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The perception of a long-term cost advantage of synthetic infill turf systems relative to

natural grass systems has contributed to a rise in their popularity in the USA. However, few

comprehensive cost assessments of natural grass and synthetic infill systems exist. There are also

no studies looking at interactions between surface quality, maintenance practices, and real foot

traffic on athletic surfaces. Currently, simulated traffic is the most commonly used method for

assessing wear tolerance on athletic playing surfaces. This series of case studies took five natural

grass and five synthetic infill fields in the Willamette Valley, OR, and gathered information on

their maintenance practices, costs of installation and maintenance, surface quality data, and

player use hours from field managers, athletic directors, coaches, online schedules, and player

rosters. This information was used to perform a life cycle analysis and find the maintenance cost

of providing an hour of player use for both field types. A simple linear regression analysis was

also performed exploring the relationships of maintenance practices and real player traffic with

percent green cover and surface hardness on natural grass surfaces, and infill depth and surface

hardness on synthetic infill surfaces.
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Findings from this work determined that the average cost of installing a synthetic field

was $162.66 m2 and the average annual equivalent was $20.10 m2. The average cost of

installing a natural grass field was $45.61 m2 and the average annual equivalent was $10.11 m2.

It was found that the average cost of providing an hour of use to a single person was $3.48 for

the natural grass fields averaged and $3.25 for the synthetic fields.

This series of case studies suggests that mean percent green cover showed little variation

across the month of July and no variation in the month of November on natural grass fields. The

only statistical difference was likely associated with the lack of summer irrigation on one of the

fields in the month of July. This was likely due to good growing conditions under irrigation in

the summer and excess soil moisture in the rainy season. Reducing mean surface softness on

natural grass fields was attributed to increased cultivation events leading to firmer fields while

higher mowing heights were associated with increased surface softness in July and November.

With synthetic infill fields there was a correlation between surface softness and infill

depth. The maintenance practices of brooming and grooming, followed by debris removal, and

crumb rubber replacement were associated with improving surface softness and increasing infill

depth.
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Chapter 1

Literature Review

Introduction:

The popularity of synthetic infill turf systems is on the rise in the US.  Installation rates of

synthetic turf systems in the United States were expected to increase by 20% from 2005 to 2009

and over 400 fields were installed in 2004 (McNitt, 2005). Today it is believed that there are

currently over 8,000 synthetic multi-use fields in the United States (Synthetic Turf Council,

2016). Part of the reason for this rise in popularity is the belief that these fields have the ability

to be heavily scheduled with consecutive events, maintenance is less expensive, and play is less

restricted by weather. Little published data on field construction, maintenance, and use is

available, and has contributed to discussions based on assumptions over the costs associated with

natural turfgrass and synthetic infill systems.

Construction and maintenance of the two fields vary greatly.  Synthetic fields typically

have a high initial construction cost (STMA, 2008) and low maintenance requirements compared

to natural grass fields.  Synthetic system maintenance is primarily involved with debris removal

and preventing pile fiber matting.  Natural grass systems have a variety of installation cost

depending on the type of field being installed (STMA, 2008) and more intensive maintenance

practices involving mowing, fertilization, irrigation and cultivation requiring more labor hours

and annual maintenance budgets.

Natural Grass Installation:

The cost of installing a natural grass field has much more variance than synthetic turf

fields due to the number of different field types.  There are primarily four different natural grass

systems in use today, which include on-site native soil, delivered top soil, conventional sand-
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based, and sand capped fields.  Items that can affect the cost for most of these systems include

the type of turfgrass cultivar, sodding the field versus seeding the field, sod thickness, the cost of

freight, irrigation and drain tile specifications, the cost of engineering and design, using on site

soil, shipped topsoil or manufactured sand, and finally sand depth (STMA, 2008).

Natural grass with on-site native soil is the least expensive of these field types ranging

from $9.68 to $16.14 per m2 (STMA, 2008). A field of this type within NCAA dimension

regulations, a length of 100m to 110m and a width of 60 m to 75m field (NCAA , 2014), has a

minimum cost of $77,760 and a maximum cost of $129,600.  Construction for this field type

involves rough and laser grading of the surface, irrigation installation, seeding, sodding or

sprigging, clean up, fertilization and liming addition (STMA, 2008). Natural grass with delivered

top soil ranges from $24.21 to $56.49 per m2, giving a minimum and maximum of $194,400 and

$453,600 per field.  This cost is based on adding 5 to10 cm of topsoil, topdressing, demolition of

previous surface, sod installation, and irrigation installation (STMA, 2008).

Sand capped field involve all the same methods used to install a top soil field, with the

exception of utilizing a 10 to 15 cm layer of sand instead of delivered topsoil.  These fields range

from $43.00 to $70.00 per m2 giving a field of this type within NCAA dimension regulations a

price of $345,600 and $561,600 (STMA, 2008).

Conventional sand-based fields with irrigation and drainage are the most expensive and

performance oriented of the natural grass fields and are typically constructed for professional

sports and colleges.  It utilizes all of the same processes involved in constructing a sand-capped

system with the following exceptions.  It includes 10 to 15 cm perforated drain pipe under a 7.5

to 10 cm gravel layer under a 20 to 30 cm layer of sand.  The cost for installing a natural grass
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sand-based field with drainage ranges from $75.32 to $107.60 per m2 giving a field of this type

within NCAA dimension regulations a price of $45,450 and $864,000 (STMA, 2008).

Natural Grass Maintenance:

Maintenance costs of natural grass fields are largely dependent on the maintenance plan,

labor hours, and equipment costs. Case studies on annual field maintenance on natural grass

systems would suggest that the amount spent on maintenance varies greatly with the level of

athletics being supported. The estimated annual maintenance costs of natural grass systems

ranges from $5,500.00 (Facilities and Operations, 2006) to $48,960.00 (Brakeman, 2005), while

the annual maintenance on synthetic infill systems ranges from $5,000.00 (Adamson. 2008) to

$29,000.00 (Turfgrass Resource Center, 2006). A good maintenance plan utilizes mowing,

irrigation, fertilization, cultivation and pest management in order to control the visual quality,

surface stability, and consistency (Kowalewski et al., 2015).

Visual quality of perennial ryegrass (Lolium perenne L.) (PR)), as a function of color and

density, was found to increase as mowing height decreased from 6.3 cm to 3.8 cm (Miltner,

2005). However, as height of cut decreased from 50 mm to 18 mm, weed encroachment

increased, wear tolerance decreased, and ground cover decreased (Hume, 2003). Research

conducted by Debels (2012) found that decreasing mowing height from 6.0 cm to 3.5 cm

increased common dandelion abundance by 32% and crabgrass by 74%. Turf quality at higher

mowing heights was found to be positively correlated with drought resistance when irrigated at

25 % of evapotranspiration (ET hereafter) (Shahba, 2014) and at 80% ET (Debels, 2012). Turf

quality decreased linearly in all cultivars as irrigation rates decrease towards 25% ET where all

cultivars reached unacceptable quality with shorter mowing treatments of 35 and 25 mm

(Shahba, 2014).
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The strong relationships between soil moisture content and surface hardness suggest that

managing soil moisture is considerably more important than aeration practices in reducing the

surface hardness (Baker, 1999). On turfgrass horse tracks, surface hardness was found to be

more associated with soil moisture than any of the four different cultivation treatments. Hardness

ranged from 70 to 85 gravities depending on which of the four aeration practice were used.

However, it ranged from 30 to 100 gravities as percent soil moisture by volume increased from

20% to 50%. As soil moisture content increases leaf expansion rate and growth rate increase of

PR in a silty clay loam until soil exceeded field capacity at which point leaf extension rate began

to decline (Laidlaw, 2009) . Under periods of drought stress followed by over-head irrigation or

precipitation leaf extension rate increased quadratically. A loss in soil moisture can cause a loss

in turf quality (Yiwei, 2009). Percent soil moisture dropping below 15% can lead to unacceptable

turf quality in PR due to disease and stand thinning.

Fertilization is a necessary practice to support both turf quality and wear recovery.

Increasing annual rate of nitrogen (N) has been shown to improve visual quality (Miltner, 2005;

Watkins, 2001; Kopp, 2002), reduce disease susceptibility (Tredway, 2001; Watkins, 2001), and

improve recovery from simulated wear by up to four weeks (Hoffman, 2010). Fertilizing with

180 kg N ha-1 y-1 resulted in higher root length, root surface area and root diameter in six

temperate grassland species (Leuschner, 2013). Increasing N rate and returning grass clippings

are both shown to increase rate of growth (Kopp, 2002). Fertilized plots have also been shown to

have fewer weeds than unfertilized plots (Debels, 2012). Applying 196 kg N ha-1 y-1 reduced

weed encroachment by up to 20% compared to control plots.

Aeration is a common practice used to mediate large amounts of water in and on a

playing surface and maintain surface stability thought the rainy season (Baker, 1999; Canaway
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1986). A trial was carried out at Nottingham Racecourse between 1996 and 1999 to evaluate the

performance of Verti-Drain (Company Name, City, State), Twose Turf Conditioner (Company

Name, City, State), compressed air and slit tine aeration (Baker, 1999). None of the aeration

treatments appeared to have any long term effect on turfgrass density or color.  There was some

evidence of higher infiltration rates when the Verti-Drain and Twose Turf Conditioner were used

but these effects were not always consistent. In other research by Canaway (1986), slit tine

aeration appeared to have no effect on water infiltration rate.  Solid-tine aeration in a sand

rootzone improved water infiltration rate by at least 10 mm hr-1. Scarifying or verticutting had

no significant effect on water infiltration. Hollow-tine aeration showed great increases before

wear was applied but ambiguous results after wear was applied.

