disposal systems and rural sources such as runoff from cropland, pasture, and woodland, atmospheric
contributions, and livestock wastes. These sources of pollutants discharge to surface waters by direct overland
drainage, by drainage through natural channels, by drainage through engineered stormwater drainage systems, and
by deep percolation into the ground and subsequent return flow to the surface waters.
A summary of the methods and estimated effectiveness of nonpoint source water pollution control measures is set
forth in Table G-1. These measures have been grouped for planning purposes into two categories: basic practices
and additional. Application of the basic practices will have a variable effectiveness in terms of control level of
pollution control depending upon the subwatershed area characteristics and the pollutant considered. The
additional category of nonpoint source control measures has been subdivided into four subcategories based upon
the relative effectiveness and costs of the measures. The first subcategory of practices can be expected to result
generally in about a 25 percent reduction in pollutant runoff. The second and third subcategory of practices, when
applied in combination with the minimum and additional practices, can be expected to generally result in up to a
75 percent reduction in pollutant runoff, respectively. The fourth subcategory would consist of all of the
preceding practices, plus those additional practices that would be required to achieve a reduction in ultimate
runoff of more than 75 percent.
Table G-1 sets forth the diffuse source control measures applicable to general land uses and diffuse source
activities, along with the estimated maximum level of pollution reduction which may be expected upon
implementation of the applicable measures. The table also includes information pertaining to the costs of
developing the alternatives set forth in Chapter II of this volume.1 These various individual nonpoint source
control practices are summarized by group in Table G-2.
Of the sets of practices recommended for various levels of diffuse source pollution control presented in
Table G-2, not all practices are needed, applicable, or cost-effective for all watersheds, due to variations in
pollutant loadings and land use and natural conditions among the watersheds. Therefore, it is recommended that
the practices indicated as needed for nonpoint source pollutant control be refined by local level nonpoint source
control practices planning, which would be analogous to sewerage facilities planning for point source pollution
abatement. A locally prepared plan for nonpoint abatement measures should be better able to blend knowledge of
current problems and practices with a quickly evolving technology to achieve a suitable, site-specific approach to
pollution abatement.
_____________
1

Costs are presented in more detail in the following SEWRPC Technical Reports: No. 18, State of the Art of
Water Pollution Control in Southeastern Wisconsin, Volume Three, Urban Storm Water Runoff, July 1977, and
Volume Four, Rural Storm Water Runoff, December 1976; and No. 31, Costs of Urban Nonpoint Source Water
Pollution Control Measures, June 1991.
PRELIMINARY DRAFT

147

Table G-1
GENERALIZED SUMMARY OF METHODS AND EFFECTIVENESS
OF NONPOINT SOURCE WATER POLLUTION ABATEMENT

Applicable
Land Use
Urban

148

Control Measuresa

Summary Description

Approximate Percent
Reduction of
Released Pollutantsb

Assumptions for
Costing Purposes

Litter and pet waste control
ordinance

Prevent the accumulation of litter
and pet wastes on streets and
residential, commercial, industrial,
and recreational areas

2 to 5

Ordinance administration and enforcement
costs are expected to be funded by
violation penalties and related revenues

Improved timing and efficiency of
street sweeping, leaf collection
and disposal, and catch basin
cleaning

Improve the scheduling of these public
works activities, modify work habits
of personnel, and select equipment
to maximize the effectiveness of
these existing pollution control
measures

2 to 5

No significant increase in current
expenditures is expected

Management of onsite sewage
treatment systems

Regulate septic system installation,
monitoring, location, and
performance; replace failing systems
with new septic systems or
alternative treatment facilities;
develop alternatives to septic
systems; eliminate direct connections
to drain tiles or ditches; dispose of
septage at sewage treatment facility

10 to 30

Replace one-half of estimated existing
failing septic systems with properly
located and installed systems and
replace one-half with alternative
systems, such as mound systems or
holding tanks; all existing and proposed
onsite sewage treatment systems are
assumed to be properly maintained;
assume system life of 25 years. The
estimated cost of a septic tank system is
$5,000 to $6,000 and the cost of an
alternative system is $10,000. The
annual maintenance cost of a disposal
system is $250. An in-ground pressure
system is estimated to cost $6,000 to
$10,000 with an annual operation and
maintenance cost of $250. A holding
tank would cost $5,500 to $6,500, with
an annual operation and maintenance
cost of $1,800

Increased street sweeping

On the average, sweep all streets in
urban areas an equivalent of once or
twice a week with vacuum street
sweepers; require parking restrictions
to permit access to curb areas;
sweep all streets at least eight
months per year; sweep commercial
and industrial areas with greater
frequency than residential areas

