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ABSTRACT

The golf industry has raised environmental concerns in recent years, likely due to its high profile
and intense land management.  The concerns are primarily related to surface and ground water
quality and wildlife protection.  This report on golf course practices was funded by Environment
Canada under the Fraser River Action Plan through the Fraser Pollution Abatement Office to
assess environmental aspects of golf courses in the Fraser River Basin.

The golf industry was studied over a seven month period in 1995. The study included a survey of
current practices, a surface water and sediment sampling program, and interviews with
government and golf association representatives. The study culminated in the development of this
report, Inventory of Golf Courses in the Fraser River Basin, and an accompanying document on
best management practices (BMP's) for golf courses, entitled Greening your BC Golf Course. A
Guide to Environmental Management.

This report presents the results of a golf course inventory and five specific site assessments. It also
summarizes conditions and practices in the Fraser Basin, reviews best management practices in
other jurisdictions, and examines economic impacts of BMP implementation.

The inventory is based on the results of a survey developed and mailed to all golf course
superintendents in the Fraser River Basin in 1995. The survey obtained information regarding the
golf courses’ location, layout, operation and management, and chemical controls for the past five
years. In total, 44 of the 76 (58%) golf courses provided information.

Site assessments were conducted at 5 golf courses in the Fraser River Basin: three in the Lower
Mainland, one in the South Thompson River Valley Region, and one in the Prince George Region.
The site assessments specifically addressed the potential for surface water contamination as a
direct result of golf course activities. Golf courses were examined with respect to topography,
soils, turf, drainage, irrigation practices, maintenance area, housekeeping, chemical use and
storage, and water quality monitoring. A limited water and sediment sampling program was
conducted to characterize the quality of runoff from the courses.

The companion document, Greening your BC Golf Course - A Guide to Environmental
Management, is intended to guide managers in the design and management of golf courses, and
will benefit course owners, operators and golfers. The guide is available through Environment
Canada, Fraser River Action Plan.



RÉSUMÉ

Le golf est un sport et un loisir de plus en plus populaire en Colombie Britanique. Chaque année,
environ 450 000 golfeur(euse)s  du Canada et d’autres pays fréquentent les 230 terrains de golf de
la province. Le nombre de terrains de golf augmente d’environ 2 à 3 par année. Cette croissance
suscite de plus en plus de préoccupations à caractère écologique, surtout reliées à l’eau de
surface, l’eau souterraine, et à la protection de la faune et de la flore. Ce document sur les
pratiques de gestion des terrains de golf dans le basin  versant du fleuve Fraser a été financé par
Environnement Canada, Plan d’Action du Fraser..

Le secteur du golf a été étudié pendant une période de sept mois en 1995. L’étude comportait un
questionnaire sur les usages courants, un program d’échantillonnage des eaux de surface et des
sédiments, et des entrevues avec des représentant(e)s  d’associations de golf et du governement.
Cette étude a permis la réalisation de ce document, Inventory of Golf Courses in the Fraser River
Basin,  et d’un document accompagnateur sur les meilleures pratiques environnementales,
Greening your BC Golf Course. A Guide to Environmental Management.

Ce document, Inventory of Golf Courses in the Fraser River Basin, présente les résultats d’un
inventaire des terrains de golf et de cinq évaluations de site spécifiques. L’inventaire est basé sur
les résultats d’un questionnaire développé et envoyé à tous les super-intendants en 1995. Les
résultats du questionnaire donnent des informations sur la localisation, le design, la gestion des
opérations, les contrôles chimiques au cours des cinq dernières années. Au total, 44 des 76
terrains de golf ont completé le questionnaire. ’

Les cinq évaluations de site avaient pour but d’évaluer le potentiel de contamination des eaux de
surface résultant des activités sur le terrain de golf. Les variables suivantes ont été considérées: la
topographie, les sols, la tourbe, le drainage, les pratiques d’irrigation, l’espace d’entretien, l’usage
et l’espace de rangement des produits chimiques et la qualité de l’eau. Un programme
d’échantillonnage d’eau et de sédiment a été développé pour caractériser la qualité des eaux de
ruissellement provenant des terrains de golf

Le document accompagnateur Greening your BC Golf Course. A Guide to Environmental
Management est un guide qui vise à amener les gestionnaires de terrains de golf à un design et
une gestion quotidienne des terrains de golf qui puissent profiter à la fois aux propriétaires, aux
super-intendants, aux golfeurs(euse)s,  ainsi qu’au milieu naturel.
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1.0 INTRODUCTION

Numerous organizations are working together to advance the environmental, economic and social
sustainability of the Fraser River Basin.   The Basin is a valuable resource -- while covering only
25% of B.C.'s land area, it contributes 80% towards the gross provincial product and over 60%
towards total household income.  The health of the Basin is however being strained due to
population increases, resource extraction and rapid economic growth.

As part of the federal Fraser River Action Plan, the pressures facing the Basin's health and
sustainability are being addressed.  Pollution awareness and abatement are components of this
Plan and as such, Best Management Practice plans or Pollution Prevention plans addressing
surface water quality protection are being developed for a number of industry sectors.

The golf industry has become the focus of some environmental concerns in recent years, likely due
to its high profile and intense land management.  The concerns are primarily related to surface and
ground water quality and wildlife protection.  Many North American associations dedicated to the
industry have begun to actively address these topics, as have university research programs.  Local,
regional and provincial/state governments have also begun to address these topics through the
preparation of golf course development guidelines and, to a limited extent, operations guidelines. 
However, at the government level, the existence of comprehensive documents directed
specifically to environmentally responsible golf course development and operation is a rarity.

The preparation of such documents presents a challenging task.  Golf course development and
operation is extremely site specific in nature:  techniques will vary not only between
biogeoclimatic regions, but also within a biogeoclimatic region and within a golf course.  Factors
affecting  development and operation techniques include climate, soils and geology, turf selection,
pest types (in the present context pests are those diseases, weeds, insects and animals that feed
on, out-compete, destroy or reduce the quality of turfgrasses), the sophistication of the
superintendent, the development and operating budget of the course and the demands of the
ownership and the players.  Guidelines on a national, or even provincial level, would out of
necessity be quite general.  While more specific guidelines can be developed on a municipal or
regional level, the responsibility to develop an environmentally responsible management plan
ultimately lies with the superintendent.

Undeniably, any efforts toward the environmentally responsible management of golf courses will
help reduce potential environmental impacts. This report, Inventory of Golf Courses in the Fraser
River Basin, and the companion report Greening your BC Golf Course - A Guide to
Environmental Management were developed following a seven month study of the golf course
industry to provide guidance to golf course superintendents, their workers, golf course managers,
owners and players.

This report contains results from a survey of the golf courses in the Fraser River Basin, five golf
course site assessments which included a limited surface water and sediment sampling program, a
literature review, and interviews with government and golf association representatives.  Finally, a
cursory analysis of the economic impacts of BMP implementation was performed.
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2.0 GOLF COURSE INVENTORY

The intent of the golf course inventory was to obtain information regarding the location, layout,
operation and management of golf courses within the Fraser River Basin.  Particular attention was
given to the use of chemical controls within the past five years (1990-1994). In general, the
inventory process consisted of: i) identifying the courses within the Basin boundaries; ii) a mail
out of surveys to all course superintendents; iii) follow up calls to superintendents not responding
to the survey; and iv) resending (by fax) surveys to superintendents agreeing to participate in the
survey. In total, responses from 41 of the 76 courses in the Basin were obtained, approximately
58%. 

2.1 INVENTORY PROCESS
The publication Water in Sustainable Development:  Exploring Our Common Future in the
Fraser River Basin provided a listing of the incorporated communities within the study area
(Table 2.1).  In turn, the golf courses within each of these communities were identified through
reference to the 1995 British Columbia Tee Off Golf Guide, which lists all B.C. Golf Association
member courses, whether private, semi-private or public.  National Topographic Service (NTS)
1:50 000 scale maps were used to confirm the location of these courses within the drainage Basin
boundaries.  Contact names at the golf courses were obtained from the 1994 B.C. Golf Course
Superintendents Association (BCGCSA) membership list and the Tee Off Golf Guide.

The content and layout of the survey was reviewed by Environment Canada, the GVRD and Mr.
Brad Stuart, Past-President of the BCGCSA.  From discussions with Mr. Stuart and a few
additional superintendents, it was decided that it would be unnecessary to offer anonymity to the
respondents of the survey -- it was felt that, in general, superintendents would be anxious to
demonstrate their environmental responsibility.  While it was considered advantageous to obtain
the BCGCSA's endorsement to encourage response, it could not be obtained by the time of the
mail out and was therefore not pursued further.  A copy of the survey has been included in
Appendix A.

The mail out of the surveys took place in April 1995.  Due to the poor initial response, follow up
calls were made in August and October, closer to the end of the golfing season, when
superintendents were expected to have more available time.  With the superintendents contacted,
every effort was made to complete as much of the survey over the telephone as possible. 
Typically, however, pesticide and fertilizer data was not readily available.  Therefore, this portion
of the survey was resent (faxed) to those superintendents agreeing to complete and return the
form within the following two weeks.  In most cases, the extent of the data requested was
reduced to encourage cooperation (ie. 2 year's worth of past data was requested, rather than 5).

To augment the information collected from the mail out and the interviews, a number of other
sources were referenced.  In general, it was necessary to obtain pesticide specific information such
as registration numbers (PCP numbers), recommended application rates and fractions of active
ingredient from chemical suppliers, B.C. Environment's Pesticide Control Branch or Agriculture
Canada.  Toxicity information was obtained from published literature.  Municipalities and
chemical suppliers were contacted to confirm the pesticide and fertilizer use data of a number of
municipally managed golf courses.  NTS 1:50 000 scale maps were consulted to confirm the
latitudes and longitudes of the golf courses and their proximity to watercourses.
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TABLE 2.1
Incorporated Communities within the Fraser River Basin.

Regional District/
Municipality

Fraser Basin
Region

Regional District/
Municipality

Fraser Basin
Region

Buckley-Nechako
   Burns Lake
   Fort St. James
   Fraser Lake
   Vanderhoof

Upper Fraser
Upper Fraser
Upper Fraser
Upper Fraser

Greater Vancouver
   Burnaby
   Coquitlam
   Delta
   Langley (Twnshp/District)
   New Westminster
   Port Coquitlam
   Port Moody
   Richmond
   Surrey
   Vancouver

Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser

Cariboo
   Quesnel
   Williams Lake
   100 Mile House

Middle Fraser
Middle Fraser
Thompson

Central Fraser Valley
   Abbotsford
   Langley (City/District)
   Matsqui

Lower Fraser
Lower Fraser
Lower Fraser

 North Okanagan
   Enderby
   Lumby
   Spallumcheen

Thompson
Thompson
Thompson

Columbia-Shushwap              
    Salmon Arm Thompson

Squamish-Lillooet
   Lillooet
   Pemberton
   Whistler

Middle Fraser
Lower Fraser
Lower Fraser

Dewdney-Alouette
   Maple Ridge
   Mission
   Pitt Meadows

Lower Fraser
Lower Fraser
Lower Fraser

Thompson-Nicola
   Ashcroft
   Cache Creek
   Chase
   Clinton
   Kamloops
   Logan Lake
   Lytton
   Merritt

Thompson
Thompson
Thompson
Thompson
Thompson
Middle
Thompson
Thompson

Fraser Cheam
   Chilliwack
   Hope
   Kent
   Harrison Hot Springs

Lower Fraser
Lower Fraser
Lower Fraser
Lower Fraser

Fraser-Fort George
   McBride
   Prince George
   Valemount

Upper Fraser
Middle Fraser
Upper Fraser
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2.2 INVENTORY RESULTS

There are 76 golf courses located within the boundaries of the Fraser River Basin, including those
currently closed for renovation or currently under construction and scheduled to open within
1995.  The majority, 41, are located in the Lower Mainland; 28 are located in the Greater
Vancouver Regional District.  Figure 2.1 depicts the distribution of golf courses within the Basin.

It was recognized that the response to the April mail out could be poor due to:  i) the demands on
the superintendents during the peak golfing season; ii) the time that would be required to obtain
the necessary data and complete the survey;  and iii) the lack of incentive to participate in the
study.  In fact, from the initial mail out less than 10 completed surveys were returned.  Through
follow up calls only another 35 superintendents could be contacted, although messages were left
at virtually all of the courses.  Approximately 30 of these superintendents agreed to complete a
portion of the survey over the telephone and complete the remainder (the pesticide and fertilizer
use portion) within 2 weeks.  Less than 10 superintendents completed and returned this final
portion of the survey.

Overall, data from 44 of the 76 courses (58%) was obtained.  The responses came from each of
the four Fraser River Basin regions:  the Thompson Region and the Lower, Middle and Upper
Fraser Regions.  Generally, the data obtained from the mail out and the interviews was incomplete
or contained discrepancies.  Additional telephone calls to a number of agencies (as described in
Section 2.1) were necessary to provide a more complete profile of the golf courses in the Basin. 
The information collected has been presented in five tables, Tables 2.2 - 2.6.

Table 2.2 summarizes general information regarding the golf courses in the Basin:  information
regarding contacts at the courses (ie. general manager and superintendent) and information
regarding course location (ie. municipal address, latitude/longitude, closest watercourse). 