Synthetic Infill Installation:

The first layer of a synthetic infill system is the foundation and drainage layer (Serensits,

2013).  The installation of the foundation and drainage layer begins with the excavation of top

soil and subsoil followed with the redistribution and compaction of the subsoil to form a level

foundation.  Once the subsoil reaches the designated grade, drain pipes are installed.  Corrugated

drain pipe should be placed in a trench and buried by gravel.  Although there is no current

standard for drainage gravel, the layer is typically 15 to 30 cm thick.  This trenching process

reduces the risk of clogging that can occur when the geotextile sleeve is placed over the drain

line or drain tile laid on the compacted surface.

The next layer to be installed is the shock absorbing pad which is optional on third-

generation fields (Serensits, 2013).  The shock-absorbing pad layer was originally designed to

provide extra protection in first- and second-generation systems, as the carpet layer was only

around 1.25 mm thick.  The carpet layer of third-generation infill systems may require padding if



6

the manufacturer prefers to produce carpets with short pile fibers and use less infill.  There are

several types of pads available and they are divided into two types: pre-manufactured and pour-

in-place. The most common pre-manufactured pads are styrene butadiene rubber (SBR),

expanded foam, and closed-cell urethane.  These pads are up to 15 mm thick and porous to allow

for proper drainage.  The common pour-in-place pads may consist of SBR granules or ethylene

propylene diene monomer (EPDM) granules with a polyurethane binder, 5-10% by volume.

These layers are also porous and can be up to 25 mm thick (Serensits, 2013).

The shock absorbing pad is then followed by the carpet layer which consist of four parts:

the backing, the pile fibers, the seams, and the infill material (Serensits, 2013).  The backing

comes in varying thicknesses and fibers are connected to this backing either by tufting or glue.  It

is important to note that a thinner backing will lose its pile fibers easier.  The backing is usually

made of woven or non-woven polyester or polypropylene and comes in single or multi-layer

options.  To accommodate for drainage, the backing will either be porous by design or perforated

during production. It is important that the material is resistant to both UV light and mold

(Serensits, 2013).

Pile fibers have changed over the generations of their development from the astroturf

fibers to current infill systems (Serensits, 2013).  Third generation pile fibers are much longer

than their predecessors, measuring between 40-70 mm long while astroturf measured 12.7mm

long.  There are two types of pile fibers: monofilament and split-film.  Of the two, monofilament

fibers are more frequently installed.  This fiber type is commonly attached to the backing using

glue, it resembles grass better than split-film fiber, and is more resistant to matting.  Split-film

fibers, as the name suggests, split into smaller fibers with use.  They are typically connected to

the backing by tufting; the split film design reduces infill “splash” from athlete interaction, but
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tend to be more prone to matting.  Both of these types of fiber will be produced using

polyethylene, nylon, or polypropylene.  These turf carpets are classified by facewieght (g/m2)

which typically ranges from 927g/m2 to 3708g/m2.  Faceweight is controlled by the distance

between the fibers, which can be between 9.5 to 19mm. Therefore, the closer the fibers the

greater the faceweight (Serensits, 2013).

Carpets come in sections from 3.66 to 4.57 m wide and up to 91.4 m long.  On American

football fields there is a different carpet section every five yards, and where two sections of

carpet touch a seam is required to secure them together (Serensits, 2013).  Seams can be stitched,

glued, or both. It is good practice to design a fields to use as few seams as needed.  The more

seams that exist in a field, the higher the risk of separation. This puts fields with in-laid logos at

higher risk of separation. Seams tend to be hidden better by infill systems with longer pile fibers

(Serensits, 2013).

Infill in third-generation systems consist of either 100% crumb rubber, or a sand-crumb

rubber mix.  The infill is laid to a depth of 25 to 45 mm (Serensits, 2013).  Crumb rubber for

field infill is produced from recycled tires made from SBR and has a diameter of 2 to 3 mm.

There are currently two methods used for the mass production of crumb rubber.  The first

method involves grinding the rubber into crumbs at room temperature; this class is called

ambient rubber.  The second method involves freezing the rubber and shattering it to produce

rounder, smoother crumbs than the ambient rubber method. This process is referred to as the

cryogenic method.  Producers claim that it results in a product that is more suitable for wet

conditions by producing an infill that is more resistant to movement.  This is because the

cryogenic method produces crumbs that do not float.  Both of these methods produce granules

that are highly elastic and resistant to weathering.  There are alternatives to SBR granules
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available on the market, but they are more expensive.  These include polypropylene diene

monomer (EPDM) and thermoplastic elastomers (TPE), cork, coconut fiber, ground walnut

shells, and elastomer coated sand.

The total estimated cost for construction of a synthetic field surface can range from

$69.94 to $118.6 per m2 (STMA, 2008).  The National Collegiate Athletic Association (NCAA)

regulations declare that a regulation soccer field has a length of 100m to 110m and a width of 60

m to 75m (NCAA, 2014).  Assuming we are using the maximum field range, the minimum cost

of materials, planning, and construction is $561,600 and the maximum material cost is $950,400.

This excludes any border space around the play field itself.  This estimate includes all of the

factors listed above and vary depending on freight of material, quality control testing, design,

demolition, cleanup, accessibility of heavy equipment, and the detail and intricacy of the logos

and field lettering.  (STMA, 2008) Other sources suggest the estimated installation costs of

synthetic fields range from $850,000 to $1,000,000 at $88.93 to $115.67 m2 (Turfgrass Resource

Center, 2006).

Synthetic Maintenance:

Maintenance on synthetic fields is required to meet manufacturer recommendation in

order for the warrantee to be valid (Serensits 2013).  This means that not all synthetic fields can

be treated similarly and that all synthetic fields require maintenance. There are four primary

maintenance practices used on synthetic fields to maintain low field hardness: brushing, debris

removal, de-compacting or grooming with tines or blades, and adding crumb rubber. Brushing

the field moves infill around the surface helping to alleviate compaction and stand up pile fibers

(Curtis, 2015; Serensits 2013). Brooming lifts the matted down pile fibers and loosens the top

layer of infill material.  This is accomplished using a tow-along nylon-bristled broom (Serensits,
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2013), a piece of synthetic surface turned upside-down, or coco-broom (McNitt, 2005). There is

debate over how many brushing events is appropriate to keep up with wear. Recommendations

include once per week (McNitt, 2004), once every 10 hours of use defined as 22 people using the

entire field (Curtis, 2015), to every 100 to 150 hours of group use (Cornelius, 2016). Grooming

is done to reduce compaction using rotating tines or spikes (McNitt, 2005). Grooming has been

found to lower Gmax values of infill systems by over 20 point (McNitt, 2004). Maintaining

adequate infill material is important to maintaining the longevity of the pile fiber (Cornelius,

2016). Low levels of crumb rubber can cause pile fibers to bend more than intended and break

early under traffic. Ultraviolet rays on the exposed fibers also can increase degradation.

Maintaining infill levels so that only 6 mm of pile fibers are exposed is ideal.  Debris removal is

also an important practice and can be easily accomplished with a blower. Accumulation of

organic matter may cause drainage issues and should be frequently removed (Curtis, 2015).

Metal debris is typically collected using a large magnet unit that can be pulled along with the

brush or groomer (Serensits, 2013).  Weed and moss can be dealt with using conventional

methods such as manual weeding and nonselective herbicides, such as glyphosate.  The average

cost of maintaining a synthetic field is approximately $6,000 per year, excluding the purchase

and maintenance of field maintenance equipment.  (STMA, 2008) Other resources suggest that

annual maintenance on synthetic infill systems ranges from $5,000 (Adamson, 2008) to $29,000

(Turfgrass Resource Center, 2006).

The Detroit Lions’ indoor practice facility, which has an annual maintenance budget of

$22,760, is a case that shows how expensive synthetic field maintenance can be when a field is

poorly planned (Brakemen 2005,).  Due to this field being installed indoors, it was decided that

this field did not need an irrigation or drainage system.  This decision caused contamination,
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cleaning, and painting to become major issues for this field as it now had to be manually cleaned.

The field hosts 120 events in a year, including concerts, which cause large amounts of debris to

be added to the surface increasing the cost of debris removal and additional chemical cleaners.

Injury:

Between natural turfgrass and synthetic infill systems, no statistical difference in injury

rate for professional soccer athletes was found (Lanzetti, 2016). In four Italian stadiums, two

natural grass and two synthetic infill surfaces, 43 injuries were recorded during 36 games on

each field during play time. Among the two field types 20 injuries occurred on natural grass and

23 injuries occurred on synthetic infill. The most common injuries on synthetic infill surfaces

include thigh strain/muscle rupture, ankle strain/ligament injury, and knee strain/ligament injury

with injuries occurring more commonly during game events than training (Sousa, 2013). Natural

grass injury location is comparable to that of synthetic infill fields but has also been found to

have higher rates of upper extremity injury (Almutawa, 2014). Other research would suggest that

harder natural turfgrass surfaces increase speed of play and increase the number of collisions

leading to higher rates of injury (Norton, 2010). There has also been no association found

between the number of injuries and the number of switches between natural turfgrass and

synthetic infill systems, or playing matches on an un-accustomed surface (Kristenson, 2016).

Conclusions:

In conclusion, though there is an abundance of information on costs of installation,

maintenance, and resurfacing on synthetic fields, some comparative, few comprehensive cost

assessments of synthetic and natural grass systems exist that look at installation maintenance and

resurfacing. There is also an abundance of literature on the effects of maintenance practices on

natural turfgrass and synthetic infill surfaces, and simulation of wear on natural grass plots.
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There are no studies looking at interactions between surface quality, maintenance practices, and

real foot traffic on natural grass and synthetic athletic surfaces.
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Chapter 2

Life-Cycle Analysis of Synthetic Infill and Natural Grass Systems

Abstract:

The perception of a long-term cost advantage of synthetic infill turf systems relative to

natural grass systems has contributed to a rise in their popularity in the USA. However, few

comprehensive cost assessments of synthetic and natural grass systems exist.  This study

compared the costs associated with installation and maintenance of third-generation synthetic

infill and natural turfgrass systems in the Pacific Northwest, U.S.A.  Installation costs and

maintenance budget information were gathered from managers of five synthetic and five natural

grass systems at three different facilities: a public school, a university and a parks department.

