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Abstract

The objective of this paper is to demonstrate that a growing water quality-
related problem in coastal waters—increased non-point-source pollutant load
ings—not only can be substantially reduced through use of nonstructural best
management practices, but that this non-structural approach is significantly less
expensive and more effective than the array of structural techniques that have been
receiving wider application in recent years. One particular nonstructural approach to
non-point source water qualitymanagement, minimum disturbance/minimum mainte
nance, is described in some detail below. A case study using hypothetical "Coastal
County" has been developed. A cost comparison between non-structural and
structural techniques in this hypothetical county has been set forth, demonstrating
the marked cost-effectiveness of the non-structural approach.

Introduction

U.S. coastal and near-coastal waters suffer from a variety of quality
problems. Although substantial data gaps make thorough analysis of water quality
and water quality trends difficult, coastal water quality problems have been docu
mentedthatarereflected inthe algal blooms anddissolved oxygensags observedin
recent years in coastal waters. Furthermore, if the water quality data record was
more complete, other water quality problems in all likelihood would be detected.

A number of coastal areas, including Chesapeake Bay, New York Bight, and the
Louisiana coast have experienced eutrophication and/or hypoxia in recent
years. ... Many of the environmental quality problems affecting the Nation's
estuaries stem from natural and human-induced pollution produced both within
and upstream of EDAs (estuarine drainage area). Both can affect dramatically
the biological productivity of estuarine waters, as well as reduce the appeal of
these environments for living and recreating. Beach closures, fish consumption
advisories, and evidence of toxic substances in sediments and fish tissue are all
indications of pollution-related declines in the quality of estuarine and coastal
waters (NOAA, 1989a). (NOAA, 1990, p. 11.)

Water quality in coastal systems is a function of both point and non-point
sources of pollution. In recent years, substantial effort has been put forward to up
grade the point sources discharging into coastal waters, especially municipal sewage
treatment plants. In the process, large newsecondary sewage treatment plants have
been constructed, often regional in nature, that have eliminated major sources of
bacterial and organic contamination of rivers, estuaries and bays. Most of these new
plants have substantially increased treatment capacity, which has accommodated, if
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not promoted,a surge of growth and development in recent years. Available sewage
treatment capacity from these municipal treatment plants will be able to serve
additional growth in the future as well. These new sewagetreatment plants typically
discharge their wastewater effluents directly into the ocean, typically 1,000 ft. or
more offshore. Even these new plants, however, fail to remove substantial quantities
of nutrients, phosphorus and nitrogen from wastewater during treatment.

Exacerbating the problem is that this increased sewage treatment capacity
also tends to accelerate and induce land development, further increasing important
non-point-source pollutant loadings (nutrients and others) to coastal waters. This
long-acknowledged growth stimulation tendency of excess wastewater treatment
plant capacity is amplified in coastal regions by a set of larger dynamics that are
already at work, shifting people and jobs to coastal areas nationwide. Although
reasons for this migration to the coast are not totally obvious, this migration far
transcends simple vacationing at the shore during summer months. The migration
includes year-round residential dwelling units, development of an employment base,
schools and other facilities and services—far more significant than high-rise hotels
along boardwalks. The preponderance of this new development area-wise is
occurring on mainland areas, which also are located within coastal drainage areas.
Aerial photos reveal large expanses of new development extending inland from the
coastline. These expanses are the sourceof ever-increasing quantities of non-point-
source pollutant loadings, which ultimately are transported into coastal waters.

Non-point-source pollution is a watershed-wide phenomenon; most
pollutants are scoured from the land surface and transported by stormwater. Non-
point-source pollutants are both soluble and particulate, with soluble forms tending to
be transported much greater distances once dissolved into the water column. Par
ticulate pollutants tend to settle out, although they still can be resuspended and
moved considerable distances over time. Impervious surfaces, especially paved
areas, tend to produce the highest levels of particulate non-point-source pollutants,
although impervious areas also can generate some soluble loadings. Traditionally,
non-point-source pollution in urban areas has beenthought of primarily in particulate
terms—as runoff from parking lots and streets carrying metals, hydrocarbons, and
other matter. These non-point sources are vital to manage but are only part of the
non-point-source problem. Increasingly, expanses of new development generate
large amounts of soluble nutrients, pesticides and herbicides, continuing year after
year after construction Is completed and the site is stabilized.

Chemicals, especially nutrients such as nitrogen and phosphorus, arebeing
applied in ever-increasing amounts throughout expansive areas of maintained land
scape—the lawns and gardens accompanying the residential and nonresidential
development occurring throughout coastal watersheds. During rains, considerable
fractions of these chemicals wash off directly into surface waters and infiltrate the
groundwater, facilitated by large-particle-size sandy soils and the quick inter
connection between the ground and surface water systems. In either case, these
chemicalsenter the surface watersystem, and coastalwaters become enrichedand
degraded.

Part of the dilemma in coastal watersheds is related to the soils and
geology of much of the coastal watershed area, which allow for many landscaping
chemicals to pass so rapidly through the ground and into the surface water system.
The large-particle sandy soils found here promote rapid infiltration of stormwater and
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then an equally rapid movement from the shallow aquifers and into the surface water
system. Pollutant loadings enter back bays and estuaries, causing diverse water
quality problems; they ultimately are discharged through inlets into nearshore ocean
waters where the problems continue. The soluble non-point-source pollutants, such
as nitrogen from fertilizer applications, tend not to settle out but to continue moving
through the system, promoting algal blooms and dissolved oxygen problems, for
example. Of course, the complete water quality picture is infinitely more complicated
than is being described here. Problems of atmospheric deposition are of growing
importance and concern. Illegal discharges of all sorts from recreational boating
occur; even the presence of large wildlife populations can add to pollutant loadings.

Another part of the dilemma is that maximum allowed densities of mainland
development tend to decrease significantly with distance from the shoreline itself.
Many communities, facing increased development pressure, have attempted to limit
densities and keep lots—and lawns—as large as possible. The result has been that
ever-larger areas of coastal watersheds are being converted to maintained areas to
which fertilizers, pesticides and herbicides are applied in ever-increasing amounts
year after year. The ongoing nature of this pollutant source stands in stark contrast
to the problem of erosion control during the construction phase. Given the external
development pressures impingeing upon coastal watersheds, the ironic effect is that
larger and larger areas are being consumed and converted to land-cover conditions
that generate such non-point pollutants. To recapitulate, it is not only the impervious
areas associated with land development that cause water quality problems; the
pervious areas, which have not been of great interest in the past, pose increasingly
serious problems.