Table 2.3 summarizes information regarding each facility (ie. type of course, age, layout, chemical
storage) and its operation and management practices (ie. irrigation, equipment washing, water
quality monitoring, pest problems). 

Tables 2.4 & 2.5 detail chemical use at the courses over the past five years.  Fertilizer information
including composition, recommended application rate, application location and the amounts of
nitrogen, phosphorous and potassium applied can be found in Table 2.4; information regarding the
location and amount of pesticides applied and the target species can be found in Table 2.5. 
General pesticide data such as fraction active ingredient, recommended application rate, target
biota and toxicity are summarized in Table 2.6.
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3.0 SITE ASSESSMENTS

Site assessments were conducted at five courses in the study area:  3 Lower Mainland courses, 1
in the northern reaches of the Lower Fraser Region and 1 in the northern reaches of the Middle
Fraser Region.

3.1 GENERAL ASSESSMENT PROCEDURE

The primary goal of the site assessments was to address the potential for surface water
contamination as a result of golf course activities.  Courses were examined with respect to:

• topography
• soils
• turf
• drainage
• irrigation practices
• maintenance area, housekeeping & miscellaneous
• chemical use & storage
• water quality monitoring

A limited sampling program was also conducted to try to characterize the quality of runoff from
the courses.  Ideally, to determine the contaminant contribution of runoff from a rainfall event, a
comparison to background water quality is required.  However, as background water quality can
vary throughout the course of a year due to a number of factors such as chemical application
rates, precipitation, temperature and turf health, it should be monitored on a continuous basis. 
Given the limitations of this project, this was not feasible.

Therefore, for this study, water quality characterization consisted of collecting one water sample
at the time of the site assessment to serve as a background measurement and two water samples
during or immediately after a significant rain event.  Every effort was made to schedule the site
assessments at a time when chemical application had not recently taken place and current and
antecedent weather conditions were relatively dry.  Every effort was also made to collect the rain
event samples during or immediately following a significant rain event, after a minimum 72 hour
dry period and after chemical application.  It was not always possible to have these criteria
coincide.  Therefore, priority was given to sampling during a rain event following chemical
application.  In both cases, careful note was made of prior chemical applications, weather
conditions and irrigation.

Any chemical applications prior to sampling consisted of primarily fertilizer use and negligible
pesticide use, as pesticide requirements in B.C. during the summer season are limited (generally,
only spot application is carried out).  Sampling typically occurred following 10 mm of rainfall
over 2 days --  during the period in which the Lower Mainland courses were to be assessed (April
to June), there were only two daily rainfalls greater than 10 mm, unfortunately not coinciding with
chemical application.
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Sample locations at each course were selected based on their proximity to highly maintained areas
(greens and tees), the location of underdrain outlets and the direction of surface runoff flow.

Water samples were obtained using either a Kemmerer or Van Dorn sampler.  The number of
grab samples taken to make a composite was dependant on the pond area, shape and depth;
however, a minimum of three samples was always used. 

Composite sediment samples were also collected at each course as part of the sampling program. 
These samples, obtained with an Eckman sampler, were collected from the same locations at
which the water samples had been taken.

The pesticides for which tests were conducted were selected based on the chemical application
history at each course.

3.2 SITE SELECTION

Site selection was based primarily on recommendations from Environment Canada.  Factors
which were taken into account included:

• proximity to a fish bearing stream;
• presence of waterbodies/watercourses on property;
• age of course;
• cooperation of superintendent;
• prior history of environmental concerns;
• climatic region; and
• location within the Fraser River Basin.

Sampling locations were selected based on the following criteria:

• amount of highly maintained area in the vicinity of the waterbody/watercourse
(ie. greens and tees);

• size of the contributing drainage area;
• slope of the land surrounding the waterbody/watercourse; and
• presence of inlet structures.

3.3 SITE ASSESSMENTS

The names of the courses assessed and other names which may assist in the identification of the
courses have been excluded from the following discussion.  It is however recognized that it is
difficult, if not impossible, to provide absolute anonymity to these courses, as each course has
distinctive characteristics.
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Site A - Lower Fraser, Lower Mainland Region

This course has been in operation for approximately 2 years and is situated in the floodplain of a
fish bearing stream in the Lower Mainland.  The site assessment took place April 5, 1995.  At this
time, sediment samples and a background water sample were also collected; the rain event
samples were not collected until May 11, 1995.   The layout of the site is depicted in Figure 3.1.

Topography

The topography of the course can be divided into three predominant zones: north (~45% of the
total course area), middle (~10%) and south (~45%).  Both the northern and southern zones are
described as having a complex topography -- multiple slopes creating an irregular surface.  The
northern zone however consists of only gently undulating slopes in the range of 0.5 - 2%, while
the southern zone consists of gently to strongly rolling slopes ranging from 5 - 30%.  The middle
zone is a single slope ranging from steeply sloping (30-60%) to moderately sloping (9-15%).  (2)

Soils

The site also has three dominant soil zones:  Westlang and Annis in the north, Milner and Berry to
the south and Berry and Milner along the ridge between the north and south zones (2). 

The Westlang soils at the north end are more predominant than the Annis.  They are described as
moderately fine to fine textured mixed marine and floodplain deposits.  The Annis soils consist of
approximately 15-40 cm of organic material over moderately fine textured floodplain deposits. 
Both types have characteristically poor drainage and are found in areas with a high groundwater
table.

The Milner and Berry soils in the southern zone are respectively characterized as fine to
moderately fine textured and moderately fine to fine textured marine deposits.  While the former
drains moderately well, the latter has imperfect drainage and is typically found above perched
water tables. The middle zone also consists of Berry and Milner type soils, with Berry soils
however in predominance.

The course was constructed on a 10-15 cm sand layer on top of the natural soils.

Turfgrass

The greens consist of one variety of bentgrass.  The tees were seeded with a rye- and bentgrass
mixture.  However, the original 20-80 mixture is slowly developing into a 50-50 mixture as
ryegrasses tend to dominate.  Fescue, rye- and bentgrasses are found on the fairways. 

Drainage

There are seven ponds on-site (1-6 & 4A), of which one is essentially an inlet from the adjacent
river.  The ponds may be considered lined because of the natural clays in the area.  Average pond
depth is approximately 3 m.
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The ponds are all linked, with the exception of the Upper Pond (Pond 6).  Like the other ponds,
the Upper Pond is recharged from course runoff and with water from the stream adjacent to the
course.  However, unlike the other ponds, this pond can drain to the municipal stormwater
collection system.  The water levels in Ponds 1-5 & 4A can be controlled up to approximately 1.5
m.  Any water beyond this level must be accepted by the ponds and by the course, if necessary (ie.
flooding conditions, which have occurred in the past).  In addition to stream water and course
runoff, Pond 4 also accepts stormwater runoff from the maintenance area, the parking lot and
from a 35 cm diameter pipe delivering stormwater runoff from off-site roads. 

While the sand layer upon which the course is built aids in the infiltration of water, an extensive
underdrain system throughout the course has also been constructed.  On the greens, manual
techniques (squeegees) are occasionally employed to reduce ponding.

The quality of drainage from the site is improved by leavestrips approximately 10 m wide along
the riverbanks and the maintenance of grass at a height of 5 cm for a distance of approximately 6
m adjacent to the ponds.  No pesticides are applied in these buffer areas.

Irrigation

Irrigation water is drawn from Ponds 1-6.  In the summer months, approximately 2 - 2.5 cm of
water per week are required for the greens, delivered in equal amounts over 7 nights.  The longer
grass on the fairways and tees requires less irrigation.

Maintenance Area, Housekeeping, Construction

Equipment is cleaned in the maintenance area with fresh water and no cleaning agents.  Water is
collected in a catch basin serviced by an inverted drain, discharging to Pond 4.  Grass
clippings/sludge have yet to be removed from the basin (the maintenance area was only recently
constructed), but when build-up is sufficient a pumper truck will be used for clean-out. 

Two fuel storage tanks (gasoline and diesel) are also kept in the maintenance area.  There is no
secondary containment nor drip pans for these tanks and the area around the tanks slopes to a
catch basin approximately 1-2 m away.

The side slopes of some of the fairways are retained with creosote treated railway ties.  Typically,
these ties do not come into contact with pond water.  Contact would only occur under flooding
conditions.

Two holding tanks are available for the storage of domestic wastewater.

Chemical Use & Storage

Pesticides are stored in a specially constructed cupboard in the maintenance area.  The bottom of
the cupboard is fibreglass sealed and ventilation exists at the top.  The doors of the cupboard will
be properly secured when the cupboard has been completed.  Fertilizer is kept in a locked room in
the maintenance building.  Chemicals are only ordered on an as required basis.



Environment Canada
Inventory of Golf Courses in the Fraser River Basin Page 3-5

d:/BMP Golf Course/Golf Course Inventory (FRAP).doc

During the operating season, fertilizer is typically applied every 2-3 weeks on the greens, every 4-
5 weeks on the tees, 3-4 times per year on the fairways and 2-3 times per year in the rough. 

Pink snow mold is the most common problem for this course and typically requires quintozene
application on the greens in November and again in January.  To date pest problems have not
been experienced in the summer.  As a general rule, pesticides are only applied when problems
become evident and other means of control have proven unsuccessful. 

Water Quality Monitoring

Water quality monitoring is conducted by the course twice yearly to address both municipal,
provincial  and federal agency concerns.  Sampling stations for water and aquatic invertebrates
have been established on the river upstream and downstream of the outlet from Pond 1, in Ponds
2 and  6 and at the groundwater well by the pumphouse.  Water samples are analyzed for physical
characteristics and the concentrations of anions, cations, nutrients, metals and pesticides.  The
pesticides tested for are chlorothalonil, diazinon and iprodione.  These three pesticides were
selected as they were part of the course's original chemical management plan submitted to the
municipality. 
The results of the sampling conducted in September 1994 indicated that all of the stations
exceeded the Canadian Water Quality Guidelines (3) with respect to either turbidity, colour, iron
or manganese.  However, the guidelines for these parameters are based on aesthetic objectives
and the levels found do not pose any health risk (29).  Three of the five stations also exceeded
B.C. Environment's Water Quality Criteria (4) with respect to either suspended solids, dissolved
aluminum or iron.  The three pesticides were not detected in the water nor the invertebrate tissue
samples.

Sampling

On the morning of April 5, 1995, composite sediment samples were collected from Ponds 2 and 6
and a composite background water sample was collected from Pond 6.  The Environment Canada
weather station, located within approximately 5 km of the course and at approximately the same
elevation as the course, recorded the following weather conditions around the time of sampling: 
during the 24 hour period prior to sampling, 3.8 mm rain fell; during the night of April 4 and
during the course of sampling on April 5, the weather conditions were dry.  Pesticide use prior to
this sampling event consisted of one quintozene application to the greens in January.  Fertilizer
had been applied more recently:  a liquid fertilizer was applied to the greens approximately 10
days earlier and a granular fertilizer was applied to the greens in January. 

The rain event samples were collected during the morning of May 11, 1995.  According to data
from the Environment Canada weather station, no precipitation fell on May 9, nor during the day
of May 10.  Between 5 p.m on May 10 and 9 a.m. May 11, 12.4 mm of rain were recorded. 
Fertilizer had been applied to the rough and the greens within the days immediately preceding
sampling.

The sample locations are shown on Figure 3.1.  The results of the water and sediment analyses
appear in Tables 3.1 and 3.2. 
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Site B - Lower Fraser, Lower Mainland Region

This course was constructed 25 years ago at the confluence of two fish bearing streams. 
Following the natural lay of the land, the course sits at two elevations.  The assessment of the site
took place on April 7, 1995.  At this time, sediment samples and a background water sample were
also collected.  Rain event samples were not collected until June 7, 1995.  The layout of the site is
depicted in Figure 3.2.

Topography

The topography of the course falls into four basic zones, each roughly comprising 25% of the
course area.  In general, the topography is considered complex due to the multiple slopes.  The
northern portion of the course is steepest, consisting of moderately to strongly rolling slopes of
between 9 and 30%.  In the two sections towards the south, the slopes decrease from undulating
2 - 5% slopes to gently undulating 0.5 - 2% slopes.  The section of the course furthest to the
south increases again in slope, with grades in the range of 0.5 - 5%. (2)

Soils

To describe the soils, the course can be divided into the same four zones used to describe the
topography.  From north to south, the zones are comprised of the following soil types:  i)
Milner/Cloverdale, ii) Katzie/Banford, iii) Westlang and iv) Katzie.  Both the Milner and
Cloverdale soils are characterized as fine to moderately fine textured marine deposits.  However,
while the former drains moderately well, the latter has poor drainage and is typically found on
perched water tables.  The Katzie soils found in the second and fourth zones  are described as fine
to moderately fine textured, mixed floodplain deposits resulting in moderately poor to imperfect
drainage.  The groundwater level under this type of soil typically fluctuates.  The Banford soils
consist of approximately 40 - 60 cm of well decomposed organic material over medium and
moderately fine textured floodplain deposits.  Typically located on high groundwater tables, these
soils have poor to very poor drainage.  Finally, the Westlang soils found in the third zone are fine
to moderately fine textured, mixed marine and floodplain deposits.  Drainage in these soils,
commonly located on high groundwater tables, is poor to very poor. 