30 to 50

Estimate curb-miles based on land use,
estimated street acreage, and Commission transportation planning standards;
assume one street sweeper can sweep
2,000 curb-miles per year; assume
sweeper life of 10 years; assume
residential areas swept once weekly,
commercial and industrial areas swept
twice weekly. The cost of a vacuum
street sweeper is approximately
$120,000. The cost of the operation and
maintenance of a sweeper is about $25
per curb-mile swept

Increased leaf and clippings
collection and disposal

Increase the frequency and efficiency
of leaf collection procedures in fall;
use vacuum cleaners to collect
leaves; implement ordinances for
leaves, clippings. and other organic
debris to be mulched, composted, or
bagged for pickup

2 to 5

Assume one equivalent mature tree per
residence, plus five trees per acre in
recreational areas; 75 pounds of leaves
per tree; 20 percent of leaves in urban
areas not currently disposed of properly.
The cost of the collection of leaves in a
vacuum sweeper and disposal is
estimated at $180 to $200 per ton of
leaves

Increased catch basin cleaning

Increase frequency and efficiency of
catch basin cleaning; clean at least
twice per year using vacuum
cleaners; catch basin installation in
new urban development not
recommended as a cost-effective
practice for water quality
improvement

2 to 5

Determine curb-miles for street sweeping;
vary percent of urban areas served by
catch basins by watershed from
Commission inventory data; assume
density of 10 catch basins per curb-mile;
clean each basin twice annually by
vacuum cleaner. The cost of cleaning a
catch basin is approximately $10

Reduced use of deicing salt

Reduce use of deicing salt on streets;
salt only intersections and problem
areas; prevent excessive use of sand
and other abrasives

Increased costs, such as for slower
Negligible for pollutants
transportation movement, are expected
addressed in this plan,
to be offset by benefits, such as reduced
but helpful for
automobile corrosion and damage to
reducing chlorides and
vegetation
associated damage to
vegetation
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Table G-1 (continued)

Applicable
Land Use
Urban (continued)

Control Measuresa

Summary Description

Approximate Percent
Reduction of
Released Pollutantsb

Assumptions for
Costing Purposes

Improved street maintenance and
refuse collection and disposal

Increase street maintenance and
repairs; increase provision of trash
receptacles in public areas; improve
trash collection schedules; increase
cleanup of parks and commercial
centers

2 to 5

Increase current expenditures by
approximately 15 percent

Parking lot stormwater temporary
storage and treatment measures

Construct gravel-filled trenches,
sediment basins, or similar measures
to store temporarily the runoff from
parking lots, rooftops, and other large
impervious areas; if treatment is
necessary, use a physical-chemical
treatment measure, such as screens,
dissolved air flotation, or a swirl
concentrator

5 to 10

Design gravel-filled trenches for 24-hour,
five-year recurrence interval storm; apply
to off-street parking acreages. For
treatment, assume four-hour detention
time. The capital cost of stormwater
detention and treatment facilities is
estimated at $40,000 to $80,000 per acre
of parking lot area, with an annual
operation and maintenance cost of about
$200 per acre

Onsite storage—residential

Remove connections to sewer
systems; construct onsite stormwater
storage measures for subdivisions

5 to 10

Remove roof drains and other connections
from sewer system wherever needed;
use lawn aeration, if applicable; apply
dutch drain storage facilities to 15
percent of residences. The capital cost
would approximate $500 per house, with
an annual operation and maintenance
cost of about $25

Stormwater Infiltration—urban

Construct gravel-filled trenches
for areas of less than 10 acres or
basins to collect and store
temporarily stormwater runoff to
reduce volume, provide groundwater
recharge and augment low stream
flows

45 to 90

Design gravel-filled trenches or basins to
store the first 0.5 inch of runoff; provide
at least a 25-foot grass buffer strip to
reduce sediment loadings. The capital
cost of stormwater infiltration is
estimated at $12,000 for a six-foot-deep,
10-foot-wide trench, and at $70,000 for a
one-acre basin, with an annual
maintenance cost of about $10 to $350
for the trench and about $2,500 for the
basin

Stormwater storage—urban

Store stormwater runoff from urban
land in surface storage basins or,
where necessary, subsurface storage
basins

10 to 35

Design all storage facilities for a 1.5-inch
runoff event, which corresponds
approximately to a five-year recurrence
interval event, with a storm event being
defined as a period of precipitation with a
minimum antecedent and subsequent
dry period of from 12 to 24 hours; apply
subsurface storage tanks to intensively
developed existing urban areas where
suitable open land for surface storage is
unavailable; design surface storage
basins for proposed new urban land,
existing urban land not storm sewered,
and existing urban land where adequate
open space is available at the storm
sewer discharge site. The capital cost for
stormwater storage would range from
$35,000 to $110,000 per acre of basin,
with an annual operation and
maintenance cost of about $40 to $60
per acre