Unfortunately, these chemical applications in and around developed areas,
which generate non-point-source pollution, are expected to increase rapidly. As
serious as this problem of chemical applications might be, prospects for the future
are grim. These prospects are related largely to growth and development projections
that have been prepared for coastal watersheds. Most coastal states have been
experiencing and are expected to continue to experience an in-migration. The exact
reasons for this in-migration are not altogether clear. Nevertheless, the trend is quite
real and far transcends the historical tendency for recreational and seasonal
development to predominate in so many shore communities.

Many of the Nation's coastal areas are under increasing pressures from popula
tion growth and related development. About 110 million people^almost one-half
of our total population—now live in coastal areas. By the year 2010, coastal
population will have grown from 80 million to more than 127 million people, an
increase of almost 60 percent nationwide. Some states, including Florida, will
have increased more than 200 percent. (Culliton et al„ 1990, p. 1.)

The NOAA reportdevelops an arrayof interestingstatistics:

Seventeen of the 20 states with the largest statewide population increases are
coastal. ... Eight coastal counties in California and Florida will be in the top 10
counties in absolute population change between 1988 and 2010. ... By 1988,
population density in coastal counties reached 341 persons per square mile,
more than four times the U.S. average. Population density in coastal areas is
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expected to increase as more people continue to move into this limited space.
(Culliton et al., 1990, p. 4)

These growth statistics relate exclusively to year-round population and are
not affected by seasonal and recreation-linked growth and development. This de
velopment will occur in addition to year-round residential and non-residential
development. With point-source discharges increasing as well, theworst may well be
yet to come in terms of coastal water quality.

Structural Best Management Techniques

Different approaches to reducing non-point-source pollutant include both
structural and non-structural management measures. For the past 20 years, the con
ventional approach to stormwater management in new developments has been
control of the peak rate of runoff through use of detention basins. In recent years,
this concept of detention basins has been modified, with engineers attempting to
improve pollutant removal capability through making these dry detention basins into
wet basins (also called retention basins) with permanent pools ofwater, where more
pollutants settle out. Adding wetland vegetation species to the wet basin design
removes more pollutants. Afew artificial wetland systems have been constructed for
stormwater management in which stormwater is retained for several days, possibly
evenweeks. Other designs have utilized infiltration techniques, the objective being to
put any stormwater generated back into the ground as close to the source as
possible. Examples of infiltration include porous pavement built over stone-filled
recharge beds, infiltration basins, dutch drains, and other techniques. All of these
relatively recently developed techniques are included under the category of structural
management techniques, where some sort of facility is constructed to remove
pollutants already loaded andto reduce stormwater already generated.

Structural management techniques usually occur ona site-by-site basis and
include wet ponds (retention basins); artificial wetlands; infiltration basins, trenches,
and dutch drains; and detention basins. In the few cases where non-point-source
pollution has been taken seriously, these structural techniques typically have been
the practices used most often (although experience with these structural techniques
is increasing rapidly, their application and use have not been studied over an
extended period oftime, in numerous different settings, by a variety ofresearchers).
Of course, some structural BMPs work better than others; some have certain site
requirements; and some are more expensive toconstruct and operate than others.
In all cases, however, the essence of the structural technique is the same—some
sort of facility is designed, engineered and constructed to solve a problem, namely,
to remove pollutants that have already become a part of the runoff or to recharge
stormwater that has run off of a surface that has been made less pervious.

Non-Structural Techniques:
Minimum Disturbance/Minimum Maintenance,
A Non-Structural Example

A different option-ttie focus of this paper—involves the non-structural ap
proach to managing non-point-source pollution. The non-structural approach by
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definition is preventive. The essence of the non-structural approach to stormwater
management is to intervene early in the management process, even before the
stormwater problem has been created—before the volumes of runoff have increased
and non-point-source pollutants have been created and introduced into the envir
onment's surface and groundwaters. Because of their intervention and preventive
nature, non-structural techniques have the potential of being both more effective in
terms of pollutant removal capability as well as significantly less expensive to
implement than most other structural techniques.

Different non-structural management approaches can be developed.
Minimum disturbance/minimum maintenance site development is one such
management technique that was developed to reduce, if not eliminate, stormwater
impacts associated with developing areas. Minimum disturbance/minimum main
tenance is a term assigned to a highly conservative approach to site development, in
which clearing and site grading are allowed only within a carefully prescribed
building envelope. It avoids newlandscapes, created at great expense, that typically
include proliferations of non-native plant species. These same created landscapes
require substantial amounts of water, nutrients, and pesticides and herbicides (and
money and time) to keep them in good condition. The transformation of land cover
from forest into lawns or other high-maintenance vegetated areas also increases
runoff volumesand peakdischarge rates. In terms of water quality, minimum disturb
ance/minimum maintenance avoids the non-point-source impacts associated with the
chemical applications of fertilizers, pesticides, and herbicides resulting from land
development.

The minimum disturbance/minimum maintenance zone of disturbance
includes the area required for proposed structures and any related utilities,
driveways and walks. Areas outside of the disturbance zone are left in natural
vegetation. Following construction, disturbed areas immediately adjacent to the
structure and driveways and walks are revegetated with indigenous species that
require minimal or no maintenance. The completed site does not require ongoing
fertilization orapplications of herbicides and pesticides, although some minimal level
of maintenance and selective cutting may be appropriate seasonally. Lawns are not
permitted; special plantings may be accommodated through containerization. In
summary, the minimum disturbance/minimum maintenance concept has evolved pre
ciselyto prevent non-point-source problems. The approach can and shouldoverlie a
natural drainage system protection plan, in which disturbance or construction would
not be allowed within drainageways and adjacent buffer zones in any case. In such
a context, natural areas left intact as the result of minimum disturbance/minimum
maintenance would reinforce the natural functions of the drainage system. In a
sense, minimum disturbance/minimum maintenance is the logical extension and
refinement of the natural drainage system preservation concept.