Information was collected from one natural grass and one synthetic field at the public school, and

two natural grass and two synthetic fields at both the university and public parks department.

Installation costs, field re-surfacing information, and maintenance budgets were compiled and

analyzed. Usage-hours and participant numbers for the fields described above were collected

from athletic directors, coaches, online schedules, and player rosters.  Player numbers and usage-

hours were also used to create a dollar per player use hour value.  Findings from this work

determined that the average cost of installing a synthetic field was $162.66 m2 and the average

annual equivalent was $20.10 m2. The average cost of installing a natural grass field was $45.61

m2 and an annual equivalent $10.11 m2. When dollar-per-hour of player use was taken into

consideration, the synthetic fields averaged $3.25 per player use hour and natural grass fields

averaged $3.48 per player use hour.
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Introduction:

Synthetic surfaces evolved from their original ancestor – Chemgrass, developed in 1964

– as an alternative urban playground surface, consisting of a carpet and a shock absorbent pad to

today’s synthetic infill system (Serensits, 2013). During the 1970’s and 1980’s first generation

synthetic turf surfaces started being installed in premier high schools, universities, and

professional stadiums (Morehouse, 1992). Current synthetic infill fields consist of a horizontal

backing with inlayed, vertical nylon, polypropylene, or polyethylene pile fibers which are used to

retain an infill media consisting of sand and/or crumb rubber (McNitt, 2005). In 1997, Ringgold

High School in Monongahela, PA became the first high school in the nation to install a synthetic

infill system using an infill mix of sand and crumb rubber starting an ongoing trend that we can

now be seen across the nation. It was expected that synthetic infill field installation would

increase by 20% between 2005, and 2009, (McNitt, 2005). While current field counts and

information on synthetic field installation rates are difficult to find, the Synthetic Turf Council

believes there are currently over 8,000 synthetic multi-use fields in the United States (Synthetic

Turf Council, 2016). Part of the reason for this rise in popularity is the belief that these fields

have the ability to be heavily scheduled with consecutive events and play is less restricted by

weather.

An estimate analysis conducted by the Turf Grass Resource Center (2006) on natural

turfgrass field and synthetic infill system for an eight-year warranty period found that when

combining the costs of construction and maintenance over the eight-year warranty of the

synthetic field, the combined costs of the natural grass field were less than that of the synthetic

field.  The analysis included four parts: construction, a single year of annual maintenance, eight

years of annual maintenance, and total cost. After the eight-year period the total cost for the
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synthetic field was $840,000 and the natural grass fields was $624,000. However, it did not

include the cost of resurfacing either field or look at the amount of use these fields received.

Estimated installation costs of synthetic fields range from $850,000 to $1,000,000 at

$88.93 to $115.67 m2 (Turfgrass Resource Center, 2006).  Estimated installation of sand-based

natural grass fields range from $350,000 to $500,000 at $69.94 to $85.54 m2 Another industry

source prices synthetic infill systems at $69.94 to $118.36 m2 and conventional sand-based

fields at $75.32 to $107.60 m2 (Sports Turf Managers Association, 2008).

Case studies on annual field maintenance of natural grass systems suggest that the

amount spent on maintenance varies greatly with the level of athletics being supported. Reported

values for the annual maintenance costs of natural grass systems range from $5,500 (Facilities

and Operations, 2006) to $48,960 (Brakeman, 2005), while the annual maintenance costs on

synthetic infill systems range from $5,000 (Adamson, C. 2008) to $29,000 (Turfgrass Resource

Center, 2006).

Resurfacing a synthetic field consists of removal and disposal of old carpet and infill

material, additions of new material, and labor. In a discussion with a representative of Prograss,

the cost of resurfacing a synthetic infill system was estimated to be $43.04 m2 for material and

labor. The Synthetic Turf Council ranges the cost of transporting and landfilling the product

from $30,000 to $60,000 for a 0.75 ha field ($$$/m2) (Synthetic Turf Council 2015).

Currently there has been no work quantifying the costs of maintenance and installation

across multiple natural grass and synthetic infill fields comparing them during and after the first

carpet replacement cycle. There also has been no research done on the role of player use hours

with regards to the costs associated with installing and maintain synthetic and natural grass

playing surfaces.
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The objectives of this study were to:

1) Compare the costs of installation and maintenance of natural turfgrass and synthetic

infill systems across a 20-year period

2) Establish and compare a cost-per-hour of player use value for natural turfgrass and

synthetic infill athletic fields.

Materials and Methods:

This case study assembles and compares the life-cycle costs of natural turfgrass and

synthetic infill fields in the Willamette Valley, Oregon. In order to represent a broad range of

maintenance capabilities selected fields included a public primary school, public use facilities,

and an NCAA division one facilities.  All fields included in the study met the ASTM F1963

surface hardness requirements. Fields were limited to the Willamette Valley allowing for

uniform environmental conditions across facilities. Given the previous constraints, randomly

selecting fields was an undesirable method.

The Willamette Valley resides in the cool season turfgrass zone. It has a mild climate

with cool, wet winters and warm, dry summers (Taylor, 1993). Precipitation is highly dependent

upon elevation, and ranges from around 101.6 cm near sea level, to around 203.2 cm at the

Cascade and Coastal range foothills.  Fifty percent of the valley’s annual precipitation occurs

from December through February. This study occurred along the I-5 corridor, between the cities

of Portland and Eugene. Portland’s 30 year normal average precipitation is 95 cm annually at

6.4 m above sea level while Eugene receives an average of 116.84 cm of precipitation annually

at 109.42 m above sea level. The average high temperature in the summers (30 year norm) is

around 26oC, while the low is around 4.4oC, the winter low average is around 0oC. The primary

grass species used in the Willamette Valley is perennial ryegrass (PR) or Lolium perenne
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(Kowalewski, 2015). The peak growing season of PR is from September to November, and

March to May. To sustain summer growth irrigation is required and little growth is observed in

the winter months (December to February).

In 2014-2015 installation costs and maintenance budget information was gathered from

managers for five synthetic and five natural grass fields at three different locations. For the

fields to be eligible for this analysis it was decided that at least one natural turfgrass and one

synthetic system would have to be present on the same site and managed under the same

organization to best contrast the financial input into both systems. Therefore, information was

collected from one natural grass and one synthetic field at a public school, and then two natural

grass and two synthetic fields at a university, and two natural grass and two synthetic fields at a

parks department (Table 2.1).

Maintenance:

Maintenance information (Table 2.2) was gathered from field managers and facility

directors through emails, on-site interviews, and paper or digital records when available. Annual

maintenance practices typically vary depending on the resurfacing frequency; therefore, to

accurately represent changes in year to year maintenance a 20 year cycle was constructed using

the maintenance information provided. Maintenance practices on the natural turfgrass athletic

fields this included cultural practices such as mowing, fertilization, irrigation, cultivation,

interseeding, resurfacing (i.e. sod removal and seeding or sodding). Maintenance practices on

the synthetic athletic fields included brooming, grooming, debris removal, crumb rubber

application and re-carpeting.

Creating the Budgets:
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The costs of field installation and the maintenance budgets were gathered from field

managers and facility directors. The budgets were limited to the resources that were directly

used for field maintenance including, but not limited to, mowing, fertilization, irrigation,

cultivation, topdressing, pest management, painting, and resurfacing of natural grass fields; as

well as brooming, grooming, debris removal, painting, and resurfacing of synthetic fields. Of the

fields in this study only one natural grass field had been re-surfaced, field 1, and only one

synthetic infill field had been previously resurfaced, field 7. For these fields the true cost of

resurfacing was used for their projected re-surfacing. For natural grass fields 2 through 5 no re-

surfacing was planned and were designated a cost of $0.00. For synthetic fields 6 and 8 through

10 resurfacing future costs of resurfacing were estimated using a quote by their manufacturer,

$43.59 m2.  Then the cost of disposal of old material was added to the cost of resurfacing,

estimated to be $6.03 m2 (Synthetic Turf Council 2015).

Products, equipment, fuel, rental fees, hourly wages and contracting fees were also

included in the budget analysis for the natural and synthetic fields. Maintenance work on the

surrounding areas like grand stands, additional ornamental turf areas and planters, track surfaces,

janitorial work, and lighting were excluded for the purpose of creating uniform comparisons

between the different natural turfgrass and synthetic infill fields at the different sites. Storage

areas for equipment were also excluded as there was a large variance in the facilities. These

budgets were then used to perform a lifecycle analysis, or calculate the total cost of all the factors

and restrictions above over the duration of the field’s life.