The course was built on approximately 25 cm of top soil.  Only one green is constructed on a
sand base.

Drainage

Due to the age of the course, detailed drawings of the drainage system are not available and no-
one appears to have a complete knowledge of the system structure.  A number of elements are
however evident or known. 

There are several ponds on the site and while they are not interconnected, they are all linked to a
ditch which runs the length of the course.  The ditch in turn discharges to the municipal
stormwater collection system.  Also connected to the ditch is perforated pipe which runs beneath
the flat fairways, perpendicular to their length.  The tees and greens do not contain any structures
to assist with drainage. 
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As there is only one sand green on this course, water infiltration is generally poor and surface
runoff is the principal mechanism of water removal from the course.  The ponds are recharged
through this surface runoff and precipitation.  The ponds do not have synthetic liners, but are
essentially lined because of the native clay material. 

The course is protected from the flooding of one of the rivers by a dyke along the riverbank.  The
superintendent was not aware of any flooding as a result of water levels increasing in the second
adjacent river.

A 10 m strip of unmaintained rough borders the undyked riverbank, helping to reduce any impacts
on surface water quality.  Grass around the ponds and the ditch is also kept at a greater length
(~7.5 cm) than throughout the remainder of the course and is not chemically treated, again
helping to protect surface water quality. 

Irrigation

Water for irrigation purposes is drawn from the adjacent undyked river, at a maximum rate of 4
m3/min. 

Maintenance Area, Housekeeping and Misc.

Equipment is cleaned on a concrete pad in the maintenance area with fresh water and no cleaning
agents.  Wash water drains to the ground from the pad. 

Fuel for the maintenance equipment is also stored in the maintenance area.  A storm drain is
located approximately 1 m downslope of the fuel drums.  There is no secondary containment for
the fuel and drip pans are not being used.

Domestic wastewater is treated in an on-site septic system.

Chemical Use and Storage

Chemicals (pesticides and fertilizers) are stored in a separate, locked room in the maintenance
building.  There do not appear to be any floor drains in the room.  However, the floor does not
appear to be sealed and there does not appear to be any means of secondary containment.

Chemical application is conducted roughly according to a supplier developed plan (Scotts):  the
superintendent applies his own judgement to the actual need for each recommended application. 
The plan calls for regular fertilizer use on the greens and tees throughout March to September. 
Fungicide use is called for on the greens in March, August, September, October, November and
January and on the tees in October and December.  The fairways are fertilized twice per year
(April and August) and a fertilizer/fungicide/herbicide mixture is applied once per year (June).
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Water Quality Monitoring

No environmental water quality monitoring is conducted.  However, river water used for
irrigation purposes is tested when problems with the condition of the turf arise.

Sampling

During the site assessment the morning of April 7, 1995, a composite sediment sample and a
background water sample were collected from one pond and a second composite sediment sample
was collected from the ditch.  The Environment Canada weather station, located within 5 km of
the course and at approximately the same elevation as the course, recorded no precipitation on the
day prior to the assessment.  Between 9 a.m. April 7 and 9 a.m. April 8, 4.2 mm precipitation fell.
 However, sampling was conducted during a dry period, after minimal rainfall, around 9:30 a.m. 
Prior to sampling, quintozene and thiophanate-methyl mixed with fertilizer had been applied to the
greens in January and early March, respectively.  Fertilizer had also been applied to the tees in
mid-March. 

The ideal rain event sampling conditions of a significant rainfall following a chemical application
and a minimum 72 hour dry period were difficult to obtain.  As a result, a decision was made to
conduct the rain event sampling on the morning of June 7, 1995.  During the 3 days preceding,
8.8 mm of rain had fallen and during the 2 days preceding, the greens and tees had been fertilized
(the fairway pesticide application scheduled for June had been cancelled).  Prior to this, the
weather had been dry.

The sample locations are identified in Figure 3.2.  The laboratory analyses are presented in Tables
3.3 & 3.4.
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Site C - Lower Fraser, Lower Mainland Region

Site C, situated adjacent to a river, is one of the oldest courses in the Lower Mainland.  The
course was assessed on April 28, 1995, during which time a background water sample and two
sediment samples were also collected.  Rain event sampling was conducted June 7, 1995.  The
layout of this course is shown in Figure 3.3.

Topography

Topographic mapping for this course was obtained from the municipality.  This mapping showed
that more than 90% of the area of this course undergoes less than a 3 m change in elevation and is
thus virtually level.  The remaining area, at the north end of the course, is situated on a relatively
moderate to strong slope, ranging between approximately 6 and 10%.

Soils

Soil mapping was not available through either the municipality nor the B.C. Environment. 
However, it was evident through the inspection of the banks of the ditches and ponds (and
confirmed by the superintendent), that the soils on-site consisted predominately of clays. 

Drainage

While this course does have an underdrain system, it is somewhat haphazard in organization as it
has been constructed over time as drainage problems have arisen.  However, in general, the
fairways, greens and tees have some form of underdrain collection, which discharges to the ponds
or ditches on-site.

There are four natural ponds on-site and one concrete-lined pond.  The natural ponds are
essentially also lined due to the underlying clay material in the area.  All five ponds are recharged
by either precipitation, course runoff or city water.  The ponds are drained in the winter to
provide additional storage for the increased amounts of precipitation and runoff.  Due to the
shallow depth of the water table, a water level between 0.3 - 0.6 m is always present in the ponds,
even after efforts to drain them.  Two parallel ditches run through the southern half of the course,
collecting and transporting drainage from the course, the ponds and the community upstream. 
These ditches in turn discharge to the adjacent river.

The greens and tees are constructed on a sand and sand/peat moss base to aid infiltration.

Surface water quality is protected through the use of 3 to 15 m leavestrips alongside the ditches
and  ponds.  Turf may be cut up to the banks of the ponds, however, no fertilizers nor pesticides
are applied adjacent to the ponds.

Irrigation

City water is used for course irrigation.
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Maintenance Area, Housekeeping and Misc.

Maintenance equipment is washed in the maintenance area on a concrete pad.  No detergents are
used for cleaning.  Wash water is collected in an inverted drain (which retains any grass clippings)
and flows through an oil/water separator prior to discharge to the municipal stormwater collection
system (ditch system). 

Clippings from turf maintenance are collected for on-site composting.

Domestic wastewater is discharged to the municipal sewer system.

Chemical Use and Storage

Fertilizers and pesticides are stored in a locked and ventilated room in the maintenance building. 
The floor is constructed of concrete and there are no floor drains in the room.  Chemicals are
ordered on an as required basis.  Only granular forms of pesticide are used.

During the operating season (April to September), the greens are fertilized approximately every
21 days, tees are fertilized once per month and fairways are fertilized 2 to 3 times per year.

Pink snow mold is the most commonly encountered problem at this course and may be combated
with applications of quintozene or chloroneb during the months of October to December.  During
the foregoing winter season, four applications of quintozene to the greens were required.

Management Practices

While this course does not have its own documented Best Management Practice plan, significant
effort has been made to follow the recommendations of the Audobon Society.  This site has
received certification from the Society in the categories of Environmental Planning and Wildlife
and Habitat Management.  Approximately 5 acres of the course has been set aside as a wildlife
sanctuary.  This area is entirely unmaintained (no mowing, no chemical use) and golfers are asked
to refrain from entering this area.  A natural pond and ditch shoreline is also promoted, providing
aquatic and shoreline vegetative filters.  The need for insecticides has been virtually eliminated, as
the increased number of birds on-site have proven effective in controlling insect populations. 
Manual techniques are employed for the control of Veronica and Dandelions on the greens. 
However, elsewhere on the course where these weeds do not interfere with play, they are simply
tolerated.  Fountains and or water wheels have been established in some ponds to increase
aeration and thus reduce chances of eutrophication.

Sampling

During the site assessment, a composite background water sample and two composite sediment
samples were collected.  The closest Environment Canada weather station, located at the airport
less than 5 km from the course, confirmed that the weather on the 2 days prior to sampling and
the day of sampling was dry.  Chemical use prior to background and sediment sampling was
limited.  The fairways had not been fertilized since October of the preceding year.  The last
quintozene application had taken place in January 1995. The greens and tees had however been
fertilized within the preceding week.
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Again, ideal rain event sampling conditions were difficult to obtain and sampling was conducted
on June 7, 1995 following three days of rainfall totalling 11.4 mm.  The superintendent reported
that sufficient rain had fallen the evening prior to sampling to eliminate the need for irrigation
following that day's fertilizer application.  However, the rainfall recorded at the Airport for that
evening was negligible.  There is thus reason to believe that the course may have received in
excess of 11.4 mm of precipitation.  The fertilizer application which occurred during the two days
preceding sampling consisted of an application of 29-3-6 to the greens and tees and 35-3-7 to the
fairways.

The sample locations are depicted in Figure 3.3.   Analysis results are summarized in Tables 3.5
and 3.6.
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Site D - Lower Fraser, Northern Region

The fourth course to undergo assessment is situated in the floodplain of two parallel running
rivers.  Major construction of the course began in May 1993 and operation began in July 1994. 
The site assessment and background and sediment sampling took place on June 26, 1995; rain
event sampling took place on July 11, 1995.  The layout of this course is depicted in Figure 3.4.

Topography

The natural topography in this area falls between 0 and 2.5 %, nearly level.  Any relief on the site
was created during course construction and is considered minimal. (9)

Soils

Approximately two-thirds of the golf course consists of Valleau and Vickberg type soils,
characterized as layers of medium to moderately fine textured soils interbedded with organic
layers.  The remaining one-third of the course, in the western portion, is characterized as
predominately Sankey type soils.  These soils are also described as medium to moderately fine
textured, but without organic layers.  All three types of soils are silty, fluvial deposits and are
poorly drained.  While both the Valleau and Sankey soils are typically found in areas with
seasonally high groundwater tables, the Vickberg soils are found in areas of year round high
groundwater (9).  The adjacent sites, are dominated by more coarsely textured sandy fluvial
deposits.

Turf

The fairways, greens and tees have been seeded with bentgrass.  The maintained rough consists 
predominately of bluegrass with some rye.  The large unmaintained areas consist primarily of
fescues. 
Drainage

As mentioned above, the on-site soils consist primarily of silty clays resulting in poor drainage
conditions.  Consequently, the site is interlaced with tile lines to improve the removal of water
from the course and both the greens and tees are sand based (~35 cm).  No direct discharge
occurs to either of the rivers in proximity to the course, but rather to the on-site ponds.

Lying in the floodplain of two rivers and in a mountain valley, the course is susceptible to
flooding.  A berm has been constructed around the perimeter of the course in an attempt to
attenuate potential damage from flooding conditions.  Since course construction, no flooding of
the area has occurred; the last major flood in the area was in 1984. 

The on-site surface water system consists of ponds interconnected with ditches.  Groundwater
recharge and  surface runoff provide an ongoing supply of water.  The ponds are clay based and
vary in depth to a maximum of approximately 4.5 to 6 m. 

A 50 - 100 m buffer zone has been established between the course and the river bordering the



Environment Canada
Inventory of Golf Courses in the Fraser River Basin Page 3-22

d:/BMP Golf Course/Golf Course Inventory (FRAP).doc

property, helping to protect the river's water quality and allowing a corridor for wildlife
movement.  While maintenance of the turf apparently takes place up to the banks of the on-site
waterbodies, the turf within  approximately 3 m is maintained at a greater length than on the
fairways, greens and tees.

Irrigation

The primary irrigation season extends from approximately mid May to the end of August.  During
drought conditions, the greens and tees may be irrigated 4 - 5 nights per week, the fairways 2 - 3
times per week. 

Water for irrigation purposes is drawn from the on-site ponds.  Currently, the irrigation of the
entire course in one evening may require as much as 2400 m3 of water.  However, because the
turf on this course is not yet fully established, the water requirements are temporarily considerably
higher, approximately 25% higher, than those of a fully established course. 

Currently, irrigation takes place once signs of turf stress are evident; soil probes are not used. 
Plans are in place to implement a weather station driven irrigation system which would take into
account factors such as evapotranspiration, soil type, UV radiation and other agronomic criteria in
establishing irrigation needs.

Maintenance Area, Housekeeping and Misc.

Maintenance vehicles are currently washed in the paved area of the maintenance yard, with
drainage passing to the grassed perimeter.   The construction of an inverted drain to collect the
wash water and clippings has been planned.  Soaps are not used in the wash process.

Grass clippings collected from the maintenance of the fairways, tees and greens are transported to
local farmers for animal feed, with the exception of clippings generated after pesticide application.

Domestic wastewater is treated in an on-site rotating biological contactor.

Chemical Use and Storage

Conscious effort is made to apply the principles of integrated pest management to the
maintenance of this site. 

Fertilizer application takes place only after signs of nutrient deficiency become evident.  In
general, fertilization of the greens and tees is necessary every 2-3 weeks during May to
September.  Fairways are fertilized approximately 5 times per year. 

Because the application of pesticides to bentgrass is undesirable, manual controls for broad-leaf
weeds are used whenever possible.  Daconil, Killex and Round-up may be required on a curative
basis during the summer.  The only biocide applied on a preventative basis is quintozene or
iprodione prior to the winter (typically October/November) for protection against snow molds.  If
a snow blanket remains throughout the winter, no further quintozene applications to the fairways,
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greens or tees are required.  No aquatic herbicides are used.