Several additional points regarding minimum disturbance/minimum
maintenance need to be emphasized. The minimum disturbance/minimum
maintenance approach offers great promise from a user perspective. Elimination of
costly and time-consuming maintenance requirements such as lawn-mowing should
be a boon to coastal property owners. Presumably, recreationally oriented users
want to be freed of as many ownership maintenance responsibilities as possible, in
cluding ongoing lawn fertilization and spraying. To the extent that development is
retiree-oriented, elimination of many of these responsibilities should be especially
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attractive. Secondly, although the natural landscape may at first appear unconven
tional and unaesthetic to some, the beauty of the natural vegetation will come be
appreciated in time. Thirdly, this technique, when viewed within the context of
different non-structural program options available, offers a remarkable degree of
effectiveness while avoiding many of the drawbacks of more far-reaching planning
and growth management programs. Institutions and agencies in other non-point-
source management contexts have optedto identify environmentally sensitive areas
and critical areas within coastal drainage and have attempted to prevent or minimize
development within them. However, the potential for such programs to provide
broad, watershed-wide coverage within an impacted estuary or coastal system is
limited. Minimum disturbance/minimum maintenance provides watershed-wide man
agement, while accommodating development with a minimum of water quality
impact.

Again, this evaluation of non-structural measures focuses on a subset of
the total non-point-source water quality problem—the generation of nutrients,
pesticides, and herbicides from maintained lawns and other portions ofthe pervious
landscape. Nevertheless, this non-point problem is becoming an increasingly critical
part ofthe total water quality problem in coastal waters. In terms ofa comprehensive
management program, structural management practices also must be used when
the non-structural approach is inappropriate.

Pollutant Generation and Pollutant Removal Effectiveness
of Non-Structuraland Structural Best Management Practices

To develop the cost comparison between the non-structural and structural
practices under study here, measures ofboth pollutant generation and pollutant re
duction effectiveness have been established. These measures are empirically based
when possible but also require a variety of assumptions regarding coastal
watersheds in many areas.

Studies of potential production of non-point-source pollutants from different
land uses and vegetative covers have been developed, but little of this information
has been developed within coastal drainage systems. The various estimates of
pollutant loading, ormass transport produced per unit area of drainage onan annual
basis, reflect numerous assumptions and conditions. The available estimates also
tend to be grouped by land uses and impervious cover percentages, such as
"residential, 40-percent impervious cover." Many sources suggest that a linear
relationship exists between impervious cover and pollutant production, with non-
point-source loadings increasing as impervious cover increases. Such a relationship,
however, is not consistent with the fact that, as the percentage of impervious cover
increases with any given type of land use, the absolute amount of fertilized and
maintained land per unit area decreases. In fact, recent studies of the New Jersey
coastal zone (Cahill Associates, 1991) suggest that the maximum production of
certain non-point-source pollutants, nitrogen and phosphorus, occurs when the
impervious cover percentage is about 40 percent in single-family residential land
use. In terms ofnon-point-source nutrient generation, percent pervious or amount of
area being maintained is a better measure of nutrient production in the context of
single-family land use.
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Furthermore, simply classifying a land area as residential fails to consider
the degree of land maintenance and chemical application. For example, in the mid-
Atlantic coastal setting, much residential development occurs on unconsolidated
coastal plains with sandy soils, which must be frequently fertilized and watered if a
viable lawn is to be maintained. For New Jersey, fertilizer application on coastalsoils
averages 129 Ibs/ac/yr for total nitrogen and 33 Ibs/ac/yr for total phosphorus. In the
"Coastal County" example presented below, given the density assumptions used in
this analysis, approximately 80 percent of a new single-family residential
development lot would be maintained and fertilized. Therefore the amount of non-
point-source pollution potentially generated would be less (103 Ibs/ac/yr for total
nitrogen and 26 Ibs/ac/yr for total phosphorus).

Unfortunately, total nitrogen and total phosphorus delivery into coastal
waters have not been measured. Some fraction of the applied fertilizer ultimately
enters coastal waters, through either direct runoff or indirect movement into the
groundwater and then into ocean waters (to the extent that nutrient applications are
efficient and are consumed byvegetation, pollutant loadings are decreased). Using a
conservative estimating methodology in this study, a uniform pollutant loading factor
has been assumed at a rate of 8.7 Ib/ac/yr for total nitrogen and0.9 Ib/ac/yr for total
phosphorus (Table 1). Assuming the validity of the application loadings given above
(103 Ibs/ac/yr for total nitrogen and 26 Ibs/ac/yr total phosphorus), less than 10
percentof the total application rate of nitrogen assumed here enters coastal waters;
only 4 percent of the total phosphorus application rate used here is assumed to
enter coastal waters. Because the pollutant delivery rates used in this analysis are
extremely conservative (i.e., low), delivery rates several times as great probably hold
true for areas with particularly sandy soils, typical of many coastal watershed areas.

In terms of pollutant removal effectiveness of the different management
practices, the non-structural minimum disturbance/minimum maintenance practice is
expected to achievecomplete pollutant removal effectiveness (100 percent, as listed
in Table 1) in terms of the nutrients nitrogen and phosphorus, as well as all of the
other non-point-source pollutants that result from land maintenance, such as
pesticides and herbicides. In a sense, pollutantremoval effectiveness is a misnomer
in this case, as these pollutants are not generated or loaded in the first place. The
basic assumption of this analysis is that the minimum disturbance/minimum
maintenance approach will eliminate fertilizer applications as assumed above in the
pollutant loading analysis. For the purposes of this comparison, only nutrient
loadings and removal rates have been included. Ofcourse, other pollutant loadings
not related to landscape management throughout pervious areas will not be affected
by the minimum disturbance/minimum maintenance option. This also means that the
forms of nitrogen and phosphorus generated from impervious surfaces will still be
contained in urban runoff. In addition, some background amounts of suspended
solids and organic matter will continue to be generated from the landscape, even
when the minimum disturbance/minimum maintenance practice is applied. The
Coastal County scenario established here for cost comparison is based on
moderate-density, single-family residential development, which can be expected to
generate minimal quantities of these other impervious area-related pollutants.