The life cycle analysis was performed using AgProfit ver. 2.0000.26 software (Oregon

State University, Corvallis, OR 2011). AgProfit was designed to compare the economic costs

and benefits of cropping management alternatives in agricultural systems over a period of several
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years, in this case natural grass and synthetic infill athletic systems. The duration of the analysis

for the included fields was determined by the years after initial installation to before field

resurfacing. Then, that same number of years were added after the first resurfacing. The model

also grouped and tracked costs associated with vehicular maintenance practices on a per field

basis. The equipment in this study was frequently used across multiple fields, and the model

accounted for the field specific usage hours. Allowing the budgets to represent the dollars spent

on the labor, fuel, maintenance, capital investment, etc. used on the included field. Labor

associated with non-vehicular maintenance practices such as edging, back-pack blowing,

irrigation repair etc. was manually entered as a line item into the budgets. Since costs are

expected to increase through time, an annual inflation rate of 3% was used on each cost item as it

occurred in the planning horizon.  Then all costs were discounted back to a net present value

(NPV) with an interest rate of 4% to reflect the opportunity cost of foregone income from those

funds being used for field installation, maintenance, and possible resurfacing.  This puts all

expenditures on an equal footing with regard to time and opportunity cost. For

maintenance/replacement scenarios with different planning lives (i.e., 16 years vs. 20 years) net

present values were converted to annual equivalents by amortizing the NPV into an annual

equivalent payment using the discount rate. An annual equivalent allows periods of different

lengths to be compared. These costs are presented in US dollars per m2 for statistical analysis

and US dollars per field for comparing to the literature (Sports Turf Managers Association, 2008;

Synthetic Turf Council, 2015; Turfgrass Resource Center, 2006). This was done to accommodate

comparisons between fields of different sizes.
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Player Use

Group hours of use were collected from reservation schedules during October 2014-

September 2015 for the natural turfgrass fields (1, 2, 3, 4, and 5), and synthetic fields (6, 7, 8 and

9). Once the group-use for the fields were recorded, player rosters were used to determine the

number of participants using the field during their reserved times. When player rosters were not

available, the number of players were estimated using the number of players allowed to use the

field in a game scenario, or one team using the field with a full line change, for the sport that

reserved the field be it soccer lacrosse, football etc. For synthetic field 10, reservation schedules

were not available, but player counts were provided by field 10’s maintenance director. Player

counts were collected by field 10’s staff on one selected weekday, Saturday, and Sunday per

month in 2014 - 2015 at hourly intervals over the course of the operation period for the selected

days. It should be noted that fields 1, 3, and 4 were closed from the months of December through

March due to the winter weather.

Statistical Analysis:

Statistical analysis was performed in Rstudio version .98.10911091 (RStudio, Inc.

Boston, MA) using a Wlech Two-Sample t-test to comparing differences in means for field

installation, annual maintenance, annual equivalent, hours of use, and cost per hour of use

between natural turfgrass and synthetic infill systems. No analysis was performed on field

resurfacing as only one natural grass field was resurfaced.

Results:

Installation:

The total cost of installing the five natural grass fields ranged from $16.29-$70.58 m-2

with a mean of $45.61 m-2 ±27.58 SD (Table 2.3). The total cost of installing each of the five
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synthetic infill fields ranged from $135.73-$221.52 m-2. The mean cost of installing the 5

synthetic infill fields was $162.66 m-2 ± 34.30 SD. The mean installation cost of the natural grass

fields in this study was significantly less than that of the synthetic infill fields at a 0.05 level of

probability (two-sample t-test: t = 5.947, df = 7.647, P < .001).

Annual Maintenance:

The cost of a single year of maintenance, excluding installation and resurfacing, for the

natural turfgrass fields ranged from $1.08-$6.10 m2, with an average of $3.80 m2 ± 2.52 SD

(Table 2.4). The cost of a single year of maintenance, excluding installation and resurfacing,

for the synthetic infill fields ranged from $.045-$1.86 m2 with a mean of $0.99 m2 ± 0.64 SD. It

is important to note the fields four, five, eight, and nine were a part of the same facility and had

the same maintenance plan but different reservation schedules. The mean annual maintenance

budget of the natural grass fields in this study was not significantly different than that of the

synthetic infill fields at a 0.05 level of probability (two-sample t-test: t = 2.422, df =4.509, p =

0.065).

Resurfacing:

Of the 5 natural grass fields only field 1, the university field, is on a schedule to be

resurfaced (Table 2.5). Re-carpeting of the 5 synthetic fields was planned for all fields after 8 –

10 years. The costs includes the price of labor, removal, carpet, rubber, and the cost of disposing

of the old synthetic infill surface. The costs of re-carpeting the synthetic infill fields ranged from

$289,674 to $456,000. The mean cost of re-carpeting synthetic fields was $376,974 ± 59,708

SD. Costs on a square meter basis are not presented on a square meter basis as comparisons for

resurfacing are not comparable as few of the natural grass fields in this study were scheduled for

resurfacing.
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Life Cycle Total Cost:

The life cycle total cost of all fields included the discounted costs of installation, the

years of maintenance between initial installation and the first resurfacing, and an equal number

of maintenance years after resurfacing. The annual equivalent for natural grass fields ranged

from $3.14-$14.89 m2, with a mean of $10.11 m-2± 6.07 SD (Table 2.6). The field used for

varsity sports at the collegiate level (field 1) had a 20-year budget that was nearly twice the 20-

year budget of the public high school field (field 2), and the parks department fields (field 3 and

4).  The university field used for public, club, and intramural recreation had the lowest annual

equivalent.  The annual equivalent for synthetic infill fields ranged from $16.95-$27.86 m2, with

a mean of $20.10 m-2 ± 4.50 SD. The mean annual equivalent of the natural grass fields in this

study was significantly less than that of the synthetic infill fields at a 0.05 level of probability

(two-sample t-test: t = 2.95, df =7.379, p = 0.02).

Hours of Use:

The annual individual use hours for the natural grass fields ranged from 11,650 hours to

34,268 hours with a mean of 21,906± 12,734 SD hours (Table 2.7). The annual individual hours

for the synthetic infill fields ranged from 16,945 hours to 136,500 hours with a mean of 70,092±

42,758 hours. Due the large standard deviations, the annual hours of use on the grass fields in

this study were not significantly different than those on the synthetic infill fields at a 0.05 level

of probability (two-sample t-test: t = 2.42, df = 4.70, p = 0.064).

Cost per Hour of Use:

The cost per individual player use hour, calculated by dividing the annual hours of use

into the annual equivalent, for the natural turfgrass ranged from $2.23 to $4.90 with a mean of

$3.48 ±1.19 SD (Table 2.8). The cost per individual player use hour for the synthetic fields
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ranged from $1.31 to $8.41 with a mean of $3.25± 2.19 SD. The mean cost of an hour of use on

the natural grass fields in this study was not significantly different from that of the synthetic infill

fields at a 0.05 level of probability (two-sample t-test: t = .022.415, df = 4.704, p = .064).

Discussion:

Installation:

The results of this study support what has previously been estimated in the literature:

synthetic fields cost more to install than natural turfgrass fields. The main differences between

this study and the estimated dollar values in the cited literature include the range in installation

cost, as well as the minimum and maximum cost of synthetic infill system installation. The

fields observed in this study cost between $1,000,000 and $1,300,000 (Table 2.6) while the

literature suggested a range of $850,000 to $1,000,000 (Turfgrass Resource Center 2006). A

possible reason for this may be that the installation of synthetic fields in NW Oregon require

more extensive subgrade work including soil stabilization and city regulations on construction of

permeable and impermeable surfaces due to the high soil clay content in the Willamette Valley

and precipitation.

Annual Maintenance:

The estimated cost of maintenance found in the literature on natural grass systems ranged

from $5,500 (Facilities and Operations, 2006) to $48,960 (Brakeman, 2005). While Annual

maintenance on synthetic infill systems ranged from $5,000 (Adamson, 2008) to $29,000

(Turfgrass Resource Center, 2006). The annual maintenance of natural grass fields in this

research ranged from $7,886.63 to $40,612.29, well within the estimated ranges described in the

cited literature. Synthetic infill annual maintenance ranged from $3,510.18 to $10,885.64 (Table
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2.7), substantially lower than the dollar values estimated in the cited literature. This low result

may be due in part to Oregon’s annual rainfall and mild climate as adequate rainfall prevented

the need for antistatic, cleaning, and cooling applications to the fields which was identified in

other work (Brakeman, 2005).

20 Year Budget:

Similar to the study that was performed by Springfield College, MA (Turfgrass Resource

Center, 2006), these results found that when combining the costs of construction and

maintenance after the life cycle analysis that the combined costs of the natural grass fields were

less than that of the synthetic infill fields even when annual maintenance was less on synthetic

fields than the natural grass fields (Turfgrass Resource Center, 2006). The average cost of a 20

year cycle for natural grass was $902,607.87 and synthetic infill was $1,901,799.55 (Table 2.6).

The Springfield College case study cited the cost or installation and maintenance at $$$ to $$$$

(Turfgrass Resource Center, 2006).

Cost per Hour of Use:

The average cost per player use hour on a natural grass fields was $3.48 and the synthetic

infill fields was $3.25 (Table 2.8). Though not statistically significant, this implies that the

number of hours used on the synthetic fields were high enough to lower the “cost” to the

maintenance department for providing 1 hour of use to a single person equal to or below that of

the natural grass fields. This is likely due to the ability of synthetic fields to have consecutive

events year round as natural grass fields are worn from repeated use and are often closed from

December through March in the Pacific Northwest. But, with a P = .064 the hours of use

between natural grass and synthetic infill fields is not considered significantly different despite

an almost 50,000 hour difference in their mean annual use. This may be the result of the
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relatively low hours of use on field 7 (Table 2.7), the public school synthetic field, with only

16,945 hours of use annually which is likely strong contributor to the SD of ±42,758.53. This

low number of hours may be caused by coaches wanting to stretch the life of the field by

reducing the number of hours for which the field is used for.

Conclusion:

The results of this study show that the combined costs of installing and maintaining a

synthetic infill field over an installation and resurfacing cycle was more expensive than that of

natural turfgrass fields. The average cost of the annual equivalent for natural grass fields was

$10.11 m2. The average cost of the annual equivalent for synthetic infill fields was almost twice

that of the natural grass fields at $20.10 m2. When comparing the annual maintenance budgets,

these fields showed that the maintenance of synthetic infill systems, averaged at $0.99 m2, was

less expensive than natural grass fields which averaged $3.80 m2. The cost-per-hours of player

use suggests that synthetic infill fields can be just as cost effective as natural grass fields with a

$0.23 difference between natural grass and synthetic infill fields. The combined expenses of

synthetic fields may have been greater than those of natural grass, but with enough player use

they can be more cost effective than natural grass.
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Chapter 2 Tables:

Table 2.1: Field type, property type, and field use demographics for five natural turfgrass and
five synthetic infill athletic fields in the Willamette Valley Oregon, U.S.A.