Stormwater treatment

Provide physical-chemical treatment
which includes screens,
microstrainers, dissolved air flotation,
swirl concentrator, or high-rate
filtration, and/or disinfection, which
may include chlorination, high-rate
disinfection, or ozonation to
stormwater following storage

10 to 50

To be applied only in combination with
stormwater storage facilities above;
general cost estimates for microstrainer
treatment and ozonation were used;
some costs were applied to existing
urban land and proposed new urban
development. Stormwater treatment has
an estimated capital cost of from $900 to
$7,000 per acre of tributary drainage
area, with an average annual operation
and maintenance cost of about $35 to
$100 per acre
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Table G-1 (continued)

Applicable
Land Use
Rural

Urban and Rural

150

Control Measuresa

Summary Description

Approximate Percent
Reduction of
Released Pollutantsb

Assumptions for
Costing Purposes

Conservation practices

Includes such practices as strip
cropping, contour plowing, crop
rotation, pasture management,
critical area protection, grading and
terracing, grassed waterways,
diversions, woodlot management,
fertilization and pesticide
management, and chisel tillage

Up to 50

Cost for Natural Resources Conservation
Service (NRCS) recommended practices
are applied to agricultural and related
rural land; the distribution and extent of
the various practices were determined
from an examination of 56 existing farm
plan designs within the Region. The
capital cost of conservation practices
ranges from $3,000 to $5,000 per acre of
rural land, with an average annual
operation and maintenance cost of from
$5.00 to $10 per rural acre

Animal waste control system

Construct streambank fencing and
crossovers to prevent access of all
livestock to waterways; construct a
runoff control system or a manure
storage facility, as needed, for major
livestock operations; prevent
improper applications of manure on
frozen ground, near surface
drainageways, and on steep slopes;
incorporate manure into soil

50 to 75

Cost estimated per animal unit; animal
waste storage (liquid and slurry tank for
costing purposes) facilities are
recommended for all major animal
operations within 500 feet of surface
water and located in areas identified as
having relatively high potential for severe
pollution problems. Runoff control
systems recommended for all other
major animal operations. It is recognized
that dry manure stacking facilities are
significantly less expensive than liquid
and slurry storage tanks and may be
adequate waste storage systems in
many instances. The estimated capital
cost and average operation and
maintenance cost of a runoff control
system is $100 per animal unit and $25
per animal unit, respectively. The capital
cost of a liquid and slurry storage facility
is about $1,000 per animal unit, with an
annual operation and maintenance cost
of about $75 per unit. An animal unit is
the weight equivalent of a 1,000-pound
cow

Base-of-slope detention storage

Store runoff from agricultural land to
allow solids to settle out and reduce
peak runoff rates. Berms could be
constructed parallel to streams

50 to 75

Construct a low earthen berm at the base
of agricultural fields, along the edge of a
floodplain, wetland, or other sensitive
area, design for 24-hour, 10-year
recurrence interval storm; berm height
about four feet. Apply where needed in
addition to basic conservation practices;
repair berm every 10 years and remove
sediment and spread on land. The
estimated capital cost of base-of-slope
detention storage would be $500 per
tributary acre, with an annual operation
and maintenance cost of $25 per acre

Bench terraces

Construct bench terraces, thereby
reducing the need for many other
conservation practices on sloping
agricultural land

75 to 90

Apply to all appropriate agricultural lands
for a maximum level of pollution control.
Utilization of this practice would exclude
installation of many basic conservation
practices and base-of-slope detention
storage. The capital cost of bench
terraces is estimated at $1,500 per acre,
with an annual operation and
maintenance cost of $100 per acre

Public education programs

Conduct regional and county-level
public education programs to inform
the public and provide technical
information on the need for proper
land management practices on
private land, the recommendations
for management programs, and the
effects of implemented measures;
develop local awareness programs
for citizens and public works officials;
develop local contract and education
efforts

Indeterminate

For first 10 years, includes cost of one
person, materials, and support for each
25,000 population. Thereafter, the same
cost can be applied for every 50,000
population. The cost of one person,
materials, and support is estimated at
$55,000 per year
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Table G-1 (continued)

Applicable
Land Use
Urban and Rural
(continued)

Control Measuresa

Summary Description

Approximate Percent
Reduction of
Released Pollutantsb

Assumptions for
Costing Purposes

Construction erosion control
practices

Construct temporary sediment basins;
install straw bale dikes; use fiber
mats, mulching, and seeding; install
slope drains to stabilize steep slopes;
construct temporary diversion swales
or berms upslope from the project

20 to 40

Assume acreage under construction is the
average annual incremental increase in
urban acreage; apply costs for a typical
erosion control program for a
construction site. The estimated capital
cost and operation and maintenance cost
for construction erosion control is $250 to
$5,500 and $250 to $1,500 per acre
under construction, respectively