Major categories of structural BMPs are considered in Table 1 for com
parison with non-structural BMPs. While these represent general groups of
measures, such as infiltration technologies, many variations are possible for any
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given method. Variations in design can greatly influence the effectiveness of non-
point-source pollutant removal by any given structural technique. Overall, the
pollutant removal factors used here for structural techniques are reasonably high and
assume effective installation and maintenance practices, again in order not to bias
the comparison in favor of the non-structural approach. Infiltration technologies have
been demonstrated to be reasonably efficient nitrogen removers (assumed here at
50 percent) and extremely effective phosphorus removers (90 percent; total removal
is probably somewhat optimistic); these removal rates can be expected to be very
much linked to soil properties, such as its cation exchange coefficient rating. Rates
of removal much greater than 50 percent for even solubilized nitrogen can be
accomplished with heavy, small-particle soils with high cation exchange coefficients.

Constructed or artificial wetlands also have high percentage removal values
(70 percent for total nitrogen and 90 percent for total phosphorus), primarily because
included here is the assumption that harvesting of biomass generated in the wetland
by added nutrients will be required for nitrogen and phosphorus removal. In practice,
virtually all of the wetland systems used for stormwater management do not use any
sort of biomass harvesting and removal. If these systems are assumed to be the
model for this structural technique, then non-point-source pollutant removal efficiency
greatly decreases, as do the operating and maintenance costs. For wet
ponds/retention basins, pollutant removal percentages are not as great. Use of wet
ponds/retention basins here does not assume any kind of biomass removal program;
therefore, wet ponds are less efficient over the long term as non-point-source
reduction measures. Also, wet pond efficiencies given here assume that 10 wet
ponds will be constructed on a site-by-site basis. These ponds will be viable
systems; however, enhanced pollutant removal efficiencies achieved through larger
systems (i.e., a system of areawide wet ponds for Coastal County) has not been
assumed here, given the added institutional and other complexities of an area-wide
system. Traditional detention basins have removal rates of 20 percent for total
nitrogen and 30 percent for total phosphorus.

Table 1 combines pollutant loading rates with these pollutant reduction
effectiveness percentages. The final column in Table 1 applies these pollutant
reduction effectiveness proportions to the 500 acres/500 units of residential land
development being hypothesized for Coastal County (see discussion below) on a
yearly basis for an estimate of the water quality benefit being achieved by the
different management practices.

Costing Methodologies

The overall study methodology developed for this report has been designed
to test the different costs and levels of pollutant removal effectiveness of several
structural approaches and one specificapproach to non-structural practices for non-
point-source pollutant reduction. Most important are the relative differences in cost-
effectiveness results, rather than the absolute size of the numbers. Assumptions
used have been conservative; unit costs developed for quantities of pollutants
removed may appear to be high. These results, and the methodology itself, should
be adjusted if absolute costs are of prime concern and if, for example, the question
being evaluated is whether or not to reduce non-point-source pollutant loadings in
the first place. This report assumes that reduction in non-point-source loadings is
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necessary; the concern here is how to achieve this reduction in the most cost-
effective way.

Comparison of structural stormwater management techniques implemented
typically on a site-specific of unit area basis to non-structural stormwater manage
ment approaches is made difficult by their lack of comparability in many respects.
How does one reasonably compare arrays of infiltration basins and wet ponds at
specific sites with planning programs that tend to be so much more "macro" in
scope? Structural non-point-source management practices can be assessed
individually in terms of their pollutant removal effectiveness and their respective
costs, whereas non-structural practices are much more difficult to evaluate in these
and other ways. Structural techniques tend to be quite site-specific, allowing
construction costs to be identified relatively specifically. Whereas the non-structural
minimum disturbance/minimum maintenance program becomes area-wide with cost
elements (such as program staffing) hardly comparable to site-specific structures.
Many assumptions must be made inorderto arrive at an objective, apples-to-apples
comparison. These assumptions, detailed at some length below, have been
established carefully so as not to skew results toward the minimum disturbance
option.

Because the non-structural minimum disturbance/minimum maintenance ap
proach requires creation of a program with a particular geographical jurisdiction for
implementation, we have established herea scenario-^a hypothetical coastal county
in a hypothetical slate—where a minimum disturbance/minimum maintenance pro
gram has been hypothesized. Costs and effectiveness have been estimated and
converted to a unit basis so as to be comparable with costs and effectiveness of
alternative structuraltechniques.

Non-Structural: Minimum Disturbance/Minimum Maintenance Costing Methodology

In orderto makesuch a structural to non-structural comparison, the Coastal
County scenario must be further refined. Additional assumptions must be made. In
further developing this scenario, we have intended todevelop a Coastal County that
is typical of many of the counties in coastal drainage. Coastal County assumptions
include:

Coastal County is experiencing moderate development pressure, translating into
average population growth of 2,500 persons per year. Such an increase of
25,000 persons overa 10-year time period, at minimum, is certainly being expe
rienced by many coastal counties throughout the United States. In general,
growth in New Jersey counties is considerablygreater and would translate into
significantly moredevelopment than is assumed in this comparison. Because of
the program nature of the non-structural approach and because the non
structural program of minimum disturbance/minimum maintenance relies
substantially on an array of fixed expenditures, which to a large extent will re
main constant regardless of the number of new'developments occurring, these
development assumptions are conservative. If more growth occurs, non
structural unit-costs decrease.
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This annual Coastal County growth translates into land development as follows:
10 residential subdivisions at 50 acres per subdivision (500 dwelling units on
500 acres gross at a 20-percent impervious ratio; actual building lots would
average two-thirds of an acre). Again, these numbers should be understood as
averages; real-world variability shouldnot change the nature of the conclusions
reached here. The minimum disturbance/minimum maintenance program is
applied specifically to these 10 single-family residential developments. Also, an
additional 10 developments totaling 500 multi-family dwelling units will be
developed on 100 acres (five units per acre at 40-percent impervious). An
additional 30 commercial, industrial, and institutional projects on another 150
acres at 40-percent impervious alsowill be developed. In total, 50 different land
developments will be constructed inCoastal County on 750 acres. Certainly, the
minimum disturbance/minimum maintenance program could be extended to the
multi-family and non-residential developments as well, further distributing fixed
program costs across a larger base of projects and thereby reducing unit costs.
Factors such as the character of the proposed developments, site constraints
(e.g., no existing vegetation), and preferences of the developers can be
expected to limit application of the minimum disturbance/minimum maintenance
program. To facilitate understanding of the Coastal County scenario, however,
we have assumed that the program would be applied only to the 10 single-
family residential subdivisions.