Field Field type Property
type

Field use demographics

1 conventional sand-based university collegiate athletes, summer camps
2 native soil public school high school athletes, public recreation, PE
3 conventional sand-based parks

department
public recreation, high school, city events,

professional practice
4 conventional sand-based parks

department
public recreation, high school, city events,

professional practice
5 native soil university intramural recreation, club sports

6 3rd generation infill university NCAA, club, intramural practice, events
7 3rd generation infill public school high school athletes, public recreation, PE
8 3rd generation infill parks

department
public recreation, high school, city events,

professional practice
9 3rd generation infill parks

department
public recreation, high school, city events,

professional practice
10 3rd generation infill university intramural recreation, club sports
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Table 2.2: Annual maintenance practices for five natural turfgrass and five synthetic infill
athletic fields.
Field Annual

Mowing
Fertilization Rates

and Frequency
Summer

Irrigation
Annual

Cultivation
Events

Inter-
seeding
Events

Resurfacing
Frequency

(years)
1 104 38.9 kg N/ha

10 x /year
Yes 2 2 5

2 20 77.8 kg N/ha
3 x /year

No 3 0 0

3 117 77.8 kg N/ha
6 x/year

Yes 4 6 0

4 117 77.8 kg N/ha
6 x/year

Yes 4 6 0

5 52 None Yes 0 0 0

1Data on field maintenance practices was gathered beginning in September of 2014. Interviews
were held the faculty who manages the labor on the field discussing field maintenance
practices and documented maintenance plans work orders were provided. All of field 10’s
regular maintenance work is performed at once via a SportChamp (SMG, Vöhringen,
Germany).

2Resurfacing includes the process of removing the old surface, grading, seeding or sodding,
additional nutrition, and contracted work. The only natural grass field in this study that is
planned to be re-surfaced is Field 1.

3Resurfacing includes the removal of the old carpet and infill material and installation of the new
carpet and infill material.

Field Annual
Brooming

Annual
Grooming

Annual
Debris

Removal

Annual Crumb
Rubber

Applications

Resurfacing
Frequency

6 8 1 52 907 kg/yr 8 yrs
7 8 0 52 299 kg/ yr 8 yrs
8 5 5 17 907 kg/yr 10 yrs
9 5 5 17 907 kg/yr 10 yrs

10 9 9 9 907 kg/yr 10 yrs
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Table 2.3: The installation cost of five natural grass and five synthetic fields. Costs are presented
by square meter to allow for comparisons between fields of different sizes.

Field Type Dollar Amount Area (m2) Cost per m2

1 Natural Grass $450,000.00 8,288 $54.29
2 Natural Grass $118,125.00 7,252 $16.29
3 Natural Grass $470,925.00 6,672 $70.58
4 Natural Grass $450,450.00 6,382 $70.58
5 Natural Grass $135,000.00 8,288 $16.29

6 Synthetic Infill $1,295,910.00 5,850 $221.52
7 Synthetic Infill $1,000,000.00 7,367 $135.73
8 Synthetic Infill $1,232,500.00 7,828 $157.45
9 Synthetic Infill $1,232,500.00 7,828 $157.45
10 Synthetic Infill $1,300,000.00 9,209 $141.16

Average Natural Grass $324,900.00 $45.61***
Average Synthetic Infill $1,212,182.00 $162.66***

***Significantly different at a 0.001 level of probability.
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Table 2.4: Annual maintenance costs for five natural grass and five synthetic infill fields. Costs
are presented by square meter to allow for comparisons between fields of different sizes.

NS = not significantly different at a 0.05 level of probability.

Site Type Dollar Amount Area (m2) Cost per m2

1 Natural Grass $40,612.29 8,288 $4.90
2 Natural Grass $7,886.63 7,252 $1.09
3 Natural Grass $38,949.28 6,672 $5.84
4 Natural Grass $38,949.28 6,382 $6.10
5 Natural Grass $8,990.62 8,288 $1.08

6 Synthetic Infill $10,885.64 5,850 $1.86
7 Synthetic Infill $10,677.19 7,367 $1.45
8 Synthetic Infill $3,510.18 7,828 $0.45
9 Synthetic Infill $3,510.18 7,828 $0.45
10 Synthetic Infill $6,640.00 9,209 $0.72

Average Natural Grass $27,077.62 $3.80 NS
Average Synthetic Infill $7,044.64 $0.99 NS
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Table 2.5: The present value of the costs of field resurfacing. Fields 1 and 7 use the true cost of
resurfacing was used. For fields 2 through 5 there are no plans for resurfacing in their future and
costs were estimated using a quote by their manufacturer, $43.59 m2.  Then the cost of disposal
of old material was added to the cost of resurfacing, estimated to be $6.03 m2 (Synthetic Turf
Council 2015).

Field Type Dollar Amount Area (m2) Cost m2

1 Natural Grass $21,600.00 8,288 $2.61
2 Natural Grass $0.00 7,252 0.00
3 Natural Grass $0.00 6,672 0.00
4 Natural Grass $0.00 6,382 0.00
5 Natural Grass $0.00 8,288 0.00
6 Synthetic Infill $289,674.00 5,850 49.52
7 Synthetic Infill $364,000.00 7,367 49.41
8 Synthetic Infill $387,600.00 7,828 49.52
9 Synthetic Infill $387,600.00 7,828 49.52
10 Synthetic Infill $456,000.00 9,209 49.52
Average Natural Grass $4,320.00
Average Synthetic Infill $376,974.80
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Table 2.6: Total costs for the duration if the life cycle analysis, field installation, maintenance,
and resurfacing included, for five natural grass and five synthetic infill fields. All costs were
inflated by 3% each year and brought back to their present value with a 4% discount rate. The
annual equivalent is presented to allow for comparisons between the different periods of
different lengths. The cost per square meter allows for the annual equivalent of fields with
different areas to be compared.

Site Duration
(Years)

Type Total Amount Annual
Equivalent

Cost
per m2

1 10 Natural Grass $881,585.68 $118,567.10 $14.31
2 20 Natural Grass $362,833.31 $27,625.23 $3.81
3 20 Natural Grass $1,269,055.30 $96,269.12 $14.43
4 20 Natural Grass $1,247,925.10 $95,015.29 $14.89
5 20 Natural Grass $341,404.97 $25,994.10 $3.14

6 16 Synthetic Infill $1,812,045.41 $162,977.36 $27.86
7 16 Synthetic Infill $1,584,896.77 $142,547.36 $19.35
8 20 Synthetic Infill $1,742,801.74 $132,694.52 $16.95
9 20 Synthetic Infill $1,742,801.74 $132,694.52 $16.95
10 20 Synthetic Infill $1,952,031.39 $178,624.39 $19.40

Average Natural Grass $72,694.17 $10.11*
Average Synthetic Infill $149,907.63 $20.10*

* Significantly different at a 0.05 level of probability.
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Table 2.7: Annual player use hours for five natural grass and five synthetic infill fields.
Site Type Annual Hour

Amount
1 Natural Grass 24,200
2 Natural Grass 6,000
3 Natural Grass 33,414.5
4 Natural Grass 34,268
5 Natural Grass 11,650

6 Synthetic Infill 69,320
7 Synthetic Infill 16,945
8 Synthetic Infill 63,906.5
9 Synthetic Infill 63,792.5
10 Synthetic Infill 136,500

Average Natural Grass 21,906.5 NS
Average Synthetic Infill 70,092.80 NS

NS = no significant differences at a 0.05 level of probability.
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Table 2.8: Cost of providing a single hour of use to a person in dollars. Calculated by taking the
cost of the annual equivalent and dividing it by the annual hours of player use for five natural
grass and five synthetic infill fields.
Site Type Annual Equivalent Annual

Hour Amount
Dollar

Amount
1 Natural Grass $1,291,820.66 24,200 $4.90
2 Natural Grass $362,833.31 6,000 $4.60
3 Natural Grass $1,269,055.30 33,414.5 $2.88
4 Natural Grass $1,247,925.10 34,268 $2.77
5 Natural Grass $341,404.97 11,650 $2.23

6 Synthetic Infill $2,114,904.77 69,320 $2.35
7 Synthetic Infill $1,956,458.13 16,945 $8.41
8 Synthetic Infill $1,742,801.74 63,906.5 $2.08
9 Synthetic Infill $1,742,801.74 63,792.5 $2.08
10 Synthetic Infill $1,952,031.39 136,500 $1.31

Average Natural Grass $3.48 NS
Average Synthetic Infill $3.25 NS

NS = no significant differences at a 0.05 level of probability.
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Chapter 3

Effect of Maintenance and Traffic on Field Quality and Playability of Natural Grass and

Synthetic Infill Athletic Surfaces

Abstract:

Currently, simulated traffic is the most commonly used method for assessing wear

tolerance on athletic playing surfaces. There are no studies looking at interactions between

surface quality, maintenance practices, and real foot traffic on athletic surfaces. This case study

collected and compared surface quality data, maintenance information, and use data on natural

turfgass and synthetic infill fields in the Willamette Valley, Oregon. The 10 fields (5 natural

grass and 5 synthetic) selected for this study include K-12 schools to the NCAA fields. Quality

data collection included surface hardness, surface and ambient temperature, percent green cover,

and surface moisture content of natural grass and synthetic infill fields. Also included was

mowing height on natural grass fields, and infill depth on synthetic fields. Maintenance practice

information, budget, and field data use were gathered from the managers of these ten fields from

October, 2014 through September, 2015. Regression analysis was performed comparing

maintenance practices, budgets, and field use to field quality data for natural grass and synthetic

infill fields. Dependent variables for the natural grass fields included percent green cover and

surface hardness. Dependent variables for the synthetic infill fields included surface hardness

and infill depth. Fields with larger maintenance budgets and more intensive practices were

correlated with greener, firmer surfaces for natural turfgrass fields and softer fields with greater

infill depth for synthetic fields. The more intensively maintained fields also were subject to

greater hours of use. Maintaining a soil moisture content between 30% to 40% through irrigation
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and cultivation proved to be the most important maintenance practices for improving percent

green cover and surface hardness and consistency on natural grass fields. Brushing was the most

significant maintenance practice correlated with low surface hardness and higher infill depths.