Chemicals are stored in a separate building specially fabricated for this purpose.  Manufactured by
ChemLock, the building has a grated floor with secondary containment means below.  It is vented
and may be heated when necessary. 

Sampling

During the site assessment on June 26, 1995, the background water sample and sediment samples
were collected.  The Environment Canada weather station, located at the airport within 5 km of
the course and at approximately the same elevation as the course, recorded no precipitation on the
3 days prior to the assessment.  Fertilization of the front nine greens and tees had taken place the
morning of this sampling.  Prior to this, no fertilizer had been applied to the greens and tees in the
preceding two weeks; to the fairways, since June 5; and to the rough, since June 9.  For the most
part, pesticide application had not taken place since the quintozene application in preparation for
the winter -- it was later determined that chloroneb had been applied to two greens in March.

Rain event sampling was conducted July 11, 1995.  The precipitation recorded at the Environment
Canada weather station for the two days prior to sampling was 13.4 mm.  Prior to these days the
weather had been dry.  The morning of the sampling, all 18 greens were fertilized.

The sample locations are shown on Figure 3.4.  Analysis results are presented in Tables 3.7 and
3.8.
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Site E - Middle Fraser, Northern Region

The first nine holes of this course, located within 3 km of the Fraser, were constructed almost 25
years ago; the second nine holes were added approximately 8 years ago.  Due to the more
northerly location of this course, the operating season falls between mid-April and mid-October. 
Assessment of the site took place August 28, 1995, at which time sediment and background water
samples were also collected.  Further sampling was conducted on September 28, 1995.  The
layout of this site is illustrated in Figure 3.5.

Topography

The majority of the course is comprised of variable slopes ranging between 2% to 9%,
characterized as undulating to gently rolling.  The slopes decrease in the northern portion of the
course to 0% to 2%, nearly level to gently undulating. (10)

Soils

The golf course lies in an area considered part of the Pineview soil association.  Over the expanse
of the golf course varying percentages of orthic gray luvisol, gleyed gray luvisol and gleysolic
soils are found.  The upper layers of these soils are predominantly heavy clays, gradually changing
to clays or silty clays with depth.  In terms of drainage, this translates to moderately good to
imperfect drainage throughout the majority of the course, with some pockets of poor drainage in
the northern areas of the course (gleysolic soils). (10)

The tees and fairways were constructed on the native clays; the greens were constructed on a
mixture of sand and soil.

Turfgrass

The greens, tees and fairways are comprised of  a variety of grasses.  Penncross bentgrass is found
on the greens, bluegrass is found on the tees and the fairways consist of creeping red fescue,
annual bluegrass and Kentucky bluegrass.

Drainage

Due to the native clay soils, the course was constructed with an underdrain collection system
throughout the fairways, greens and tees.  The drains discharge to either the ponds, creek or
rough.  In addition, the fairways are mounded to aid in the runoff of water.  Flooding of the
course has not been a problem.

There are three ponds on the course.  The two smaller ponds, located in the vicinity of the creek
which travels diagonally through the course, are connected to each other and the creek.  Both
have clay bottoms and are in the order of 1 - 1.5 m deep.  The third pond, approximately 2 m
deep, is connected via a culvert to the creek. 
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The primary means of recharging these ponds is through surface runoff, although water from the
creek may also be pumped into the smaller ponds.

The creek is ephemeral, flowing through the course only during spring runoff (March - May). 
During the summer it is dammed approximately midway through the course to store water for
irrigation purposes. 

To reduce the impacts of drainage on surface water quality, fertilizer and pesticides are not
applied within 3 meters of the creek and pond banks and the area adjacent to the creek are not
mowed.

Irrigation

Water for irrigation purposes is drawn from the creek and from an on-site well.  As water
consumption is not metered, there are no records of the quantities of water used.  Irrigation
occurs when signs of stress appear.

Maintenance Area, Housekeeping and Miscellaneous

For the most part, compressed air is used to clean equipment, however on occasion water is also
used.  In the case of the latter, no detergents are added and the water drains to the ground around
the paved maintenance area.

Clippings from turf maintenance are disposed of in the bush, while clippings cleaned off of 
maintenance equipment are disposed of in a dumpster.

Domestic wastewater from the course facilities is treated in an on-site lagoon.

Chemical Use and Storage

Pesticides are stored in a locked and ventilated room on-site.  Fertilizers are stored under tarps in
a shed.

Chemical use is guided by the experience of the on-site superintendents and Scotts
representatives. 
In general, fertilization of greens occurs every two weeks and the fertilization of tees and fairways
occurs two to three times per year.

Common pest problems include thistle, dandelions, clover, dollar spot and snow molds. 
Dandelion and clover are adequately controlled with pesticide application every second year. 
More regular spot application of pesticides is required for thistles.  For dollar spot, application of
thiophanate-methyl is usually necessary.  Preparation of the course for winter begins in October. 
This involves erecting snow fences on a number of exposed greens to help maintain protective
snow covers and the preventative application of fungicides to combat snow molds.
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Sampling

No water quality monitoring has been conducted in the past for this course.

During the site assessment, August 28, 1995, two composite sediment samples and a composite
background water sample were collected.  For the three days prior to the site assessment only a
trace amount of rain (less than 1 mm) had been recorded at the Environment Canada weather
station located within 10 km of the course.  On the greens and fairways, no chemical applications
had taken place within the two weeks prior to sampling:  thiophanate-methyl had been applied to
the greens two to three weeks previous and the fairways were last fertilized July 18.  The tees and
collars however were last fertilized 6 days previous with a fertilizer composition of 32 - 3- 10.

Rain event sampling took place September 28, 1995 following 7.8 mm of rain over two days. 
During the month of August, while precipitation was recorded 18 out of 31 days, the quantity of
rainfall was generally less than 5 mm per day.  Most importantly, there was apparently no
significant use of fertilizers or pesticides during this month. While no pesticide application had
occurred within the days prior to September 28, all 18 greens were fertilized with 4-4-12 on
September 20.  Weather conditions between the date of fertilization and the date of sampling were
dry.

The locations at which samples were collected are identified in Figure 3.5.  The results of the
sample analysis are summarized in Tables 3.9 and 3.10.
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3.4 SAMPLE ANALYSIS

3.4.1 Water Samples

The results of the surface water quality analyses were presented in Tables 3.1, 3.3, 3.5, 3.7 and
3.9. These results have been compared to the freshwater aquatic life Canadian Water Quality
Guidelines (Guidelines) (3) and the B.C. Environment Water Quality Criteria (Criteria) (4). 
However, for the majority of the parameters tested no limits are stipulated in these documents.

General

Overall, a comparison of background data with rain event data did not indicate a marked decrease
in surface water quality following chemical application and precipitation.  Generally, conductivity
increased in the rain event samples and on a few courses nutrient levels increased incrementally. 
On one course, where particular difficulties with large numbers of Canada Geese had been noted,
there was a considerable increase in fecal coliform levels. 

Three important limitations to these results should be mentioned.  Firstly, the sampling program
was limited.  It was designed to provide only an indication of surface water quality at the courses
and not a comprehensive study of factors affecting surface water quality.  To determine the causes
of any elevated parameters, further study is warranted.  Secondly, significant rain events during
the study period were limited.  During the Lower Mainland study period (April to June), only 2
days recorded greater than 10 mm precipitation.  Thirdly, chemical application on B.C. golf
courses, during the April to September period when the site assessments took place, typically
consist primarily of fertilizer application and very limited pesticide application (generally only spot
treatment). 

Metals

Comparison of the metals levels with the Guidelines and the Criteria indicated that copper levels
were often exceeded, those for chromium, lead and zinc were less frequently exceeded and arsenic
and cadmium limits were never exceeded.  In the case of copper, the level of exceedance was in
one case as high as a factor of seven.  In most cases, the exceedance of the limits was less than
two.

The cause of these elevated levels is difficult to conclude, as the sampling program was intended
only to give an indication of surface water quality.  Further study is necessary to isolate the actual
causes.  Potential contributing sources could be both natural and human.  The main natural source
of these metals is the parent material of the soils (7).  Potential human sources of these metals
could be numerous including fertilizers, pesticides, atmospheric deposition, piping and road run-
off.  For example, a fertilizer such as triple superphosphate (0-46-0) might contain as much as 92
ppm of chromium and 108 ppm of zinc and cow manure may contain 56 and 71 ppm,
respectively, of these metals (7).  Copper salts such as copper sulphate are often used to control
algal blooms in ponds (8).  While any fertilizer and pesticide contributions may be attributable to
past and present golf course practices, it is also possible that upstream agricultural practices or
past on-site agricultural practices could augment metals levels.



Environment Canada
Inventory of Golf Courses in the Fraser River Basin Page 3-34

d:/BMP Golf Course/Golf Course Inventory (FRAP).doc

pH

The pH in the majority of the samples hovered around the neutral mark.  In one case, however,
the  upper limit stipulated by the Guidelines and the Criteria was exceeded with a reading of
9.55.  This high measurement occurred in a waterbody that already had an elevated pH during the
background sampling (pH was 8.28) and was experiencing an algal bloom at the time of the rain
event sampling.  High pH and excessive algal growth can be associated with eutrophication,
which may be caused by fertilizer runoff.

Organic Parameters

For BOD and COD, no limits are provided in the Guidelines or Criteria to offer comparison. 

The sample BOD levels were generally below 20 mg/L.  The COD levels ranged from less than 20
mg/L to 148 mg/L and an anomalously high 1425 mg/L.  These results indicate that substantially
more of the wastewater constituents may be chemically oxidized than biologically oxidized. 
Typically, for domestic wastewater, the ratio between COD to BOD is 3:1.  In industrial wastes,
where there is a greater likelihood that wastewater constituents are only chemically oxidizable, the
ratio can be significantly higher. 

Nutrients

Of the nutrient analyses, only the ammonia-N measurements could be compared directly to
recommended limits.  For all of the samples the ammonia-N levels were well below these limits. 

The nitrite- plus nitrate-N measurements were compared to the nitrite-N limit (this limit is 0.06
mg/L, while the nitrate-N limit is 200 mg/L).  With the exception of one sample, all combined
measurements were below 0.06 mg/L.  While the sample from Site A, with a reading of 2.05
mg/L, was significantly above the nitrite-N limit, it is possible that the additional nitrogen may be
in the nitrate-N form.

With respect to total phosphorous, the Criteria stipulate a limit of 0.005-0.015 mg/L for lakes
where salmonids are the predominant fish species; no limits are stipulated for streams.  As it is
unlikely that the ponds at which the sampling was conducted contained salmonids and the ponds
discharged to either streams or stormwater collection systems, these limits are not directly
applicable.  However, it is noted that in all cases the samples exceeded the 0.015 mg/L upper
limit, in one case by as much as a factor of almost 100.  As some of these ponds discharge to
watercourses, a comparison of their  phosphorous levels to those for effluent quality stipulated in
the Draft Municipal Sewage Discharge Criteria (ortho-P limit = 0.5 mg/L, total-P limit = 1
mg/L) (5) was made.  The comparison showed that all but two samples from Site C were well
below these limits.  The two samples exceeding the limits did so by less than 0.25 mg/L ortho-P
and 0.4 mg/L total-P.

Fecal Coliform

While fecal coliform limits for non- or secondary-contact waters were not available, there is a 200
MPN/100 mL limit for primary contact waters.  All samples but two from Site B met this limit. 
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Those samples exceeding the limit were rain event samples, collected from a course where high
numbers of Canada Geese had been noted.

Pesticides

In the majority of the samples, the pesticides which were tested for were not detectable. 
Exceptions were the measurements of 2,4-D, dicamba and mecoprop at Site A and iprodione at
Site D.  Of the pesticides detected, recommended limits were only available for 2,4-D and
dicamba.  The 0.004 mg/L limit for the former was exceeded marginally by a measurement of
0.0044 mg/L.

3.4.2 Sediment Samples

The results of the sediment sample analyses were presented in Tables 3.2, 3.4, 3.6, 3.8 and 3.10. 
For data comparison purposes, the sediment quality criteria in B.C. Environment's Water Quality
Criteria (4) were consulted.  Comparable criteria were however only available for metals.

Metals

Of the 6 metals tested for, four metals were found in concentrations exceeding the stipulated
limits:  arsenic, chromium, copper and zinc.  All samples exceeded the copper limits, the majority
exceeded the chromium limits and the arsenic and zinc limits were the least frequently exceeded. 
The copper limits were surpassed the most significantly, by a factor of as high as 22 in one sample
collected at Site  C.

The four heavy metals found in elevated concentrations were also found in elevated
concentrations at golf courses studied by Okoniewski (1988).  However, a literature review
conducted in 1992 by Trutta Environments and Management for the Alberta Environmental
Research Trust reported that no further information regarding high levels of heavy metals at golf
courses (as a result of golf course practices) is available (6).