Coastal County has in place a development approval process where site
development plans must be submitted and approved to the County. Coastal
County requires application of non-point-source management practices for effec
tive water quality management, eitherusing structural techniques, as necessary,
or the minimum disturbance/minimum maintenance program.

Minimum disturbance/minimum maintenance costs incurred result from the
Coastal County minimum disturbance/minimum maintenance implementation
program, the annual costs of which are estimated below. In all likelihood, the
implementation program office hypothesized here would become an additional work
function to be included in an existing land development review process. Although
this implementation program could be performed by existing Coastal County staff,
the costing methodology developed here assumes the hiring of new properly trained
staff with its own program budget. Added program implementation tasks would
include ensuring that developers properly and fully integrate the requirements of
minimum disturbance/minimum maintenance into their respective site plans. Also, a
monitoring task would be necessary during construction to guarantee that the non
structural management practice was being followed. Implementation program costs
will be incurred each year and may be viewed as the annual operating costs of this
non-structural management approach. These costs are estimated here to be ap
proximately $110,000.ln order to initiate the minimum disturbance/minimum
maintenance implementation program, a lump-sum expenditure of $50,000 has been
assumed for initial studies and the establishment of implementation program
requirements for Coastal County. Although federal agencies such as the
Environmental Protection Agency would be able to provide general guidelines and
technical support regarding the overall minimum disturbance/minimum maintenance
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philosophy and approach, specific tailoring to the Coastal County context will be
necessary. Study tasks would include preparation of ordinance amendments, lists of
indigenous plant species and adjustments in program requirements to be compatible
with local building practices. Theoretically, such start-up costs should be amortized
over the reasonable life of the program, just as capital costs of structural
management practices must be amortized over their respective economic lives. In
this case, however, we haveincluded this sizable expenditure as a yearly cost. In so
doing, this added pool of funds should provide a reasonable cushion for work not
completed during the first year of program operation, for any other unforeseen costs
to be covered, and for regional cost differentials to be absorbed.

In summary, creation of a new Coastal County minimum disturb
ance/minimum maintenance implementation program office has been hypothesized
to implement this site development concept. Ten single-family residential
development proposals would be processed as part of the program, applying this
minimum disturbance/minimum maintenance site development concept. Program
administrative/technical staff would be hired to implement and oversee the minimum
disturbance/minimum maintenance implementation program. These staff actually
could be located in a planning commission office or another office involved in devel
opment review and permitting. In this sense, the office should be thought of as an
added reviewing function, occurring above and beyond reviewing that already is
required. Developers using this approach would contact office staff and pursue a
particular process established for program implementation. This process would result
in the development proposal's compliance with the requirements of the minimum
disturbance program. An important element in this interchange with developers
would be communication and information exchange. One professional staff plus
support person would be able to accommodate such a program withannual costs as
follows:

Professional staff $60,000
Support staff 30,000
Office space 15,000
Office expenses 5,000

Total $110,000

The manner in which this process occurred could vary to some extent,
county by county, state by state. The process would reflect county size, the
framework of government agencies, techniques of governance, and numerous other
factors. Costs would vary as well. These specific aspects of the program would be
established by the initial studies and establishment of program requirements, as dis
cussedabove. Nevertheless, this level of staffing should be able to provide adequate
service to 10 development projects during the course of one year. A considerably
larger number of projects probably could be processed. Also, as experience is
gained by the office staff and the minimum disturbance/minimum maintenance
concept is better understood by the development community, the need for office
services can be expected to decrease as the result of increased program operation
efficiencies.
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Thus, the application of one program for non-structural management of
non-point pollution sources would represent a cost of about $160,000 per year, as
suming an ongoing planning and review program. These costs have been entered
into the appropriate columns in Table 2. If these program costs aredistributed solely
across the 500 acres of single family residential development assumed to occur in
Coastal County, the unit area cost would be $320 per total acre developed
(assuming that only 80percent of this area, or400 acres, would be pervious, then
the unit cost increases to $400 per acre).

Structural Best Management Practices: Costing Methodology

Table 2 provides cost estimates for both non-structural and the various
structural non-point-source management practices. Structural techniques have been
estimated on a unit basis, in this case based on cost per cubic foot of stormwater
being managed. For structural techniques that must increase in size and expense
with amounts of stormwater being managed, this quantitative measure is a logical
way to address unit costs. Additionally, cost estimates must be approximated here.
Actual site-specific factors will influence unit costs substantially, either increasing or
decreasing the costs given here.

Most of the available data on cost for stormwater management facilities is
limited tocapital construction costs, and much of that information deals with deten
tion basins, for which exists a greater record of experience. Most cost analyses have
focused exclusively on construction/installation costs and have failed to include a
variety of other relevant cost factors included in the comparison here. For example,
a major difference between surface basins, wet or dry, and larger infiltration BMPs,
such as porous pavement with underground recharge beds, is that surface systems
require allocation of valuable land for BMP installation. With recharge designs, many,
if not most, systems become an integral part of the site design and space is used
jointly, as in the case of recharge beds situated beneath parking areas, culs-de-sac
or othersite features. Valid comparison between these BMPs must include this cost
of site land area. This land evaluation is fairly straightforward in most development
projects because installation of surface basins usually results in a loss in subdivided
lots or buildable land area, with a given market value. For the Coastal County
scenario used here, this cost of land applied to surface impoundments is estimated
to be the elimination of two lots, each with a value of $50,000, for each of the 10
developments anticipated. This adds a land cost of $1 million to the base
construction cost per year.

Also, with anysurface structure orbasin, stormwaters must be conveyed to
the appropriate location onthesite by means of a systems of inlets and storm sew
ers. This conveyance system is a significant part of site development costs and
frequently costs more than the basin construction. In the Coastal County case study
under consideration, the cost per basin is estimated to be $100,000 and includes
this infrastructure cost. For the developments hypothesized, two such basins per
site, and 10 sites per year, add up toa capital cost of $2 million per year, and a total
cost for the least expensive BMP, dry basins, of $3 million per year in Coastal
County.