Introduction:

Providing a quality and safe playing surface is the primary goal of athletic field

maintenance. However, as competitive level decreases from the professional and college to

primary schools and communities, maintenance programs struggle to make ends meet which

could lead to field safety and injury concerns. Between natural turfgrass and synthetic infill

systems, no statistical difference in injury rate for professional soccer athletes was found

(Lanzetti, 2016). In four Italian stadiums, two natural grass and two synthetic infill surfaces, 43

injuries were recorded during 36 games on each field during play time. Among the two field

types 20 injuries occurred on natural grass and 23 injuries occurred on synthetic infill. The most

common injuries on synthetic infill surfaces include thigh strain/muscle rupture, ankle

strain/ligament injury, and knee strain/ligament injury with injuries occurring more commonly

during game events than training (Sousa, 2013). Natural grass injury location is comparable to

that of synthetic infill fields but has also been found to have higher rates of upper extremity

injury (Almutawa, 2014). Other research would suggest that harder natural turfgrass surfaces

increase speed of play and increase the number of collision leading to higher rates of injury

(Norton, 2010). There has also been no association found between the number of injuries and the

number of switches between natural turfgrass and synthetic infill systems, or playing matches on

an un-accustomed surface (Kristenson, 2016).

Surface quality depends on more than just hardness and ball speed. Mowing, fertility

practices, irrigation practices, cultivation and traffic can all have a major impact on the aesthetic
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quality of a surface as well. There is also a lack of information on playing fields that look into

the impacts of maintenance practices on field quality with playing fields under real foot traffic.

Visual quality of perennial ryegrass (Lolium perenne L.) (PR), as a function of color and

density, was found to increase as mowing height decreased from 6.3 cm to 3.8 cm (Miltner,

2005). However, as height of cut decreased from 50 mm to 18 mm, weed encroachment

increased, wear tolerance decreased, and ground cover decreased (Hume, 2003). Research

conducted by Debels (2012) found that decreasing mowing height from 6.0 cm to 3.5 cm

increased common dandelion abundance by 32% and crabgrass by 74%. Turf quality at higher

mowing heights was found to be positively correlated with drought resistance when irrigated at

25 % of evapotranspiration (ET hereafter) (Shahba, 2014) and at 80% ET (Debels, 2012). Turf

quality decreased linearly in all cultivars as irrigation rates decrease towards 25% ET where all

cultivars reached unacceptable quality with shorter mowing treatments of 35 and 25 mm

(Shahba, 2014).

The strong relationships between soil moisture content and surface hardness suggest that

managing soil moisture is considerably more important than aeration practices in reducing the

surface firmness (Baker, 1999). On turfgrass horse tracks, surface hardness was found to be more

associated with soil moisture than any of the four different cultivation treatments. Hardness

ranged from 70 to 85 gravities depending on which of the four aeration practice were used.

However, it ranged from 30 to 100 gravities as percent soil moisture by volume increased from

20% to 50%. As soil moisture content increases leaf expansion rate and growth rate increase of

PR in a silty clay loam until soil exceeded field capacity at which point leaf extension rate began

to decline (Laidlaw, 2009) . Under periods of drought stress followed by overhead irrigation or

precipitation leaf extension rate increased quadratically. A loss in soil moisture can cause a loss
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in turf quality (Yiwei, 2009). Percent soil moisture dropping below 15% can lead to unacceptable

turf quality in PR due to disease and stand thinning.

Fertilization is a necessary practice to support both turf quality and wear recovery.

Increasing annual rate of nitrogen (N) has been shown to improve visual quality (Miltner, 2005;

Watkins, 2001; Kopp, 2002) reduce disease susceptibility (Tredway, 2001; Watkins, 2001), and

improve recovery from simulated wear by up to four weeks (Hoffman, 2010). Fertilizing with

180 kg N ha-1 y-1 resulted in higher root length, root surface area and root diameter in six

temperate grassland species (Leuschner, 2013). Increasing N rate and returning grass clippings

are both shown to increase rate of growth (Kopp, 2002). Fertilized plots have also been shown

have fewer weeds than unfertilized plots (Debels, 2012). Applying 196 kg N ha-1 y-1 reduced

weed encroachment by up to 20% compared to control plots.

Aeration is a common practice used to mediate large amounts of water in and on a

playing surface and maintain surface stability thought the rainy season (Baker, 1999; Canaway

1986). A trial was carried out at Nottingham Racecourse between 1996 and 1999 to evaluate the

performance of Verti-Drain (Company Name, City, State), Twose Turf Conditioner (Company

Name, City, State), compressed air, and slit tine aeration (Baker, 1999). None of the aeration

treatments appeared to have any long term effect on turfgrass density or color.  There was some

evidence of higher infiltration rates when the Verti-Drain and Twose Turf Conditioner were used

but these effects were not always consistent. In other research by Canaway (1986), slit tine

aeration appeared to have no effect on water infiltration rate.  Solid-tine aeration in a sand

rootzone improved water infiltration rate by at least 10 mm hr-1. Scarifying or verticutting had no

significant effect on water infiltration. Hollow-tine aeration showed great increases before wear

was applied but ambiguous results after wear was applied.
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The Willamette Valley resides in the cool season turfgrass zone. It has a mild climate

with cool, wet winters and warm, dry summers (Taylor, 1993). Precipitation is highly dependent

upon elevation, and ranges from around 101.6 cm near sea level, to around 203.2 cm at the

Cascade and Coastal range foothills.  Fifty percent of the valley’s annual precipitation occurs

from December through February. This study occurred along the I-5 corridor, between the cities

of Portland and Eugene. Portland’s 30 year normal average precipitation is 95 cm annually at

6.4 m above sea level while Eugene receives an average of 116.84 cm of precipitation annually

at 109.42 m above sea level. The average high temperature in the summers (30 year norm) is

around 26oC, while the low is around 4.4oC, the winter low average is around 0oC. The primary

grass species used in the Willamette Valley is perennial ryegrass (PR) or Lolium perenne

(Kowalewski, 2015). The peak growing season of PR is from September to November, and

March to May.  To sustain summer growth irrigation is required and little growth is observed in

the winter months (December to February).

An extensive search for empirical research on the impact of maintenance practices on

synthetic fields provided little material, the bulk of information on synthetic field maintenance

was provided by industry resources. There are four primary maintenance practices used on

synthetic fields to maintain low field hardness: brushing, debris removal, de-

compacting/grooming with tines or blades, and adding crumb rubber. Brushing the field moves

infill around the surface helping to alleviate compaction and stand up pile fibers (Curtis, 2015).

There is debate over how many brushing events is appropriate to keep up with wear.

Recommendations include once per week (McNitt, 2004), once every 10 hours of use defined as

22 people using the entire field (Curtis, 2015), to every 100 to 150 hours of group use (Cornelius,

2016). Surface debris, such as leaves, twigs, and other organic matter, are broken down via
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traffic and then move though the infill profile. Accumulation of organic matter may cause

drainage issues and should be frequently removed (Curris, 2015). Grooming has been found to

lower Gmax values of infill systems by over 20 point (McNitt, 2004). Maintaining adequate infill

material is important to maintaining the longevity of the pile fiber (Cornelius, 2016). Low levels

of crumb rubber can cause pile fibers to bend more than intended and break early under traffic.

Ultraviolet rays on the exposed fibers also can increase degradation. Maintaining infill levels so

that only 6 mm of pile fibers are exposed is ideal. It should be noted that, like natural grass,

published data on the impacts of maintenance practices on the quality and longevity of synthetic

infill systems under real foot traffic.

Objective:

1. Investigate the impact of maintenance practices and budgets on the playability and

quality of natural grass and synthetic infill athletic surfaces under real world conditions.

Materials and Methods:

This case study collected and compared surface quality data, maintenance practice

information, player use hours, and maintenance budget information on 5 natural turfgass and 5

synthetic infill fields (10 fields total) in the Willamette Valley, Oregon. In order to represent a

broader range of maintenance capabilities and player use hours, fields were selected for this

study to cover maintenance levels from K-12 schools to the NCAA level (Table 3.1, 3.2). Data

collection began in October, 2014 and continued through September, 2015. Information was

collected from one natural grass and one synthetic field at a public school, two natural grass and

two synthetic fields at a university, and two natural grass and two synthetic fields at a parks

department (Table 3.1).
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Field sampling points were determined by the ASTM F1936 – 10 standard procedures for

field hardness testing. The testing procedure requires the testing of 10 points per field, eight of

the points are procedurally designated and two of the points are tester chosen (Figure 3.1).

Maintenance information for all fields was gathered from field managers and facility

directors through emails, on-site interviews, and paper or digital copy when available (Table

3.1). Group field use hours were collected from reservation schedules during 2014-2015. Once

the group-use for the fields were recorded, player rosters were used to determine the number of

participants using the field during their reserved times. When player rosters were not available,

the number of players allowed to use the field in a game was used to calculate the number of

participants using the field. Individual usage-hours were then calculated by dividing group

hourly use over a single year by the number of people in each group using the field that year.