Based on the sampling program conducted, the sources of the elevated metals levels can not be
isolated -- identification of the sources requires further study.  As described for the water
analyses, potential contributing sources may be both natural and human.  They include soil parent
material, fertilizers, pesticides, road run-off, piping and atmospheric deposition.  The range of
natural/background levels of heavy metals in soils can vary and must be taken into consideration
when attempting to determine whether contamination is present and the extent of contamination. 
For example, a Canadian study has shown that background levels of zinc may be in excess of 100
mg/L; background levels of chromium may reach 100 mg/L; copper levels may be approximately
50 mg/L; and arsenic levels may be over 10 mg/L (7). 

Organic Parameters and Nutrients

Total carbon measurements in the samples ranged from a low of 0.25% at Site E to a high of
7.1% at Site B.  In general, total carbon levels averaged 2%.
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With respect to nutrient levels in the pond sediment, total nitrogen varied between lows of less
than 0.05% at Site E and highs of greater than 0.45% at Site B.  Total phosphorous levels ranged
from lows of less than 1.0 mg/dry kg at Site E to a high of 50 mg/dry kg at Site C.

Pesticides

Of the pesticides analyzed for, only two pesticides were detectable:  2,4-D and dicamba, both at
Site D.  No limits are stipulated for these pesticides in sediment or soils in either the B.C.
Environment Water Quality Criteria (4) or the Interim Canadian Environmental Quality Criteria
for Contaminated Sites (9).

3.5 CONCLUSIONS

The superintendents of the golf courses visited were both aware of and interested in
environmentally responsible golf course management practices.  Elements of such practices were
evident at each of the courses.  However, as information regarding the environmental impacts of
golf courses becomes more comprehensive and more rigorous management practices are
developed, there will be room for improvement.

Of the parameters for which water and sediment quality criteria are available, total metals levels
were the most frequently exceeded:  the level stipulated for copper was surpassed in all samples;
the limits for arsenic, chromium, lead and zinc were also surpassed, however less frequently. 
Pesticides were detected in 5 of the 25 water and sediment samples collected.  With the exception
of dicamba and 2,4-D, limits for pesticides in water or sediment were not available.  One water
sample exceeded the stipulated limit for 2,4-D, but only by 0.004 mg/L.  The maximum
concentration of a pesticide found was 0.013 mg/L of iprodione in a water sample. 

There are a number of routes by which some of the sampled waters may find their way to surface
waters.  For example, through flooding, stormwater collection systems, pond water level
adjustment or groundwater movement.  However, as water quality criteria are generally stipulated
for the most sensitive organisms, the metals levels found in the ponds may be toxic to organisms
such as Daphnia magna, but not fish.  To determine whether the exceedance of the limits is
significant to fish requires investigation into the rationale behind the limits.
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4.0 SUMMARY OF CONDITIONS & PRACTICES
IN THE BASIN

Environmental factors such as climate and soil type significantly influence the decisions of
turfgrass managers.  These decisions pertain to grass selection, irrigation practices, drainage
controls, pest management, fertilizer use and cultural intensity.  An understanding of these
conditions and current practices is essential for the development of effective Best Management
Practices.  A summary has thus been prepared based on the results of the golf course inventory
and site assessments and general experience.

Three distinct environments can be identified within the Fraser Basin:  i) the lower Fraser Valley,
encompassing the area from Hope to the Fraser delta (essentially the Lower Fraser Region); ii)
the dry south central interior as exemplified by the South Thompson River valley (essentially the
Thompson Region) and; iii) the central interior area which stretches from Williams Lake to Prince
George (essentially the Middle Fraser Region and to a limited extent the Upper Fraser Region). 
The ensuing discussion of conditions and current practices in the Fraser Basin has been sub-
divided according to these three environments.

4.1 CLIMATE

Associated with the climatic differences between the regions are differences with respect to the
requirements for irrigation and drainage.  These have been presented below.

Lower Fraser Valley Region

The dominant climatic characteristic of the lower Fraser Valley is the high annual precipitation
rate, generally exceeding 1 m.  Despite this high rate, a water deficit exists through the months of
July and August, because the precipitation is typically concentrated in the winter months.  The
Lower Fraser Valley is also the warmest region within the Fraser Basin (mean annual temperature
of 9.8 °C at Vancouver).  Thus, at lower elevations, the soils are frost free most of the year.  Due
to these climatic features, golf course superintendents face:  i) long playing seasons, in the order
of 9 to 10 months; ii) intense leaching during the periods of slow growth and heavy rain; and iii) a
need for irrigation during the summer months. 

Due to the heavy precipitation, there is a premium on having an excellent drainage system:  most
courses are continually updating or improving drainage each year.  For upland courses, the
emphasis is on the collection and movement of surface water through the use of drain lines which
intercept runoff.  The drain lines transport the runoff to ponds or ditches on the perimeter of the
course or to dry wells where the water can percolate into the groundwater system.  On lowland
courses proper drainage also necessitates management of the water table. 
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Although the period through which irrigation is required is short and the water deficit is low
(approximately 100 mm), it coincides with the period of most intense play, increasing irrigation
demands.  While new irrigation systems are quite sophisticated in the distribution and control of
irrigation water, many of the older courses are using less efficient systems.  Upgrading irrigation
systems is generally difficult because of the perception that irrigation is not essential to the
maintenance of high quality turf.  This perception is based on the high annual precipitation rate in
the region.  In reality however, the evaporative demand of turf is much higher than the ability of
the soil or rainfall to supply water and most superintendents need to hand water greens during
periods of hot weather to protect the turf from drought stress.

South Thompson River Valley Region

The climatic conditions of the South Thompson River Valley region contrast greatly with those of
coastal B.C.'s.  The dominant feature of this region's climate is the low annual precipitation, as
low as 350 mm per year.  Precipitation tends to be concentrated in the late fall or early winter and
spring.  Generally, evaporation exceeds precipitation from May through to September.  The
combination of high day time temperatures, 25°C to 30°C, and valley winds contribute to high
turfgrass evapotranspiration rates.  The growing season ranges between 6 and 7 months,
depending on location and year.  The ground is frozen approximately 3 months of the year. 
During the winters, snow cover in the lower areas is minimal and extensive winter kill of turf
occurs as a result of desiccation.

Due to the climatic conditions, irrigation is a primary management concern:  moisture deficits
through the summer can be as high as 400 mm.  New golf courses generally have high quality
irrigation systems which cover the whole course.  Justifying the need to retrofit old courses with
improved irrigation systems is less difficult in this region.  However, many member owned
courses lack the financial resources to be able to upgrade a system in a timely manner.  Due to
high irrigation requirements, the use of treated sewage is often a practical consideration at
courses.  However, some courses which have been using this approach for a number of years have
reported problems with iron chlorosis (iron deficiency in plants). 

Surface drainage is a standard feature of many courses in the region.  The use of dry wells as
water collection areas is much more prevalent than in the Lower Fraser Valley region.

Prince George Region

The climate in the northern portion of the Fraser Basin, the Prince George region, is characterized
by  low mean annual temperatures (3°C), moderate rainfall (600 mm) and high accumulations of
snowfall.  The period of water deficit extends from June to August and in total is approximately
100 mm.  The growing season is short, 5 months, and the winters are severe.  Cold temperature
stress and the prevention of winter damage is a significant problem.
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4.2 SOILS

The Fraser River Basin encompasses the Coast Mountains, the Interior Plateau and the Rocky
Mountains.  That general topography is the result of plate tectonics, but the dominant factor
affecting the land forms and surficial deposits within the Basin is glaciation.  The last glacial
period, the Fraser glaciation, reached its maximum extent 15,000 years ago.  By 9,500 years ago,
the ice  had retreated to its full extent.  The oldest soils within the Basin are therefore
approximately of this age.

The general characteristics of the soils within each region are a good measure of the combined
effects of topography, parent material, vegetation and climate.  The latter was addressed in the
previous section; the former are addressed below.

Lower Fraser Valley Region

Within the region the topography ranges from deltaic plains to rolling upland areas which are
sloped severely enough to affect the agricultural capability of the land.  Courses which have been
built along the valley walls have had to deal with significant elevation changes.

The parent materials in the Lower Fraser Valley region are dominated by post-glacial deposits. 
Alluvial silts, sands and gravels can be found throughout the region.  Marine clays underlie most
of these deposits.  Extensive glacio-marine parent materials cover upland areas within the region. 
Where marine deposits are close to the surface, drainage is a significant problem.  Construction on
soils where marine clays dominate can be difficult and the use of clay soils to construct the
subgrades for greens and tees can create irrigation management problems for the superintendent.

Upland, well drained soils which formed on medium to coarse parent materials are dominated by
Humo-Ferric Podzols.  These Podzolic soils are intensely leached, very acidic and generally
infertile.  The A horizon is leached of iron, aluminum and organic matter.  All three accumulate in
the B horizons.  Cultivation of these soils therefore generally involves cultivation of the B
horizon.  For turfgrass production, the soils generally require lime, magnesium, potassium and
sulphur addition.  While native soils also have extremely low phosphorous levels, the demand for
additional phosphorous is reduced on courses built on converted agricultural land due to past
phosphorus fertilization. 

The more poorly drained areas in the floodplains and deltas are dominated by Humic Gleysols. 
Associated with the Gleysols are also the Eutric Brunisols, Grey Luvisols and organic soils.  The
parent materials are usually fine textured, which exacerbates existing drainage problems.  Gleysols
generally have an organic rich A horizon and with good drainage can be very fertile.  Again lime,
phosphorous, potassium and magnesium will generally be limiting. 

Plant communities within the Lower Fraser Valley generally fall within the Coastal Douglas Fir
biogeoclimatic zone.  Because a significant number of golf courses have been constructed on what
was previously farmland, the effects of the native vegetation have been somewhat modified by the
past agricultural production. 
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South Thompson River Valley Region

The topography in the South Thompson River Valley Region tends to be rolling or gently hilly.

The parent materials in the upland areas are often glacial till.  A range of alluvial deposits can be
found along the rivers.  Glacio-lacustrine silt deposits dominate the valley walls.  In most areas the
upper 20 - 30 cm of soil is affected by the addition of aeolian deposits of very fine sands.  The
glacio-lacustrine deposits are often deeply eroded, creating gullies through the deposits. 
Slumping is a concern with the development of these areas, particularly if septic tanks are used for
sewage treatment or if farmland, home lawns or golf turf is excessively irrigated.

The dominant soils of the area are considered to be grassland soils.  In the warmer sections, at
lower elevations, soils tend to be Brown or Dark Brown Chernozems.  Since most golf courses
within the region are near towns which were generally established along the rivers, most courses
are constructed on these soils.  At higher elevations, Eutric Brunisols can be found in the drier
areas and Grey Brown Luvisols in the moister areas. 

The soils within the region are generally fertile, well drained and relatively easy to manage.  The
low rainfall has resulted in minimal leaching and free lime can typically be found at depths
between 30 and 60 cm.  Native soil pH levels tend to be neutral, although nitrogen fertilization
and irrigation can cause soil pH to drop, so that over time lime addition may be required.  This
effect is more common to areas of intense agricultural production.  Low micronutrient levels pose
a concern on occasion:   soil boron and zinc levels tend to be low and iron can become unavailable
when soil pH is high. 

The native vegetation in the area is predominated by Ponderosa Pine and bunch grass.   

Prince George Region

The parent materials of the soils found in the Prince George region are dominated by glacial tills
and to a lesser extent, glacio-lacustrine deposits.  The resulting soils tend to be medium to fine
textured.  Again, alluvial deposits are found along the rivers or in areas where glacial meltwaters
once flowed.

The dominant soil forming process in this region is clay leaching.  Clay and organic matter tend to
be leached from the fine textured soils found in the drier areas, creating Grey Luvisolic soils.  The
A horizons are low in organic matter and are dominated by silts or fine sands.  Due to the
accumulation of clay in the B horizon, the Luvisolic soils have poor internal drainage. 
Compaction of wet soils can be a serious concern.

The soils tend to have neutral to slightly acidic soil pH's and have relatively high base saturations.
 Nitrogen and phosphorus are typically lacking.  Overall, agriculture has had a smaller influence
on the soil properties of land used for golf courses. 

The dominant vegetation types are Cariboo Aspen Lodgepole Pine communities in the southern
portion of the region and Sub Boreal Spruce communities in the northern portion of the region. 
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4.3 PRIMARY CULTURE

The purpose of this section is to identify the turf selection, pest management and fertilizer use
practices unique to each region.

In the Fraser River Basin, insect problems are relatively uncommon.  A number of diseases are
however quite prevalent:  snow molds, brown patch, leaf spot and red thread.  Weeds common to
the Basin are listed in Table 4.1.