Again, only the single-family residential component of new growth
hypothesized for Coastal County is assumed to be managed in this cost-comparison
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analysis. For structural techniques, the total volume of stormwater subject to design
criteria must be estimated. This volume is derived from several criteria frequently
used to estimate surface basin volume storage and recharge system bed storage:
retention of the net differential increase in a design storm (perhaps the "100-year"
storm), or retention of the total post-development volume for a storm of much
greater frequency, such as the one-year storm. This number varies greatly in
different hydrologic regions, of course, but if a mid-Atlantic setting for Coastal
County is assumed, then we mightanticipate the need to store or detain some three
inches of runoff for each new areaof impervious surface generated. In the assumed
case study, this translates into about 100,000 cubic feet of stormwater per Coastal
County development of 50 acres each with 20-percent impervious cover, or one
million cubic feet of storage required. Although this amount will vary greatly, as long
as the assumption made is uniform, the relative comparison among BMPs will be
valid.

Thus the dry basin structural BMP reflects a total development cost of $3
million to manage some one million cubic feet of stormwater per year in our 10 new
developments, for a unit cost of $3 per cubic foot, as shown in Table 2. For the
infiltration technologies that are fully comparable with retention basins, capable of
storing the full volumes estimated in this example, the unit costs are derived from
the data that are not yet published. The construction cost per square foot is greater
than that of the surface basin (it includes the cost of porous pavement surface);
however, the total cost is about the same, shown here as $3 per cubic foot of
storage.

For the wet basin BMP, the unit cost reflects the Initial landscaping of the
basin, the sediment removal pre-treatment step, and the increase in surface area to
accomplish a greater retention period and standing pool volume. The unit cost,again
including the land value and infrastructure elements, is estimated at $4 per cubic
foot. The constructed wetlands BMP also reflects these issues of increased volume
and retention period criteria, but in a substantially greater amount. On the other
hand, the land value of locations in which wetlands can be created is generally less
from a development perspective, with high water table and poor drainage conditions
reducing the value of finished land. For this BMP, a unit cost of $5 is estimated,
although the actual experience record is almost non-existent for the design
proposed, which includes provisions for biomass removal.

Column 3 in Table 2 amortizes total construction costs over an assumed
30-year economic life of the facilities. For example, amortizedannual costs would be
$270,000 at 8.5 percent over 30 years for the $3 million estimated for either the
infiltration techniques or the detention basins. The percentage rate, of course, is
assumed to be constant for all management practices; economic life also has been
assumed to be 30 years for all of the structural techniques.
In Column 4, other indirect costs related to the structural BMP approach figure to be
far greater. Estimates reflect costs of continuing those land maintenance practices
that would be made unnecessary by the non-structural BMP—growing and
maintaining a lawn and other landscaping. If these costs are included in the cost
comparison, all structural BMPs become much more expensive. Inclusion of this cost
category requires the making of more assumptions regarding the Coastal County
scenario. Most importantly, the structural approaches all assume that the 500 new
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single-family homes will receive conventional maintenance practices for new lawns
and landscaped areas.

If residential lots are assumed to be about two-thirds of an acre in size, the
do-it-yourself conventional maintenance option on such a residential lot would be a
conservative $200 per year for fertilizer, insecticides and herbicides with annual
equipment amortized at about $200. This minimum of $400 per dwelling unit for
conventional maintenance practices totals $200,000, not entering any value for the
100 hours of mowing and general landscaped area upkeep per year per dwelling
(total of 5,000 hours of owner labor for 500 homes). At the other end of the
spectrum, these fees would increase to $1,300 per dwelling unit, if chemical
application is supplied by a contracting service ($400 per year for six applications)
and lawn mowing is contracted out($900 per year), for a total of $650,000. In other
words, these indirect annual costs range from another $200,000 to $650,000 for the
500 single-family dwelling units, above and beyond the amortized capital and
operating costs, which range from $270,000 for dry detention basins and infiltration
practices to $450,000 for artificial wetlands. In Column 5 of Table 2, the operating
and maintenance expenses (O&M) of each BMP are estimated. This annual
expenditure reflects thecost ofsupporting a non-structural program (see text above),
maintaining porous pavement surfaces, removal of macrophytes and algae from
constructed wetlands, or the removal of sediment from detention/retention basins.
For the detention basin BMP, annual operating/maintenance costs for the 20
stormwaterstructures located in 10 different locations is estimated to be $80,000 in
total (i.e., approximately $4,000 per facility; includes periodic inspections plus basin
maintenance, sediment anddebris removal, andall other necessary tasks).Costs for
wet basins are somewhat less, as wet basins are more self-maintaining with the
exception of periodic dredging. Artificial wetlands, with harvesting/biomass removal,
require greatest upkeep.

Table 2, Column 6 makes the assumption thatdesign and engineering fees
required for the system of detention basin structural BMPs would be roughly
equivalent to the background study assumed here for minimum disturb
ance/minimum maintenance option. In all likelihood, engineering and design for any
of the structural practices would be significantly greater than for the non-structural
minimum disturbance/minimum maintenance option. For example, preparation of
plans and specifications for structural stormwater management systems often
increases total project costs by $25,000 per project, assuming that some erosion
and sediment control measures are required. Some structural techniques such as
artificial wetlands can be expected to be more costly. Costs per project have been
assumed to range from $5,000 (using either detention basins or infiltration practices)
to the $8,000 perdevelopment for artificial wetlands. These design and engineering
costs would be incurred prior to construction. As above, we are assuming that
Coastal County requires submission of development proposals for planning and
engineering review. Presumably, this capability would benecessary for a program of
structural BMPs to be installed. Costs estimated for structural practices have been
set conservatively low.

Finally in Column 7, the total of all annual costs are summarized. Totals
indicate that the least expensive structural BMP represents an annual cost ranging
from $580,000 to $1.23 million ($1,160 to $2,460 per acre) for stormwater man
agement for 500 acres of new single-family development. To simplify the cost-
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effectiveness evaluation in Table 3, only low-range figures, shown in Column 7 of
Table 2, will be used as the basis forcost comparison.

