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Minimizing the Impact of
Golf Courses on Streams

ver 13,000 golf coursesnow existintheU.S.
O and many more will be constructed to meet

the growing popularity of the sport. The
construction of a new golf course has the potential to
create adverseimpacts ontheaguatic environment. To
beginwith, atypical 18-holegolf coursecan convert as
muchas100acresof rurd landintoahighly “terra-formed”
environment of fairways, greens, tees, sand traps, and
water hazards. As such, golf courses are often an
attractive part of the urban landscape. Haphazardly
designed golf courses, however, can disrupt and de-
grade the wetlands, floodplains, riparian zones, and
forests that contribute to stream quality.

A second recurring concern about golf coursesare
thelargeinputsof fertilizer, pesticides, fungicides, and
other chemicalsthat are required to maintain vigorous
and attractivegreens. Inmany cases, chemical applica
tion rates can rival and even exceed those used in
intensive agriculture. Table 1 shows a side by side
comparison of chemical application ratesfor acoastal
plaingolf courseand cropfieldinMaryland, asreported
by Klein(1990).

Theactual rateof fertilizer and pesticideapplication
rates at aparticular golf course can vary considerably,
depending on the soil, climate, and management pro-
gram. As an example, fungicides and nematicides are
only lightly used in regions with cold winters, but
constitute a major fraction of total pesticide applica
tionsin warmer climates. Given such intensive use of
chemicals, golf courses clearly have the potentia to
deliver pollutantsto ground and surfacewaters. Actual
monitoring data on pollutant loads from golf courses,
however, are quite scarce.

Golf courses are also intensive water consumers,
particularly indrier regionsof thecountry. Thisneedfor
irrigable water can place strong demands on local
groundwater and/or surface water supplies, which in
turn, can cause baseflow depletion. In addition, the
construction of the ubiquitous golf course water haz-
ardscanleadto downstreamwarmingin sensitivetrout
streams.

Inthelate 1980s, Baltimore County, Maryland was
confronted with a wave of golf course development
proposals and strong concerns about the possible risk
they might haveontheir Piedmont streams. TheDepart-
ment of Environmental Protection and Resource Man-
agement drafted and revised aseries of environmental
guidelinesfor new golf courseconstruction. Theguide-
lines stress the importance of integrating the layout of
the course with the natural features of the site.

For example, theguidelinesrequireadetailedeva uation
of wetlands, perennial and intermittent streams, flood-
plains, slopes, forest stands and habitat features at the
proposed course. The course must be configured to
avoid or minimizedisturbanceto these resource areas.
Inthisrespect, long broad fairwaysareaprimecul prit,
as they frequently cross or encroach into streams and
other buffer areas.

Consequently, theguidelinesdevoteagreat deal of
attention to the issue of fairway crossings (see Figure
1). For example, nomorethantwofairway crossingsare
allowed for each 1,000 feet of stream length. These
crossing must be perpendicular tothe stream. If forests
or wetlands are present at the crossing, this zone must
be managed as unplayable rough and remain undis-

Table 1: Comparative Chemical Application Rates for a Maryland Golf Course and

Corn/Soybean Rotation Reported in Pounds/Acre/Year (Klein, 1990)

Chemical Cropland Fairway Greens Tees
Nitrogen 184 150 213 153
Phosphorus 80 88 44 93
Herbicides 5.8 104 10.2 11.4
Insectcide 1.0 2.0 2.0 2.0
Fungicide 0.0 26.9 34.9 26.9
Total Pesticides 5.8 37.3 45.1 38.3
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@ All fairway crossings are perpendicular to the stream

@ 100 foot vegetated buffer maintained along the stream, with
no more than two crossings per 1,000 feet

o Wooden cartway crossing on wooden pilings
@) All wetlands are protected with extra buffer
Q “Organic” infiltration trench treats green leachate

0 Outflow treated by a combination of vegetative BMPs (filter,
swale, wetland)

@ IPM program used to reduce chemical applicationstogreens,
tees, and fairways

Figure 1: Stormwater Practices for a Golf Course and Stream Crossing (Powell and Jolley, 1992)

turbed asearly successional forest or wetland. Cartways
and footpaths that cross the stream corridor must be
narrow and constructed of timber on wooden pilings.
TheCounty guidelinesal solimittheextent of forest that
can be cleared during construction. No more than 25%
of thepre-existing forest cover may beremoved during
course construction.

Constructed pondsarenot permittedintrout streams
unlessthey are“ zero discharge” facilities constructed
inupland areas(seearticle82). Best management prac-
tices emphasize treatment of greens and tees where
nutrient and pesticide applications are greatest. The
use of aseriesof vegetativefiltering mechanismssuch

as swales, forest buffers, sand filters, and infiltration
trenches are recommended.

A common practicefor greensisillustratedinFigure
2. Togtartwith, afour-foot thick mantleof soil isrequired
bel ow thegreen’ sunderdrainsystemtoprevent|eachate
fromenteringgroundwater. Theleachateiscollectedin
perforated pipesand routedinto small depression. This
depressionisusualy filledwithlayersof organic matter,
sand and stone, and then landscaped. The depression
actsasboth abiofilter and aninfiltration facility.

Excess runoff from fairways is also treated by a
series of best redundant best management practices
(e.g., a grass swale leading to a pocket wetland or
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Figure 2: Schematic of a Water Quality Treatment System to Remove Pollutants From a Golf Course Green

irrigationpondthat inturnoverflowsintoaforest buffer
strip).

Sincegolf coursesarelargely perviousin nature, it
is not always appropriate to size stormwater practices
systems for water quality treatment based on conven-
tional water quality sizing rules (i.e., based on the
amount of imperviousareacreated at the site). Rather,
it is more important to ensure proper control of each
green, tee, and fairway, and to maximize the use of
swales, forest buffers, and wetlands to achieve high
rates of treatment.

TheBaltimore County guidelinesrequiretheinstal -
lation of permanent sampling wells in addition to
periodic monitoring of stormrunoff, groundwater, and
thebi ol ogical community presentingolf coursestreams.
The guidelines al so recognize the importance of inte-
grated pest management (1PM).

The golf course operator must submit an IPM plan
that emphasizes the selection of drought and disease
resistant turf that requires less maintenance, utilizes
biological controlsrather thanchemicals, and carefully
regulates the selection and application of pesticides.
Theuseof slow-releasefertilizersisal soencouragedto
minimizethe leaching of nitratesinto groundwater.

To date, the guidelines have been applied to seven
new golf course development proposalsin Baltimore
County with the active cooperation from the golf de-
sign community. Preliminary storm and groundwater
monitoring data from several golf courses designed
under the new guidelines indicate that they appear to
have little impact on water quality, with the possible
exception of nitrate leaching. Additional storm moni-
toring data is expected at both public and private

courses over the next two years to attempt to confirm
this observation.
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