Table 4.1
Weeds Common to Golf Courses in the Fraser River Basin

Common Name Scientific Name Common Name Scientific Name

Dandelion Taraxicum officinale Creeping Charley Glechoma herdracea

Spotted Cats-Ear Hypochoeris radicata Prostrate Knotweed Polygonum aviculare

Broad Leaf Plantain Plantago major and
Plantago rugelli

Shepards Purse Capsella bursa-pastoris

Narrow Leaf Plantain Plantago lanceolata Red or Sheep Sorrel Rumex acetosella

White Clover Trifolium repens Veronica Veronica fillformis

Low Hop Clover Trifolium procumbens Healall Prunella vulgaris

Common Chickweed Stellaria media Pearlwort Sagina procumbens

Mouse-Eared Chickweed Cerastium vulgatum Yarrow Achillea millefollum

Creeping Buttercup Ranunculus repens Smooth Crabgrass Digitaria ischaemum

English Daisy Bellis perennis Velvet Grass Holcus lanatus

Fertilizer programs, for all components except nitrogen, are generally based on the results of soil
tests.  Nitrogen rates are usually determined by the superintendent in response to the amount of
play, the recuperative rate of the grass, the desired growth rate and the desired visual quality. 
There has been an increasing trend towards foliar analysis and the tracking of turf nutrient content
throughout the year to determine fertilization scheduling.  However, this is not yet a common
practice.  A summary of typical nitrogen application practices for courses in the Fraser River
Basin is provided in Table 4.2.
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Table 4.2
Summary of Nitrogen Application Practices in the Fraser River Basin

Region Turf Area Annual Nitrogen Rate
(kg N/100 m2)

Applications/Year*

Lower Fraser Valley Greens 2.5 - 4 6 - 8

Tees 2.5 - 4 6 - 8

Fairways 1.5 - 2 3 - 4

Rough 1.5 - 2 3 - 4

South Thompson Greens 1.75 - 2.5 4 -6

Tees 1.75 - 2.5 4 -6

Fairways 1.5 - 2 3 - 4

Rough 1.0 - 1.5 2 - 4

Prince George Greens 1.5 - 2 3 - 5

Tees 1.5 - 2 3 - 5

Fairways 1 - 1.5 2 - 3

Rough 0.75 - 1.25 2 - 3

* Using granular materials.

Lower Fraser Valley Region

Turfgrass

Creeping bentgrass (Agrostis stolonifera) is the species most selected for greens within the
region, primarily for its ability to withstand the low mowing required.  The mowing height is
generally around 0.5 cm and may be lower on some courses where increased green speed is
desired.  Greater use of colonial bentgrass (Agrostis tenuis) on tees and fairways is occurring as
more improved varieties become available. 

Tees, fairways and roughs within the region are primarily planted to perennial ryegrass.  This
species only requires a medium level of management to maintain good quality.  The most serious
drawback to the use of perennial ryegrass is its bunching growth habit.  It is also slow to spread
into damaged areas and requires periodic overseeding.

Fine leaf fescues are being used more frequently in mixes designed for roughs.  The primary
impetus behind the selection of fescues (such as hard fescue) is a reduction in maintenance
requirements:  they require less fertilizer, less water and are slower growing. 

Kentucky bluegrass is not well adapted to the Lower Fraser Valley and as such represents a minor
component of most mixes.
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Annual bluegrass, because of its competitive ability in the Lower Fraser Valley, is the most
prevalent grass.  Its drawbacks are that it is a prolific seed producer and seed production results in
lower quality turf in the spring.  From a practical standpoint, the acceptance and management of
annual bluegrass is preferred to its control:  cultural control (ie. core cultivation to control soil
compaction; reducing the amount of nitrogen applied and avoiding early spring nitrogen
application; using lightweight mowing equipment on the fairways and removing the clippings;
maintaining turf canopy heights of 0.5 cm) of annual bluegrass is difficult and no chemical
controls are registered.  Unfortunately, for aesthetic reasons, superintendents are often required to
control annual bluegrass. 

Pest Management

Insects

European cranefly is the dominant insect pest in the Lower Fraser Valley.  Outbreaks generally
encompass small areas rather than widespread, regional areas.  Populations of larvae between 10
and 20 per 0.1 m2 can be considered damaging, depending upon the vigour of the turf.  If
necessary, pesticides such as diazinon are applied in early April, although late October
applications have also been used.

Weeds

Weed control is the most intensive on greens and tees.  Where single plants are found, hand
weeding rather than herbicide application is often used.  Weed control on fairways is achieved
largely with herbicide application.  Spot treatment of fairways may be used for localized
outbreaks.  Rough areas are the least intensively managed:  herbicides are infrequently used.

Most of the common perennial broadleaf weeds are controlled with the use of a 2,4-D, mecoprop
and dicamba herbicide combination.  Where broadleaf weed control in bentgrass is required,
formulations without 2,4-D are used.  In areas where leaching is a concern or in areas near
ornamental plantings, the use of dicamba is reduced due to the leaching potential of the herbicide.
 The preferred time of application is in the early fall, although spring applications can also be
effective. 

Diseases

Disease represents the largest pest pressure in the Lower Fraser Valley region.  For established
turf this pressure occurs primarily from mid fall to mid spring.  Diseases common to this period
include red thread, pink snow mold, cool season brown patch and leaf spot diseases.  Anthracnose
is a common hot weather disease for certain grasses and new golf courses can also face problems
with take-all patch and Pythium.

Control of disease outbreaks is usually achieved with applications of fungicides.  Common contact
fungicides include anilazine, chloroneb (some systemic activity), chlorothalonil, iprodione (some
systemic activity) and quintozene.  Systemic fungicides include benomyl, carbathin, propiconazole
and thiophanate-methyl.  A standard practise is to alternate the use of appropriate contact and
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systemic fungicides as a method of preventing the development of fungicide tolerant strains of the
turfgrass diseases.
Cultural methods employed in the control of disease include improving soil drainage, air flow and
soil fertility.  Reducing the amount of shade around turf areas and minimizing the period over
which the turf is wet can also be of assistance.  The control of thatch is also a good general
cultural control for minimizing the impact of diseases.

Red thread (Laetisaria fuciformis) is usually not treated with fungicides.  Outbreaks are common
in the spring during wet weather and on turf which is growing slowly.  Increasing the vigour of
the turf by increased nitrogen fertilization will often result in an adequate level of control. 
Removing turfgrass clippings from infected areas helps to slow the spread of the disease.

Pink snow mold (Michrodochium nivale) is one of the more serious cool season diseases.  Many
superintendents will use combinations of contact and systemic fungicides to control the disease. 
Applications are usually made prior to predicted snow falls. 

Cool season brown patch is a disease which occurs on highly fertilized, thatchy sites during
periods of wet weather.  It can be controlled by a wide range of fungicides.

Leaf spot diseases are controlled by fungicides such as iprodione and chlorothalonil.

Anthracnose (Colletotrichum graminicola) is a hot weather disease of bentgrass and annual
bluegrass.  It is most frequent after periods of wet warm weather and on greens that are poorly
fertilized and have soil compaction.  Propiconazole can be used to control anthracnose, but
cultural control by reducing other environmental stresses is important.

On new golf courses two other diseases are common, take-all patch (Gaeumannomyces graminis
var. avenae) and Pythium root diseases  (Pythium spp).  No chemical control is registered for
Pythium and this disease can devastate new greens.  Cultural control for take-all patch involves
the use of sulphur or ammonium sulphate to reduce soil pH levels.

Fertilization

One of the major challenges facing the superintendent is the management of growth at the
beginning and end of the growing seasons.  Turfgrasses, especially perennial ryegrass, tend to thin
over the winter and are not particularly strong in the early spring.  Unfortunately, there is often
pressure to open courses early, before significant growth has occurred.

Typical nitrogen application rates and frequencies for the Lower Fraser Valley region were listed
in Table 4.2.  Some superintendents may however be fertilizing greens more frequently, at very
low rates, through the use of fertilizer solutions.  In general, fertilization rates are not distributed
uniformly over the growing season.  Peaks in application rates occur in mid to late spring and in
late summer.  Often, particularly during the summer, superintendents will match potassium
application rates with nitrogen rates on sand greens and tees.  The maintenance of a
nitrogen/potassium balance increases the stress tolerance of turf. 
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Fertilization rates on new plantings can be significantly greater, in some cases as high as 7 kg/100
m2/year on greens.  Although there is great potential for leaching during the turf establishment
phase, a tradeoff has been made by attempting to minimize the time to full establishment through
increased fertilizer use.

A great variety of products are available for the supply of nitrogen.  The types most
predominately used in the Lower Fraser Valley are soluble sources (urea and ammonium
sulphate), coated ureas (sulphur and resin), synthetic organics (IBDU and ureaformaldehyde) and
natural organics.  IBDU is a good source of nitrogen during the cooler moister periods of the
year, because of its release mechanism.  The greatest drawback to the use of IBDU is its relatively
high cost.  The use of coated products is very common and the new coating technologies offer
greater dependability in the nitrogen release rate.  Most fertilizer companies are now selling high
quality fertilizer blends which contain a variety of nitrogen sources.

South Thompson River Valley Region

Turfgrass

With respect to turfgrass selection, the most significant difference between the Lower Fraser
Valley region and the South Thompson River Valley region is the increased predominance of
Kentucky bluegrass.  Kentucky bluegrass is well adapted to the region and replaces perennial
ryegrass as the dominant grass on fairways and rough.

In rough areas, hard and sheep fescues are being used more frequently.  Superintendents are also
selecting crested wheatgrass and fairway wheatgrass in rough areas which are not part of play.

Pest Management

Insects

Insect problems are not common at golf courses in the South Thompson River Valley region.

Diseases

Although brown patch and leaf spot diseases are similarly controlled in the South Thompson
region, they are less common than in the Lower Fraser Valley.  Red thread and Pythium are also
less commonly reported due to the more arid climate.  Snow molds, in particular gray snow mold,
are a serious problem in the South Thompson region and in some areas during the summer, dollar
spot is also a concern.

Differences exist in the control of snow molds in the South Thompson region, particularly with
respect to cultural controls.  Because of the seriousness of gray snow mold problems,
preventative treatment of greens and tees is often required.  Also, covers are more frequently used
for the protection of greens and fences are used to control the accumulation of snow.  Fairways
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are generally not treated due to the cost.

Dollar spot is treatable with most fungicides, with the exception of chloroneb.  An approach used
to lessen the impact of dollar spot is the slight increase of nitrogen applications.

Weeds

Weed problems and treatment methods in the South Thompson region are comparable to the
Lower Fraser Valley region.  Exceptions are the existence of Russian and spotted knapweed in
areas along fence lines and parking lots and in unirrigated rough and the less common occurrence
of spotted cats-ear.

Fertilization

In general, the approach to fertilization is similar to the Lower Fraser Valley region.  However,
the shorter growing season in the South Thompson region reduces the need for nitrogen (see
Table 4.2).  Because of the distinct period of time during which the ground is frozen, late fall
nitrogen fertilization is effectively used. 

Iron levels may be deficient where soils have high pH values or where treated sewage effluent has
been used for irrigation (iron chlorosis).  This is often mitigated with foliar applications of ferrous
sulphate or ferric chelates.  Application of iron for uptake by grass roots is not as effective.

Prince George Region

Turfgrass

Kentucky bluegrass and fine fescues are the dominant grasses for fairway and rough areas. 
Perennial ryegrass is a component of most seed mixes, but generally does not comprise more than
20% of the mix.  It is not well adapted for the climatic conditions of this region and therefore
behaves more like a short lived perennial in this area.

Creeping bentgrass is used for greens and occasionally tees.  Creeping bentgrass is one of the
most cold tolerant grasses, so its use on tees depends more on management levels than climate.

Pest Management

Insects

Insect concerns on golf courses in the Prince George region are not common.

Weeds

The weeds encountered in the Prince George region and the control methods employed are similar
to those of the South Thompson region (with the exception of smooth crabgrass which may not
be prevalent).  Any management differences are due to the shorter growing season, which
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compresses operations into 4 to 5 months.

Diseases

Coprinus snow mold and Low Temperature Basidiomycete snow mold are particular problems in
the Prince George region.  Again, the snow mold group of fungi are the only diseases for which
there is a regular preventative treatment program.

Fertilization

The lower rates of fertilization in the Prince George region, as shown in Table 4.2, are a reflection
of the region’s shorter growing season.  IBDU, coated and soluble fertilizer products are
commonly used in the region.  However, due to the short period of warm soils, nitrogen fertilizers
which depend upon microbial mineralization, such as ureaformaldehydes and organic sources, are
less effective nutrient sources.
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5.0 BEST MANAGEMENT PRACTICES REVIEW

To identify existing golf course Best Management Practice documents and/or initiatives towards
the development of Best Management Practices, a search of select electronic databases was made
and government representatives and golf associations were interviewed.  It was evident that while
Integrated Pest Management (IPM) plans are prevalent at U.S. golf courses (their existence is
limited in Canada), Best Management Practice documents are not as common.  Some may argue
that the difference between the two is a matter of semantics.  However, in general, while
integrated pest management plans are comprehensive management documents and integral to a
BMP plan, BMP plans are considered to address a broader range of environmental impacts and
concerns.

5.1 DATABASE INFORMATION

The Turf Grass Information File (TGIF) at Michigan State University is an excellent database on
topics relating specifically to golf course management.  A subscription to this source is US$75 per
year. Mr. Pete Cookingham, Project Manger for this initiative, may be contacted for further
information.

A search for documents pertaining to golf course management was conducted through the NTIS
database (for U.S. government publications) and the Water Resources and Environmental
Abstracts databases (for commercial publications).  With the exception of one EPA document, 
Integrated Pest Management for Turfgrass and Ornamentals, this search did not reveal any
existing IPM or Best Management Practice (BMP) plans or planning guides.  However,
innumerable articles were found on issues relating to the environmental impacts of golf courses. 
These articles have been categorized in Table 5.1 into chemical use, water quality, stormwater
management and other environmental issues.  Further articles on these topics can also be found in
a journal entitled Golf Course Management (this journal was not included in the databases
searched).  A review of the EPA integrated pest management document is provided below.