Materials storage and runoff control
facilities

Enclose industrial storage sites with
diversion; divert runoff to acceptable
outlet or storage facility; enclose salt
piles and other large storage sites in
crib and dome structures

5 to 10

Assume 40 percent of industrial areas are
used for storage and to be enclosed by
diversions; assume existing salt storage
piles enclosed by cribs and dome
structures. The estimated capital cost of
industrial runoff control is $2,500 per
acre of industrial land. Material storage
control costs are estimated at $75 per
ton of material

Stream protection measures

Provide vegetative buffer zones along
streams to filter direct pollutant runoff
to the stream; construct streambank
protection measures, such as rock
riprap, brush mats, tree revetment,
jacks, and jetted willow poles, where
needed

5 to 10

Apply a 50-foot-wide vegetative buffer
zone on each side of 15 percent of the
stream length; apply streambank
protection measures to 5 percent of the
stream length. Vegetative buffer zones
are estimated to cost $21,200 per mile of
stream and streambank protection
measures cost about $37,000 per stream
mile

Pesticide and fertilizer application
restrictions

Match application rate to need;
eliminate excessive applications and
applications near or into surface
water drainageways

0 to 3

Cost included in public education program

Critical area protection

Emphasize control of areas bordering
lakes and streams; correct obvious
erosion and other pollution source
problems

Indeterminate

Indeterminate

aNot all control measures are required for each subwatershed. The characteristics of the watershed, the estimated required level of pollution reduction needed to
meet the applicable water quality standards, and other factors will influence the selection and estimation of costs of specific practices for any one subwatershed.
Although the control measures costed represent the recommended practices developed at the regional level on the basis of the best available information, the
local implementation process should provide more detailed data and identify more efficient and effective sets of practices to apply to local conditions.
bThe approximate effectiveness refers to the estimated amount of pollution produced by the contributing category (urban or rural) that could be expected to be
reduced by the implementation of the practice. The effectiveness rates would vary greatly depending on the characteristics of the watershed and individual diffuse
sources. It should be further noted that practices can have only a “sequential” effect, since the percent pollution reduction of a second practice can only be applied
against the residual pollutant load which is not controlled by the first practice. For example. two practices of 50 percent effectiveness would achieve a theoretical
total effectiveness of only 75 percent control of the initial load. Further, the general levels of effectiveness reported in the table are not necessarily the same for all
pollutants associated with each source. Some pollutants are transported by dissolving in water and others by attaching to solids in the water; the methods
summarized here reflect typical pollutant removal levels.
cFor highly urbanized areas which require retrofitting of facilities into developed areas, the costs can range from $400,000 to $1,000,000 per acre of storage.
Source: SEWRPC.
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Table G-2
ALTERNATIVE GROUPS OF DIFFUSE SOURCE WATER POLLUTION CONTROL MEASURES
PROPOSED FOR STREAMS AND LAKE WATER QUALITY MANAGEMENT
Pollution
Control Category
Basic Practices

Additional Diffuse
Source Control
Practicesc

Level of
Pollutiona Control

Practices to Control Diffuse Source
Pollution from Urban Areasb

Practices to Control Diffuse Source
Pollution from Rural Areasa

Variable

Construction erosion control; onsite sewage
disposal system management;
streambank erosion control

Streambank erosion control

25 percent

Public education programs; litter and
pet waste control; restricted use of
fertilizers and pesticides; construction
erosion control; critical areas protection;
improved timing and efficiency of street
sweeping, leaf collection, and catch basin
cleaning; material storage facilities and
runoff control

Public education programs; fertilizer
and pesticide management; critical area
protection; crop residue management;
chisel tillage; pasture management;
contour plowing; livestock waste control

50 percent

Above, plus: Increased street sweeping; improved street maintenance
and refuse collection and disposal;
increased catch basin cleaning; stream
protection; increased leaf and vegetation
debris collection and disposal; stormwater
storage; stormwater infiltration

Above, plus: crop rotation; contour
strip-cropping; grass waterways;
diversions; wind erosion controls;
terraces; stream protection

75 percent

Above, plus: An additional increase in
street sweeping, stormwater storage and
infiltration; additional parking lot
stormwater runoff storage and treatment

Above, plus: Base-of-slope detention
storage

More than 75 percent

Above, plus: Urban stormwater treatment
with physical-chemical and/or disinfection
treatment measures

Bench terracesb

aGroups of practices are presented here for general analysis purposes only. Not all practices are applicable to, or recommended for, all lake
and stream tributary watersheds. For costing purposes, construction erosion control practices, public education programs, and material
storage facilities and runoff controls are considered urban control measures and stream protection is considered a rural control measure.
bThe provision of bench terraces would exclude most basic conversation practices and base-of-slope detention storage facilities.
cIn addition to diffuse source control measures, lake rehabilitation techniques may be required to satisfy lake water quality standards.
Source: SEWRPC.
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