Comparison of Results between Non-Structural and Structural Approaches to Non-
Point-Source Management

Results indicate that the non-structural minimum disturbance/minimum
maintenance approach offers substantially greater pollutant removal potential at far
less cost than other structural techniques. Figure 1 illustrates the substantial differ
ences for total nitrogen removal. Table 3 combines the non-point-source pollutant
removal quantities presented inTable1 (thewaterquality benefit) and compares the
annualized cost for each management technique developed in Table 2. This
comparison allows a numeric expression of a type of benefit-to-cost ratio; in this
case, Table 3 results are expressed in terms of dollars required per pound of
pollutant eliminated or in terms of quantity of pollutant eliminated per $1,000 spent.
Again, data appearing in Table 3 should be considered in relative terms and were
developed as a basis for the comparison between structural management practices
and non-structural management practices. The absolute values of these numbers
should not be used out of this particular context.

Table 3 indicates that the non-structural management practice, defined here
as minimum disturbance/minimum maintenance, translates into an annualized cost
of $320 per acre in order to prevent the discharge of8.75 Ib/ac/yr of total nitrogen
and 0.87 Ib/ac/yr of total phosphorus from entering coastal waters. The non
structural practice costs $37/lb/yr for total nitrogen and $384/lb/yr for total phos
phorus. In reality, this expenditure of $320 per acre results in the reduction of both
the total nitrogen and total phosphorus, as well as a variety of other pollutants
(including herbicides and pesticides) that this study does not consider. In other
words, dividing the totalcost by eitherthe nitrogen totalsor phosphorustotals is not
methodologically valid in a true benefit-cost sense (ideally, the $320 should be
proportioned outamong thevarious pollutants eliminated). Practically speaking, non-
point-source management and related nutrient reduction programs usually are
focused on "limiting" pollutants, typically either phosphorus or nitrogen, where the
water quality objective becomes reduction of one or the other, adding some validity
to this simple division approach here. From another perspective, the non-structural
option of a minimum disturbance/minimum maintenance program translates into a
total annual cost of $160,000, which prevents the application into the environment of
a total of 51,500 Ib/yr of total nitrogen and 13,000 Ib/yr of total phosphorus and
prevents the estimated delivery of 4,375 lbs of nitrogen and 437 lbs of phosphorus
peryear (4,812 lbsof total pollutant loading, not counting pesticides and herbicides)
into coastal waters.

Structural BMPs like detention basins will only reduce the non-point-source
nitrogen loading by 20 percent (1.75 Ib/ac/yr) and phosphorus by 30 percent (0.23
Ib/ac/yr) at a cost of$1,600 peracre. Though detention basins, along with infiltration
practices, are the least expensive structural techniques available, detention basins
remove far less nitrogen and phosphorus and have by far the highest costs per
pound of pollutant removed (i.e., they are the least cost-effective). As seen from
Table 3, infiltration practices are most cost-effective in terms of the various structural
practices evaluated here.
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The non-structural minimum disturbance/minimum maintenance program
approach requires only a small fraction of the costs of the structural approaches.
Furthermore, the minimum-disturbance concept, if implemented properly, provides a
significantly higher order of environmental quality than even the most effective
structural technique, reflecting that structural techniques strive to remove non-point-
source pollutants after they are generated and have become part of the increased
runoff. Preservation of natural vegetation in the minimum disturbance/minimum
maintenance approach provides multiple benefits, eliminating a significant source of
non-point-source pollution as well as receiving and treating runoff from impervious
areas that otherwise would have occurred. In this case, an ounce of prevention is
worth a pound of cure—and then some.

Comparison of these statistics are dramatic and indicate to policymakers
that preventive non-structural programs are substantially more cost-effective than
structural techniques and should be given the highest priority in overall non-point-
source management program formulation. The particular non-point-source approach
developed here—minimum disturbance/minimum maintenance—is one type of non
structural program that should be investigated. Other non-structural approaches
should be developed so that the non-point-source water quality problem can be
managed as cost-effectively as possible. Programs can be developed incorporating
blends of non-structural and structural techniques. Where the non-structural ap
proach is not feasible, structural techniques should be used in tandem.
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Table 2. Comparison oftotal annualized costs. Structural and non-structural best management practices for new single-family
development in "Coastal County" (Cahill and Associates, 1992).

BMP Design/Total
O&M cost study cost annual cost
(x 1,000)* (x 1,000)' (x 1.000)7BMP

Cost per
cubic foot of

stormwater

Construction

cost

(x 1,000)'*'

Construction

cost amortized

(x 1,000)

Indirect

cost

(x 1.000)4

Minimum disturbance/

minimum maintenance

$0 $0 $0 $0

Infiltration practices $3 $3,000 $270 $200 - 650

Constructed wetlands
with harvesting

$5 $5,000 $450 $200 • 650

Wet detention basins $4

Dry detention basins $3

$4,000

$3,000

$360

$270

$200 - 650

$200 - 650

$110 $50 $160

$50 $60 $580

$500 $80 $1,230

$50 $60 $670

$80 $50 $600

1.Only the single-family residential component of Coastal County growth is considered in this comparison.
2. All stormwater systems are designed for three inchesof storage perunit areaof impervious surface.
3. The estimated storage requirement forthe 10 developments assumed is 1 million cu ft stormwater.
4. Reflects the cost ofgrowing grass, vegetation and landscaping, aswell asthe costs oflawn mowing, landscape trimmings, etc.
5. For non-structural, includes staff salaries and other elements of minimum disturbance/minimum maintenance program; for structural,
includes maintenance and inspection, such asvacuuming and cleaning of porous pavement, harvesting macrophytes and algae, removal of
sediment, etc.

6. Reflects the design of structural practices orbackground studies to institutionalize theminimum disturbance program.
7. Total columns 3,4 (low range). 5, and 6.



Table3.Cost-benefitmeasuresforstructuralandnon-structuralbestmanagementpracticesfornewsingle-familydevel
opmentinCoastalCounty(CahillandAssociates,1992).