Integrated Pest Management for Turfgrass and Ornamentals, 1989

This EPA document is the product of a symposium held at the 1987 American Chemical Society
meeting.  Topics addressed included the problems associated with the chemical control of pests,
benefits of the Integrated Pest Management (IPM) approach, research regarding pests and
chemical application sites, research on the biological control of pests, current pest control
practices and IPM development.  Of particular interest to this study were the papers on surface
runoff and IPM development. 
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The paper entitled Surface Runoff from Turf discussed some of the observations and/or
conclusions of research efforts relating to the effects of turf on surface water movement.  Overall,
it was concluded that turf can provide stabilizing effects with to respect runoff quantity and
quality:  runoff rates are decreased, runoff initiation times are increased and sediment loss and
nutrient and pesticide levels are reduced.  As untreated turf buffer strips have been shown to be
effective in achieving these benefits, some jurisdictions have recommended buffer strips between
treated fields and receiving waterbodies.  The sodding, rather than seeding, of critically-sloped
areas during the initial stages of construction has also been found to significantly reduce runoff. 
Finally, it was noted that the quantity of pesticides emanating from a turf site in surface waters
will be dependent on a number of factors.  They include:  the amount of pesticide applied; rate of
pesticide degradation; soil adsorptive tendencies; pesticide volatilization; pest pressure; rainfall
intensity; topography; and landscape design.

The paper, Development of an IPM Program for Turfgrass, provided an overview of the purpose
of integrated pest management programs, listed key components of a management system and
provided brief examples of IPM strategies for high management turf, such as greens and tees, and
also low and medium management turf.  The purpose of integrated pest management was defined
as:

"... the coordinated use of pest and environmental information with available pest
control methods to prevent unacceptable levels of pest damage by the most
economical means and with the least possible hazard to people, property and the
environment."

The steps deemed necessary for the development of a management system were:

1. Define the roles of those involved in the management system and establish communication
between them.

2.  Determine the management objectives.

3.  Set action thresholds.

4.  Monitor the site regularly to determine when the action threshold has been reached and
the effectiveness of any actions taken.

5. Make the site environment incompatible with pest needs.

6. Use the appropriate pesticide (with respect to maximizing pest contact time, while
minimizing the hazard to people, property and the environment).

7. Evaluate the results of habitat modification and pesticide use.

8. Keep written records of pest management objectives, monitoring methods and results,
actions taken and the results of actions taken.

The elements of this paper's plan for high management turf focussed on pest-resistant grass
varieties, pest control alternatives (ie. biological, mechanical controls), irrigation practices,
pesticide selection and application, monitoring and education.
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It was noted that the EPA has proposed the development of an IPM demonstration project at
several courses in the northeastern United States -- the high profile of golf courses and their need
for high levels of management have made courses targets of environmental concerns.  In addition,
cooperation between the Massachusetts government, universities and golf course superintendents
association has resulted in the implementation of IPM programs at golf courses across the state.

The final paper of direct relevance to this study was entitled Integrated Pest Management in the
Golf Course Industry:  A Case Study and Some General Considerations.  The case itself is not
particularly applicable to this study as it discusses the experiences of a particular development in
addressing the myriad of U.S. environmental regulations.  However, as part of this paper the
advantages of the IPM approach were discussed. 

Five advantages were highlighted.  The first one was that IPM offers better control:  the
encouragement of natural pest predators offers more effective control, as the risk of killing
beneficial organisms through the use of non-selective chemical pesticides is reduced.  Secondly,
pest resistance is avoided:  excessive use of chemicals can lead to the development of resistant
organisms and increased chemical requirements.  Healthier turf is also a benefit of the IPM
approach:  increased chemical use increases the risk of misuse or mishaps, potentially causing turf
stress or decreasing turf quality.  Safety and cost factors can improve:  with every chemical
application avoided, the associated human and environmental risks are avoided and cost savings
are realized.  Finally, the IPM approach furthers professionalism:  an IPM calls on an
understanding of agronomics and management skill to further the long term viability of land, thus
highlighting the value of a good superintendent.

5.2 GOVERNMENT INITIATIVES

The investigation into the efforts of regulatory agencies with respect to the development of golf
course Best Management Practices included contact with the Great Lakes Pollution Prevention
Office (Ontario), King County Environmental Division (Washington), Washington State
Department of Ecology and the City of Palo Alto Environmental Compliance Division
(California). 

City of Palo Alto Environmental Compliance Division

California, out of all of the U.S. states, perhaps has made the greatest effort towards addressing
the environmental impacts of golf courses.  However, the BMPs developed in that jurisdiction
generally have limited relevance to B.C., primarily due to climatic differences (16).  For this
reason, the attempts to contact Palo Alto's Environmental Compliance Division were not pursued
further.

Great Lakes Pollution Prevention Office

The Great Lakes Pollution Prevention Office, an initiative of Canada's Green Plan, provides
training, technical assistance and information regarding pollution prevention initiatives.  While not
responsible for the development of pollution prevention guidelines, the Office is a valuable source
of information from throughout North America.  The Office conducted a search of documents
pertaining to golf course Best Management Practices and was able to provide a number of
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relevant publications and contacts.  These included the USGA Green Section publications and
information on the Audobon Cooperative Sanctuary System.  These are discussed in Sections 5.3
and 5.4 respectively.

No initiatives directed specifically towards pollution prevention at Ontario golf courses could be
found through either the Pollution Prevention Office or the Ontario Ministry of Environment. 
However, Ontario's Ministry of Agriculture has published Recommendations for Turfgrass
Management (11).  These recommendations are intended for a range of turf uses:  from nursery
sod and home lawns to athletic fields and golf courses.  The 1993 document presents information
regarding:

• pesticide use
(ie. health and safety precautions with respect to pesticide storage, handling and
application; pest resistance; waste disposal; and relevant publications)

• soil management and fertilizer use
(ie. soil sampling, plant analysis, fertilizer use)

• turf management
(ie. turfgrass species and varieties, renovation and retardation; turf establishment; and
cultural and chemical control of insects, disease and weeds)

Again, the specific initiatives of Ontario are of limited relevance to B.C. due to the generally
greater temperature and humidity extremes in Ontario (ie. colder and dryer winter months and
hotter and more humid summers) and the greater number of pests to be contended with.

Washington State Department of Ecology

The initiatives of Washington State are of greatest interest to this study, as its climate, topography
and geology most closely resemble B.C.'s.  Discussion with a representative of the Washington
State Department of Ecology revealed that the regulation of golf course activities typically falls
within the mandate of the Counties.  The State is currently focussing its attention on irrigated
agriculture and has not developed any guidelines specifically for golf courses (12).  The State has
however indirectly addressed aspects of golf course operation as part of their Stormwater
Management Manual for the Puget Sound Basin (13).

The Manual addresses all activities potentially affecting surface water quality.  Thus, it contains a
section addressing the water quality concerns associated with golf courses.  Activities for which
recommendations are provided include lawn management, irrigation, fertilizer and pesticide use
and weed suppression.  Courses are also asked to comply with all other relevant BMPs in the
manual:  the stormwater treatment BMPs for parking lots, the integrated pest management BMPs
and BMPs relating to pesticide use, storage and spill control. 

King Country Environmental Division

A number of people within the King County organization were contacted regarding the document
entitled Best Management Practices for Golf Course Development and Operation (14) which
was developed for the County in 1993.  Unfortunately, as a result of the amalgamation of Metro
(Seattle) and King County, those individuals extensively involved in the preparation of the
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document are no longer with the County and could not be reached.

The King County BMPs focus primarily on practices related to the planning and construction of
golf courses, with limited discussion of operational practices.  The BMPs are thus aimed primarily
at proposed courses and not necessarily at existing courses.  They are enforceable only in sofar as
there are regulations which coincide with the recommended practices (for example,
recommendations which also form part of the Sensitive Areas Ordinance, King County Surface
Water Design Manual or the State Environmental Policy Act).  To increase awareness and
hopefully compliance with the document, the King County Environmental Education Group is
responsible for distributing the BMP manuals and presenting introductory courses on the material.
 (15)

The following topics are addressed in King County's BMP document:  land use planning and
regulatory framework, golf course BMPs and planning, wildlife habitat, water consumption and
conservation, hydrology and stormwater control, geology and groundwater, turfgrass
maintenance and operation, water quality management and chemical selection.  While the BMP
manual does cover a wide range of relevant issues, it has come under some criticism.  The manual
was apparently prepared within a short time period (six months), drawing heavily upon guidelines
applicable to a national scale.  As a result, many in the turf industry feel that the recommended
practices are not necessarily relevant or effective in King County (16). 

It is the responsibility of the various cities and counties in Washington State to have some form of
a stormwater management program in place.  This can entail simply adopting the State
stormwater management manual, or a modification thereof, or developing their own manual.  In
the case of King County, the County developed its own Stormwater Pollution Control Manual
(17).  This Manual contains BMPs related to integrated pest management and herbicide and
pesticide use, as well as recommending compliance with the County's Golf Course BMP Manual. 
The stormwater manual is however only part of a voluntary compliance program.  Active
enforcement of the BMPs, and any further necessary measures to correct polluting conditions,
only occurs in the event that complaints are received regarding a business' impact on surface
water quality.

Other Initiatives in Washington State

The Seattle Water Department, the Everett Public Works Department and Tacoma City Water
have jointly produced a brochure providing information on the principles of turfgrass
management: Principles of Turfgrass Management:  Water Use and the Healthy Lawn (18).  The
brochure is directed towards both landscape professionals and home gardeners, however, it is
relatively straightforward and is likely intended more for private lawn care.  Because it is based on
research conducted in western Washington at the Washington State University Research and
Cooperative Extension Program, it is considered more applicable to this jurisdiction than
information derived from other parts of the country.  Topics covered include turfgrass needs,
problems and solutions (ie. sampling, thatch depth, compaction, overseeding, topseeding, etc.);
turfgrass types suitable to western Washington and their characteristics; and irrigation methods.

Dr. S. Brauen, a researcher in the Washington State University Cooperative Extension Program,
is actively involved in golf course operation and management issues throughout the State.  With
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respect to Best Management Practice manuals, he is aware of only the King County initiative. 
Thurston County in central Washington State apparently also has some restrictions affecting golf
courses.  The Thurston County restrictions pertain to the use of certain pesticides and while aimed
at golf courses, are applicable to all commercial turf applications. (16)
British Columbia

In B.C., the only environmental guidelines specifically for golf courses were developed by B.C.
Environment in 1992.  At this time, the Fish and Wildlife Management Branch developed a
document entitled Guidelines to Protect, Maintain and Enhance Fish and Wildlife Habitat on
and adjacent to Proposed Golf Course Developments and Existing Course Re-Developments on
Lowland Areas (19).  While these guidelines were developed for Region 2 of B.C. (covering
approximately the Lower Mainland to Boston Bar), for the most part they identify generic issues
related to course development.  The Guidelines discuss leavestrips, fairway orientation with
respect to streams, stream crossings, integrated pest management (in very general terms), water
hazard design and course construction materials. 

(Note:  With respect to wildlife considerations, there is also a 1992 B.C. study entitled A Survey
of Pesticide Use and Bird Activity on Selected Golf Courses in B.C. (30).  It provides a limited
inventory of pesticide use on courses throughout the province, discusses the potential impacts of
pesticides on birds and provides some recommendations for encouraging and safe-guarding bird
life.)

5.3 GOLF ASSOCIATIONS

The various North American associations dedicated to the golf industry appear to be active in
attempting to address the environmental concerns raised with course construction and operation.

The Royal Canadian Golf Association has developed three sets of guidelines as part of their
Environmental Guidelines for Canadian Golf Clubs (20).  One set of guidelines is directed
towards golfers, the second, course designers and developers, and the third, golf course directors,
managers and superintendents.  Because these guidelines are intended to be applicable on a
national scale, they are out of necessity quite general.

In the U.S., a number of national associations have established environmental protection
initiatives.  These include the U.S. Golf Association (USGA), the American Society of Golf
Course Architects and the Golf Course Superintendents Association of America. 

The U.S. Golf Association, through its Green Section, has sponsored and continues to sponsor
numerous studies evaluating the effects of turfgrass management and golf course development on
the environment.  These research efforts are documented in numerous publications including, to
name a few, Golf Course Management & Construction:  Environmental Issues, annual
environmental/turfgrass research summaries, the USGA Green Section Record (turfgrass
management publication published six times annually) and Wastewater Reuse for Golf Course
Irrigation.  While there are no documents devoted to integrated pest management or best
management practices, these topics are regularly addressed as part of the aforementioned
publications.
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The American Society of Golf Course Architects has published:  An Environmental Approach to
Golf Course Development.  This document addresses the environmental issues often encountered
in the development of golf courses and provides eleven case studies illustrating the environmental
issues faced and the measures taken.

Journal articles and other publications on various topics associated with environmental issues are
available through the publications department of the Golf Course Superintendents Association of
America.  The Association itself however has not developed guidelines for BMP plans or IPM
programs.