Response Variables:

Percent green cover was collected at each of the 10 sample points using a 50.8 cm by 61

cm light box with four 40-Watt spring bulb lamps (TPC, Lighthouse Supply, Bristol, VA) and

analyzed using Sigma Scan Pro (v.5.0, SPSS, Inc, Chicago IL) (Richardson et al., 2001). Images

were captured with a Sony DSC-H9 camera (Sony, Tokyo, Japan). The analysis thresholds for

the natural grass and synthetic infill fields were set to a hue of 45-125 and a saturation of 30-100.

Photos were collected from the 10 testing points across the field.

Surface hardness data was collected using a FieldScout TruFirm (Spectrum

Technologies, Ins., Anova, IL.). The TruFirm measures surface hardness in inches of depressed

surface. As this tool measures in inches of depression and measured results were converted to

centimeters. Also, in order to make trends in the analysis easier to understand field hardness will
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be referred to as field softness as higher measurement mean the fields are getting softer. It is also

worth clarifying that synthetic fields are maintained to achieve increased softness and natural

grass fields are maintained to achieve lower softness. Three samples were taken at each testing

point. The results were averaged. Moisture data was collected using Spectrum Technologies

FieldScout (Company Name, City, State) digital moisture meter in percent water by volume of

soil solution. Three subsamples were collected at the 10 testing point on all of the fields.

Mowing height (mm) was collected using the probe end of a caliper. The probe end was

inserted into the playing surface three times at each of the ten testing points on all ten fields and

the results were recorded. The three subsamples were then used to calculate an average for each

point.

Ambient temperature was collected using an Acu-Rite thermometer (Cheney Instrument

Co., Lake Geneva, WA) that was mounted to the light box and faced south during quality data

collection at each testing point. Ambient temperature was the last data point collected at each

testing point allowing for an accurate reading when transitioning from points in full sun to points

in full shade. Surface temperature of the five natural grass and five synthetic infill surfaces was

collected using a Raytek MTB miniTemp (Raytek Corp., Santa Cruz, CA.). Three surface

temperature samples were taken at each of the ten testing points in degrees Centigrade and an

average temperature for each point was used in the analysis.

The dependent variables for synthetic fields were depth of infill depth and surface

hardness. The independent variables for synthetic infill fields included the annual maintenance

budget, field age, hours of player use, number of annual brooming events, number of annual

grooming event, number of annual debris removal events, kg crumb rubber field-1 yr-1, depth of

infill (surface hardness only), ambient temperature, and surface temperature.
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Analysis:

Statistical analysis was performed in Rstudio version .98.10911091 (RStudio, Inc.

Boston, MA). The response variables of interest (independent variables) for natural turfgrass

included percent green cover and surface softness and the response variables for synthetic infill

fields included infill depth and surface softness. Statistical analysis was only performed on the

two months of the year with the lowest percent green cover for natural grass fields, July and

November, in order to show the impact of the maintenance programs and player use hours under

the worst conditions. July was one of the hottest months in the year and November follows the

end of the soccer and football seasons where the fields received heavy traffic and the rainy

season began. Points four, seven, and nine were also removed from the analysis after it was

determined that the points could not be maintained by regular maintenance practices after

extreme wear. All months and all sampling points were included in the analysis for synthetic

infill fields.

No linear relationship was found between the two dependent response variables on

natural grass fields in either July or November (Figure 3.2). Therefore, both response variables

will be analyzed separately. Similarly to the natural grass fields, a scatter plot was created

comparing the dependent response variables of infill depth and softness on synthetic infill fields

(Figure 3.3). This plot suggested that there may be a linear relationship between the two

variables and repression results concluded that softness accounted for 49.6% of the variation in

depth (i.e = 0.469). Therefore it can be expected to have a similar effect on both variables.

Results:

Natural Grass:
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When investigating the relationships between the explanatory variables of hours of use,

amount of nitrogen added, whether the field received irrigation during the summer, cultivation,

interseedings, mowing frequency and height (Table 3.2) and the response variables of percent

green cover and surface softness results suggested that many of the explanatory variables may be

correlated. A scatter plot matrix was created (Figure 3.4) and determined that the explanatory

variables are correlated with each other, preventing any four variables from being compared at

one time. However it is still possible to compare the fields to determine statistical differences in

response variables.

Before comparing the mean of the responses, the Brown-Forsythe test was utilized to test

for unequal variance. For percent green cover in July and November and hardness in November,

there was evidence that the variation in the seven measurements taken for each field were not

equal ( -values: 0.0328, 0.0331, and 0.0457 respectively). The hardness for July did not suggest

the variation in measurements differed by field ( -value 0.1154). Given this information, pair-

wise comparisons for each field were performed using the Welch Satterthwaite Two-Sample -

test for unequal variances to compare the mean response for both measurements and months

separately, with a Tukey-Kramer HSD adjustment to account for the multiple comparisons. A

Letter diagram (Figure 3.5) was created displaying the fields with statistically significant

differences in the mean response at a 0.05 level of probability. Fields that share a letter are not

statistically different from one another. Regarding surface softness, in July field 2 is statistically

different from the rest of the fields in mean percent green cover. In the month of November no

statistical differences could be found in mean percent green cover. In July field 5 was

significantly greater than fields 2, 3, and 4 and field 1 was significantly greater than fields 3 and
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4. In the month of November mean surface softness was significantly greater in fields 2 and 5

than fields 4 and 3 and field 1 was significantly greater than field 3.

Synthetic Infill:

Results of the regression analysis suggest that for fields with the same number of

broomings plus groomings, debris pick-ups and added rubber we expect the mean softness to

decreases by 0.02665 cm depressed for every additional 100,000 hours in age*hours, where

0.02665 = *100,000 =(-2.665e-07)*100,000 (Table 3.2). While the explanatory variables

associated with maintenance all increase surface softness to varying degrees when all other

explanatory variables remain the same. Adding one brooming or grooming event per year is

expected to increase mean softness by .04742 cm depressed. Adding one debris removal event

per year is expected to increase mean softness by .01449 cm depressed. Adding an additional

100 kg of crumb rubber per year to commonly trafficked areas is expected to increase mean

softness by 0.04 cm depressed.

Results of the regression analysis suggest that for fields with the same number of

broomings plus groomings, debris pick-ups and added rubber we expect the mean infill depth to

decrease by 0.01996 mm depressed for every additional 1,000 hours in age*hours. Where

0.01996 = *1,000 =(-1.996e-05)*1,000 (Table 3.3). While the explanatory variables associated

with maintenance all increase surface softness to varying degrees when all other explanatory

variables remain the same. Adding one brooming or grooming event per year is expected to

increase mean infill depth by 1.557 mm. Adding one debris removal event per year is expected to

increase mean infill depth by 0.5085 mm. Adding an additional 100 kg of crumb rubber per year

to commonly trafficked areas is expected to increase mean infill depth by 2.53 mm.
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Ambient temperature and hardness are linearly correlated with ambient temperature

accounting for 13.5% (r2=.135) of the variation in softness and identifies the months where

softness was greatest in August through September (Figure 3.6).

Discussion:

Natural Grass Fields:

As regression models cannot be fit to natural grass fields due to the small sample size and

large number of explanatory variable. However, the variation in the response variables of percent

green cover and field softness can be explained by comparing a letter letter diagram (Figure 3.5)

to the table of maintenance practices (Table 3.1) .

Mean percent green cover showed little variation across both the months of July and

November. Only field 2 in the month of July was considered to be significantly different (Figure

3.5). This difference was likely due to field 2 being the only field that did not receive summer

irrigation (Table 3.1). Rain in November prevents moisture from being an issue contributing to

the lack of statistical differences in mean percent green cover. Other maintenance practices such

as fertility, mowing frequency, and mowing height would be expected to have an effect percent

green cover and contribute to differences, but in this instance no differences were documented.

Field 2 also received the fewest hours of use suggesting that it was not high levels of traffic that

lead to the loss of percent green cover in July. In November fields 3 and 4 that received the most

foot traffic were also the field that had the most intensive maintenance programs which likely

contributed to the lack of variation in mean percent green cover in November.

Comparing the variation in mean softness in July (Figure 3.5) with the maintenance

practices for each field (Table 3.1) suggests that cultivation is a major contributor in mean

softness. As field mean softness decreased the number of cultivation events per field increased.
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Field 5 was the softest of the fields with a mean of 2.03 cm depressed and received no

cultivations, followed by field 1, which had two cultivations events. Field 2 had three cultivation

events and was firmer than field 5. Fields 3 and 4 which received four cultivation events were the

firmest fields. Other maintenance practices that followed the differences in mean softness of the

fields were hours of use. As the amount of player use hours increased from field softness

decreased with the exception was field 2. Field 2 had the fewest hours of all the fields, with only

6000 hours, but is the third softest field when it would be expect to be softer. This is likely due to

the soil dying out from lack of summer irrigation.

In the month of November mowing height, hours of use appear to have the biggest impact

on field softness. Fields 2 and 5 had mean mowing heights over 100 mm and were the softest

fields while fields 1, 4, and 3 were the firmer fields with mean mowing heights between 35 and

45 mm (Table 3.1; Figure 3.5). Suggesting that the length of the grass had a larger influence on

surface softness then having a soft soil. Hours of use were lowest on field 2 followed by fields 5,

1, 4, and finally field 3 with field two having the highest mean softness then followed by fields 5,

1, 4, and finally field 3 suggesting that fields with fewer hours were softer fields, likely due to a

lack of wear on the grass plant resulting in thinning and compaction. These results point to

cultivation events, mowing height, and traffic being the three big influences on the softness of

natural grass fields.