PollutantRemovedAnnuallyfromCoastalWaters'
TotalPhosphorus

CostperpoundPoundsremoved/
removed$1,000

$3683

BMP

AnnualCost

(xl.000)1

TotalNitrogen
CostperpoundPoundsremoved/

removed$1.000

Minimumdisturbance/
minimummaintenance

$160$3727

Infiltrationpractices$580$2654

Constructedwetlands

withharvesting

$1,230$4012

Wetretentionbasins$670$3823

ro
Drydetentionbasins$600$6851

$1,468

$3,113

$3,045

$4,615

1

0

0

0

1TakenfromCol.7inTable2andincludestotalannualizedcostforsingle-familydevelopmentinCoastalCounty.
2Dividingtotalcostsbyeachpollutanthasbeendonetoallowcomparisonamongthestructuralandnon-structuralpracticesandshouldnot
beviewedasabsolutefnatruecost-benefitsense.Fortheminimumdisturbance/minimummaintenance$160,000totalprogramexpendrture.
forexample,allpollutantswillberemovedincludingnitrogen,phosphorus,pesticides,herbicides,andothers.
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Figure 1. Non-point-source removal efficiency (Cahill and Associates, 1992).
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Abstract

Water quality and water color of runoff discharge from land reclamation
works become bad unless suitable settling ponds are constructed downstream of the
site to preserve the water quality condition. If the runoff discharge flows out without
any deposition of eroded soil particles, the sea, reservoir, or river is badly affected.
There are many ways chemically and physically to accelerate sedimentation at the
settling pond and to affect the composition of these sediments. Thispaper describes
a system of silt protector sheets designed by the authors.

Conventional Silt Protector Sheets

Silt protector sheets are woven canvas sheets made of polyester, with a
permeability coefficient of 10"2 cm/s. The sheets are installed around the circumfer
ence of underwater construction works. There are several ways of installation or
application in accordance with the topographical and hydraulic conditions of the
working sites. Figure 1 shows an example of installation of silt protector sheets for
the case of rivercorridordredging works at the Seta River. The Seta River is one of
the famous sightseeing points and fishing grounds for Ayu (a freshwater trout) in
Japan. There was a strong desire to preserve the environments of the river,
particularly during periods of dredging. Dredging was inevitable for the purpose of
flood protection. Silt protector sheets were installed as shown in Figure 1 and it was
possible to carry out the works keeping almost the same water quality as usual at
the outside of silt protector sheets. Silt protector sheets are successfully applied at
many underwater construction sites. Recently, silt protector sheets have been used
to decrease sediment transport from road construction, reclamation of agricultural
lands, golf links and race tracks.

Since these areas have large amounts of runoff discharge, silt protector
sheetswith low permeability coefficients (10* cm/s) cannot sustain runoff discharge.
New types ofsilt protector sheets must be developed. The new type ofsilt protector
sheets should have high permeability with reasonable capacity of sediment cut off.

High Permeable Sitt Protector Sheets

The authors developed a new type of silt protector sheet having high
permeability, yet maintaining a certain sediment cutoff capacity. Thesheet is typical,
but 20-cm squares of unwoven portions are set every 30 cm in order to improve its
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permeability. Permeability of the newly developed silt protector sheets was 10 times
that of ordinary silt protector sheets in the hydraulic model test, and cutoff capacity
of sediment transport was one-third that of ordinary silt protector sheets. This new
type of silt protector sheet was successfully used ata settling pond ata Yatsushiro
Bay outfall. Retardation and unification capacity of the silt protector sheets would
accelerate sediment deposition.

Settling Pond at Racetrack Construction Site

The Yatsushiro Bay example was the case of newly developed high-
permeability silt protector sheets (installed doubly). Ordinary silt protector sheets
were applied in the case of a racetrack (Morioka, Iwate prefecture) construction.
Multiple sheets were installed in order to deal with spilling around edges of screens.
Large discharges at one edge of the sheets were taken off alternately as shown in
Figure 2.

The turbidity was measured and its result was as shown in Figure 3. The
sheets seemed to generate meandering flow in the settling pond. This meandering
causes extension of flow length in the pond, and percolation ol the sheets
accelerates sediment deposition.

Since the settling pond of the racetrack situated just upstream of the
waterworks reservoir of Moriola City, turbidity inflow was strictly restricted. Then
perfect deposition of sediment was requested. Open portions of silt protector sheets
should have been avoided if possible. Acomposite type ofsilt protector sheets was
designed. That is. the open portion of the Yatsushiro Bay layout was replaced by
newly developed high-permeability silt protector sheets. Then permeability of the
sheets was changed with the portion of the sheets, this generated meandering flow
in the pond, too. The plane view of the improved design is shown in Figure 4. The
flow pattern sediment cutoff capacity was examined by field tests, hydraulic model
tests and numerical simulation.

Other Examples

Shimokita. Shimokita is the north end of the Japan mainland (Honshu
Island), where reclamation of agricultural land is carried out by the prefectural project
of Aomori. The end of the project area is very close to the sea (Mutsu Bay) where
scallops are cultured. Runoff discharge from reclaming agricultural land transports
large amounts of sediment to the sea, and this leads to mortality of cultured scallops
near the outfall. Scallop culture fishermen requested compensation for the damage
and measures to halt spread of the sediment from the outfall. Aomori Prefecture
planned to construct a settling pond just upstream of the outfall, but it was
impossible to make it long and wide enough to deposit runoff sediment. They are
planning to install multiple high-permeability silt protector sheets in the settling pond.
In the case ofShimokita, investigations will be carried out at the site beginning this
month. Once data are gathered, numerical simulation will be followed to establish
design criteria. .

Hachinohe Plain. Hachinohe is in northern Aomori Prefecture. The project
of this area is also reclamation of agricultural land, but the project manager is the
national government (Ministry of Agriculture, Forestry and Fisheries). The outfall of

278



this project area is also close to the sea where fishermen manage shellfish culture.
As the construction progressed, sedimentation at the surrounding area of the outfall
became obvious, and mortality of shellfish occurred. This area also planned to
construct a settling pond just upstream of the outfall. Some structures may also be
necessary to lengthen flowing distance in the pond. Structures that are easy to
remove and repair are desirable for such a case.

Conclusion

Settling ponds with silt protector sheets, having some open portions, were
recognized to be effective to cut off sediment transportation. High-permeability silt
protector sheets improved permeability, but the ratio of permeability improvement is
much greater than that of sediment cutoff capacity decrease. Therefore, the open
portion of ordinary silt protector sheets replaced by the high permeable siltprotector
sheets must be much moreeffective to cut sediment transport.

By adjusting the pond dimensions and the arrangement of silt protector
sheets in the settling pond, sediment transport can be effectively reduced. A settling
pond then becomesa useful structure to preserve downstream aquatic areas.
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Rgure 1. Silt protector sheets at the site of dredging.
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Figure 3. Turbidity measurements.
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Figure 4. Improved design,