The Pacific Northwest Golf Course Superintendents Association, whose jurisdiction encompasses
the area from the Pacific coast to the Cascade Mountains in Washington State, was contacted
regarding  their environmental initiatives.  They also have not yet developed any guidelines or
recommendations for golf course management nor are they aware of anything having been
developed by any other agencies in their jurisdiction or neighbouring jurisdictions (22).

5.4 OTHER ASSOCIATIONS

The Audobon Society, in cooperation with the Royal Canadian Golf Association and the U.S.
Golf Association, has developed a Cooperative Sanctuary Program for golf courses to help
promote ecologically sound land management and conserve natural resources.  Upon registering
with the Society and completing a resource inventory, the Society will develop a management
strategy for the golf course, recommending projects in the area of integrated pest management,
water conservation and wildlife habitat enhancement.  Upon achieving a high degree of
environmental quality on a course, a Certificate for Achievement may be granted in categories
such as Water Quality Management, Integrated Pest Management, Water Conservation,
Environmental Planning, Wildlife and Habitat Management and Member/Public Involvement.

The Iowa State University and University of Minnesota Extension Programs have jointly
published a document on turfgrass management:  Turfgrass Management for Protecting Surface
Water Quality (23).  This booklet provides information on responsible fertilizer and pesticide use
and the mechanisms of fertilizer and pesticide transfer to ground- and surface water.  While the
information is directed primarily towards lawns, reference is made to golf course turf
management.  The document draws upon over 60 publications for its information and guidelines. 
It points to research findings that show that not only does healthy turf reduce runoff volumes and
increase runoff initiation rates, but that with responsible application practices the leaching or
runoff of nutrients and pesticides is minimal.  The document concludes with:

"Protecting surface water and groundwater is not something to be taken lightly. 
But neglecting turf areas for fear of introducing nutrients and pesticides into water
supplies is not a way to protect these resources.  Properly maintaining turfed areas
with appropriate but modest use of fertilizers and pesticides will do more to
protect water resources than to hurt them."
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6.0 ECONOMIC IMPACTS OF BMP IMPLEMENTATION

The economic analysis of Best Management Practice (BMP) implementation, particularly on a
quanitative basis, is difficult due to the site specific nature of golf course development and
operation and the number of factors requiring evaluation.  Several persons actively involved in the
study or management of the golf course industry across North America were contacted regarding
economic impact information (either of a qualitative or quantitative nature):  Mr. R. Farentino,
turfgrass extension specialist at Cornell University, Dr. G. Stahnke, turfgrass extension specialist
at Washington State University, Ms. K. Erusha of the USGA and Mr. B. Wick, Executive
Director of the Western Canadian Turfgrass Association.  Neither were aware of any case studies
evaluating the costs/savings of BMP or Integrated Pest Management (IPM) implementation. 
Attention appears to be currently focussed mainly on the development and evaluation of IPM
techniques.  (24-27)

6.1 QUANTITATIVE STUDY

One quantitative case study was found through a search of Golf Course Management journals
(28).  Stoneridge Golf Club in Priest River, Idaho has been experimenting with IPM strategies
since 1988.  Diseases common to the area include take-all patch, leaf spot, Fusarium blight and
pink snow mold.  By 1991, the superintendent of the Stoneridge course was able to successfully
control three distinct disease outbreaks without the use of synthetic fungicides. 

Over the years, the IPM strategies employed at Stoneridge grew to include:  the application of
solely natural organic fertilizers and biostimulants on the greens (ie. fish emulsion, sea plant
extract, bone meal and compost "soup" based on digested sewage sludge and wood waste); use of
a water injection aerator; use of screened compost instead of sand as topdressing; application of
manures, commercial natural organics, fish emulsion and sea plant extract to the flower beds;
control of insects with insecticidal soap, Bacillus thuringensis, pyrethrum and rotenone;
elimination of aquatic weeds by skimming or elemental copper additions; and the manual removal
of scattered dandelion and plantain plants on green collars and fringes.  Pesticides are still
necessary for the spot treatment of larger infestations of broadleaves and white clover and for the
preventative treatment of pink snow mold in the late fall.

The impacts of these IPM strategies on the golf course's budget have been as follows:

1. Commercial natural organics are slightly higher in cost than high quality synthetics. 
However, the slow, even release of nutrients provided by the natural organics permitted a
50% reduction in the use of synthetic fertilizers.

2. The cost of the regular foliar application of fish emulsion to the greens was estimated at
U.S.$50/year.  This only partially countered the large savings generated by decreased
synthetic fertilizer use.
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3. The preparation of compost soup incurred 1 manhour/week of labour cost plus $45/year
for the commercial product base.

4. Topdressing with screened compost rather than local sands incurred a 1/3 greater cost. 
This cost was however offset by the savings on fungicides.

At the Stoneridge course it was concluded that, overall, a savings on fertilizer and pesticide
expenditures was evidenced.

6.2 QUALITATIVE STUDY

As described earlier, the quantitative study of the economic impacts of BMP/IPM implementation
is site specific in nature and requires the evaluation of a number of factors.  Thus, obtaining
sufficient data from which a generally applicable conclusion may be drawn is a time consuming
and costly process.  As little quantitative data has been collected to date, a qualitative guide was
considered more appropriate at this time.

Table 6.1 presents a matrix of factors affected by the implementation of common BMP techniques
and indicates whether a cost increase or decrease would likely be incurred.

The majority of BMP techniques employed would typically require an increase in the level of
expertise required by the superintendent or others working with the development or operation of
the golf course.  Increased expertise is expected to translate to additional training requirements
and potentially increased salary expectations.

Irrigation scheduling might require increased time commitment, due to the need to more closely
monitor irrigation system performance and the response of the turfgrass.  The complexity of the
new irrigation scheduling programs might also require additional time commitment. 

While minimizing fairway area will minimize labour requirements (fairway maintenance is more
labour intensive than the maintenance of rough), more time will need to be  spent on scouting, the
analysis of scouting results and the carrying out of additional and more frequent cultivation
operations. 

However, not all of the BMP techniques listed would necessarily result in increased labour costs. 
Improved irrigation system design would likely require less labour, as coverage and control would
be more efficient and effective (ie. a decrease in the amount of time spent hand watering would be
expected).  Improved mowing practices and the use of slow release fertilizers would both likely
achieve a reduction in labour costs.  The former would entail using the highest adapted heights for
turf, thus decreasing the mowing frequency.  The latter would result in fewer fertilizer
applications being required. 
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The majority of the BMP techniques affecting the equipment inventory will increase the capital
required.  For example, improved irrigation design will likely require more irrigation heads, more
wiring and more piping.  Carrying out a more comprehensive scouting program may require the
purchase of equipment such as dissecting scopes or microscopes.  Increased cultivation may
require a greater variety of equipment, some of which may be quite costly (ie. water injection
equipment). Finally, more expensive equipment may be required for the implementation of
improved pesticide application techniques.  In contrast however, minimizing fairway area may
potentially require fewer fairway maintenance units.

In general, the implementation of BMPs will result in increased maintenance costs.  Irrigation
audits should be performed on the irrigation system, mowers should be monitored more closely
for the quality of cut and the sharpness of blades, cultivation equipment will be used more
frequently and pesticide application equipment should be calibrated more often.  However, the use
of slow release fertilizers will reduce the need to use fertilization equipment and thus the
corresponding maintenance requirements.  In addition, if an effective scouting program is carried
out, the need to use treatment equipment may be reduced.

The effect of BMPs on the budgets for fertilizer, pesticides and water are relatively evident.  In
general, all BMP practices should result in reduced pest pressure and the reduced use of synthetic
pesticides and thus a reduced pesticide budget.  For the most part, the effect of BMPs on the
fertilizer budget will also be a reduction.  However, to a certain extent, the reduction could be
offset by the increased expense of slow release fertilizers.  The improved efficiency and
effectiveness of golf course irrigation system design and irrigation scheduling, the reduced size of
fairways, more appropriate cultivar selection, improved scouting (and thus better control of pest
pressures which may necessitate increased water use for mitigation), improved infiltration due to
cultivation practices, and reduced pesticide application will all result in reduced water use.

The relative impacts of each BMP technique on a golf course's budget must be assessed for each
course individually.  They will be dependent in part on the degree to which the superintendent
carries out the BMP techniques, the success of the techniques and the conditions to be contended
with at the course.  It should also be recognized that an evaluation that considers only the factors
having a market value has limitations.  A cost/benefit analysis that considers typically non-
quantifiable benefits may ultimately be more valuable to overall golf course management.
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7.0 CONCLUSIONS & RECOMMENDATIONS

The golf industry has become the focus of numerous environmental concerns, ranging from
surface and ground water quality impacts to impacts on wildlife habitat.  The review into existing
Best Management Practice (BMP) plans revealed that various golf associations, university
extension programs and, to a more limited extent, government programs are involved in
addressing these concerns.  Many studies evaluating the effects of turfgrass management and golf
course development on the environment have been sponsored and many publications documenting
these research efforts have been prepared. 

Of particular interest is recent research providing evidence of the immobility of several turfgrass
fungicides, herbicides and insecticides:  investigations at four worst case scenario golf courses in
Cape Cod, Massachusetts did not detect any pesticides at toxicologically significant levels. 
Commonly used pesticides such as dicamba, chlorothalonil, 2,4-D, mecoprop, iprodione and
diazinon were rarely detected or not detected at all (23).  Research has also indicated that
management practices leading to healthy, dense stands of turfgrass can significantly decrease not
only the quantity of surface runoff and erosion, but also any nutrient and pesticide losses.  Thus,
while some golf course studies have found that there is a potential for a build up of metals in on-
site soils and that pesticides and elevated nutrient levels may be evidenced in some ground- and
surface waters, environmentally responsible management has been found to limit these impacts. 

In this study's limited field investigation, pesticides were detected in 3 of the 15 background and
rain event water samples.  However, none were found at levels above the Canadian Water
Quality Guidelines.  Only one sediment sample revealed a pesticide level above the detection
limits.  Elevated levels of metals,  above B.C. Environment's Water and Sediment Quality Criteria
or Canada's Water Quality Guidelines, were noted in all of the samples collected.  High levels of
copper were detected in all surface water and sediment samples.  High levels of arsenic, lead,
chromium and zinc were detected in a number of the samples.  The presence of these metals may
be attributed to a number of factors:  natural sources such as the soil's parent material or human
sources such as atmospheric deposition, piping, road run-off, fertilizers or pesticides.  In addition,
past or present golf course practices could be contributing to the elevated metals levels or
upstream agricultural practices or past on-site agricultural practices could also be augmenting
these levels.  Due to the limited sampling conducted, the actual causes of the elevated metals
levels can not be confirmed.

While the BMP review did discover that much research has been conducted into environmental
impacts, it also found that there has not been much activity with respect to the development of
Best Management Practice guides for the mitigation of environmental impacts.  Some golf
associations have developed environmental guidelines (ie. the RCGA) and some local, regional
and provincial/state governments have also begun to prepare guidelines.  However, government
initiatives directed specifically towards the environmentally responsible development and
operation of golf courses are limited.  The majority have provided guidance to golf courses only
indirectly, through either stormwater management manuals or pesticide use regulations.
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The lack of BMP guides is likely attributable to two factors:  i) the site specific nature of BMP
plans and ii) the current focus on Integrated Pest Management (IPM). 

Golf course management is influenced by a range of site specific variables including climate, soils,
geology, turf selection, pest types, the sophistication of the superintendent, the development and
operating budget of the course and the demands of the ownership and the players.  Thus,
management plans derived upon information from another region may not be applicable, because
plan details can vary not only between and within biogeoclimatic regions and but also between
and within courses.  Management plans prepared on a provincial or state wide basis need to be
relatively general in nature.

Integrated pest management calls on turfgrass growth, pest and environmental information for the
control of unacceptable levels of pest damage by means which are economical and minimize
hazard to the environment.  While integrated pest management forms an essential component of a
management plan and is essential to the economic and environmental sustainability of a golf
course, management plans are intended to also address other golf course practices potentially
deleterious to the environment (ie. stormwater management, pesticide and fertilizer storage,
equipment washing).

This study found that many superintendents already practice aspects of environmentally
responsible management (ie. Integrated Pest Management practices or Best Management
Practices).  However, because  many superintendents have not been able to obtain full stakeholder
buy-in nor have they prepared a documented management plan or implemented a formal
monitoring and recording program, the full advantages of a management plan have not been
realized.  In addition, it was found that the application of BMP principles varied considerably with
a number of factors including the age and location of the course and the education and initiative of
the superintendent.

It may be concluded that the success of a BMP plan will ultimately fall to the superintendent and
his/her staff.  They are typically not only responsible for developing a plan tailored to a course and
the day to day implementation of the plan, but are also responsible for acting as liaison between
the golf course and government representatives and addressing the demands of the owners and the
players.  Therefore, in addition to preparing BMP planning guides to assist superintendents, there
is a need for an educational program to provide both the rationale and the tools for implementing
plans.  In this respect, the role of government could be to:  i) assist with education regarding the
rationale for implementing BMP plans and ii) direct interested parties to appropriate information
sources.  For maximum benefit, the educational program should be aimed not only at the
practicing superintendents, but also at university extension programs providing advice to industry,
colleges training future superintendents, suppliers who are often relied upon for chemical use
guidance and owners and players placing demands on the superintendents.
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