Synthetic Infill Fields:

In order to perform a multi-variable regression analysis there needed to be fewer

explanatory variables than samples. Despite having 600 measurements (=5 fields*10 points*12

months) the sample size for this study is five as the explanatory variables are applied per field

and not per sampling point. The explanatory variables in this study included four maintenance
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practices, the age of the field, and the number of annual hours giving this study six explanatory

variables (Table 3.1). By combining the similar maintenance practices of brooming and

grooming combining field age and annual hours of use the number of explanatory variables can

be reduced to produce a saturated regression model. Both brooming and grooming are similar

maintenance practices used to lift pile fiber and de-compact both surface and subsurface infill, as

such they were considered a good candidate to combine. Combining field age and hours of use

creates a value that represents the total number of hours used on the field making useful

explanatory variable. A saturated model ( is 100%) will have no estimate of the standard error

or confidence intervals for hypothesis testing, but inferences based on the parameter estimates

are still possible to make.

The regression analysis suggests that the most impactful practices for maintaining the

surface softness and infill depth for synthetic surfaces are the number of brooming and grooming

events per year, followed by debris removal events, and finally crumb rubber additions (Tables

3.2, 3.3). An additional brooming and grooming were associated improving softness by .04742

cm and infill depth by 1.577 mm. This supports the idea that upright posture allows the points

that receive greater wear to retain more crumb rubber (Curtis, 2015). Annual debris removal may

be impacting field hardness as common litter removal apparatuses involve dragging a rotating

brush over the field, essentially adding another brooming to the surface. Inferring that adding an

additional 100 kg of crumb rubber per year is expected to increase mean softness by 0.04 cm or

2.53 mm of infill depth by really emphasizes the need for regular crumb rubber additions. It

would be inappropriate to use this rate to inferred result for maintenance planning purposes.

However 100 kg is a very small number and as crumb rubber gets moved around and removed

from the surface and crumb rubber continues to be added, those 100 kg can add up fast. The
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correlation between ambient temperature and surface softness (Figure 3.6) may be attributed to

the softening of the crumb rubber itself as ambient temperature increases. It was noted that when

ambient temperatures were below freezing the crumb rubber would freeze together, likely due to

precipitates or condensation on the surface, and from surface that could not be penetrated by the

caliper to measure infill depth and causing the field to depress less under the TruFirm.

Conclusion:
Mean percent green cover showed little variation across both the months of July and no

variation in the month of November on natural grass fields. The only statistical difference was

likely associated with the lack of summer irrigation on one of the fields in the month of July.

This was likely due to good growing conditions under irrigation in the summer and poor growing

condition in the fall with regards to soil moisture in the rainy season. The fields that received the

most foot traffic were also the field that had the most intensive maintenance programs showing

the strength of well put together maintenance programs as those fields showed no significant

difference in percent green cover in November. However, it is also worth noting that this study

did exclude points four, seven, and nine for being worn to bare soil across all fields and it would

be recommended that athletic facilities should have areas dedicated to sod production to repair

these worn areas. Reducing mean surface softness on natural grass fields was attributed to

increased cultivation events leading to firmer fields while higher mowing heights were

associated with increased surface softness July and November.

The correlation between surface softness and infill depth supports Cornelius’ (2016)

claims that the most important practice for maintaining soft synthetic surfaces is maintaining

adequate infill. All maintenance practices were associated with improving surface softness and

increasing infill depth. The largest increases being associated with brooming and grooming,

improving softness by .04742 cm and infill depth by 1.577 mm per additional application event.
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Further work should be done on the impacts of maintenance practices and traffic on synthetic

infill fields over the life of the fields with larger sample sizes to accounted for the number of

explanatory variables.
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Chapter 3 Figures:

Figure 3.1: Sampling patter used in this studyfor fields lined for football and soccer in
accordance with the ASTM F1936 – 10. Fields lined for football included fields 2, 5, 6, and 7.
Fields lined for soccer included 1, 3, 4, 8, 9, and 10.
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Figure 3.2: Scatter plots comparing the two response variables of mean surface softness and
percent green cover in the months of July and November on natural grass fields. The data points
for the different fields are identified by color: field 1 is blue, field 2 is red, field 3 is green, field 4
is purple and field 5 is orange. Field softness is measured in cm depressed.
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Figure 3.3: Scatter plot comparing the two response variables of mean surface softness and infill
depth on synthetic infill fields. The data points for the different fields are identified by color:
field 6 is blue, field 7 is red, field 8 is green, field 9 is purple and field 10 is orange. Field
softness is measured in cm depressed, infill depth is measured in mm.
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Figure 3.4: Scatter plot matrix of the correlations between explanatory variables. Due to the
correlation of the explanatory variables linear regression models cannot be fit with the sample
size of this study (n=5).
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Figure 3.5: A letter diagram displaying the statistical differences of mean percent green cover
and mean surface softness in the months of July and November for natural grass fields.
Significant differences at a 0.05 level of probability in means are denoted by letters A, B, and C.
Fields sharing any letter are not significantly different from each other.

Figure 3.6: Scatter plot comparing the response variable of mean surface softness (cm depressed)
to month and ambient (air) temperature (oC). There is also a scatter plot comparing month to
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ambient temperature. A linear regression line has been fit to the plot of softness and ambient
temperature. The data points for the different fields are identified by color: field 6 is blue, field 7
is red, field 8 is green, field 9 is purple and field 10 is orange.
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Chapter 3 Tables:

Table 3.1: Annual maintenance practices for 5 natural turfgrass and 5 synthetic infill athletic
fields in Oregon.

Field Hours Budget Kg N/ha Sum. Irr. Cultivation
Events

Interseeding
Events

Mowing
Events

Mowing
Height July

(mm)

Mowing
Height Nov.

(mm)
1 24200 $40612 389 1 2 2 104 40 37
2 6000 $7887 233 0 3 0 20 83 104
3 33415 $38494 467 1 4 6 117 42 44
4 34268 $38949 467 1 4 6 117 38 39
5 11650 $8991 0 1 0 0 52 93 108

1Data on field maintenance practices was gathered beginning in September of 2014. Interviews
were held the faculty who manages the labor on the field discussing field maintenance
practices and documented maintenance plans work orders were provided. All of field 10’s
regular maintenance work is performed at once via a SportChamp (SMG, Vöhringen,
Germany).

2Resurfacing includes the process of removing the old surface, grading, seeding or sodding,
additional nutrition, and contracted work. The only natural grass field in this study that is
planned to be re-surfaced is Field 1.

3Resurfacing includes the removal of the old carpet and infill material and installation of the new
carpet and infill material.

Field Annual
Brooming

Annual
Grooming

Annual
Debris

Removal

Annual Crumb
Rubber

Applications

Resurfacing
Frequency

6 8 1 52 907 kg/yr 8 yrs
7 8 0 52 299 kg/ yr 8 yrs
8 5 5 17 907 kg/yr 10 yrs
9 5 5 17 907 kg/yr 10 yrs

10 9 9 9 907 kg/yr 10 yrs
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Table 3.2: Multiple regression results for field surface softness in response to combined
brooming and grooming, total hours of use (annual hours of use* field age), debris removal, and
crumb rubber additions (kg). These are results of a saturated model and (R2=1) will have no
estimate of the standard error, probability value, or confidence intervals for hypothesis testing.

Variable Parameter
Estimates

P>t R2

Broom/Grooming 4.742e-02 NA 1
Total Hours -2.665e-07 NA 1
Debris Removal 1.449e-02 NA 1
Crumb Rubber 4.183e-04 NA 1
Intercept 4.295e-01 NA NA
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Table 3.3: Multiple regression results for field infill depth in response to combined brooming and
grooming, total hours of use (annual hours of use* field age), debris removal, and crumb rubber
additions (kg). These are results of a saturated model and (R2=1) will have no estimate of the
standard error, probability value, or confidence intervals for hypothesis testing.
Variable Parameter

Estimates
P>t R2

Broom/Grooming 1.557e-00 NA 1
Total Hours -1.996e-05 NA 1
Debris Removal 5.085e-01 NA 1
Crumb Rubber 2.530e-02 NA 1
Intercept -8.822e-00 NA NA
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Summary

The results of this study show that the combined costs of installing and maintaining a

synthetic infill field over an installation and resurfacing cycle was more expensive than that of

natural turfgrass fields. The average cost of the annual equivalent for natural grass fields was

$10.11 m2. The average cost of the annual equivalent for synthetic infill fields was almost twice

that of the natural grass fields at $20.10 m2. When comparing the annual maintenance budgets,

these fields showed that the maintenance of synthetic infill systems, averaged at $0.99 m2, was

less expensive than natural grass fields which averaged $3.80 m2. The cost-per-hours of player

use suggests that synthetic infill fields can be just as cost effective as natural grass fields with a

$0.23 difference between natural grass and synthetic infill fields.

Mean percent green cover showed little variation across the month of July and no

variation in the month of November on natural grass fields. The only statistical difference was

likely associated with the lack of summer irrigation on one of the fields in the month of July.

This was likely due to good growing conditions under irrigation in the summer and poor growing

condition in the fall with regards to soil moisture in the rainy season. The fields that received the

most foot traffic were also the field that had the most intensive maintenance programs showing

the strength of well put together maintenance programs as those fields showed no significant

difference in percent green cover in November. However, it is also worth noting that this study

did exclude points four, seven, and nine for being worn to bare soil across all fields and it would

be recommended that athletic facilities should have areas dedicated to sod production to repair

these worn areas. Reducing mean surface softness on natural grass fields was attributed to

increased cultivation events leading to firmer fields while higher mowing heights were

associated with increased surface softness July and November
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The correlation between surface softness and infill depth supports Cornelius’ (2016)

claims that the most important practice for maintaining soft synthetic surfaces is maintaining

adequate infill. All maintenance practices were associated with improving surface softness and

increasing infill depth. The largest increases being associated with brooming and grooming,

improving softness by 0.04742 cm and infill depth by 1.577 mm per additional application event.

Further work should be done on the impacts of maintenance practices and traffic on synthetic

infill fields over the life of the fields with larger sample sizes to accounted for the number of

explanatory variables.
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