
 

 

 

 

 

 

 

 

 

 

MEMORANDUM 

To:   David Richards 

cc:    Mark Bollinger 

From:  Mike Prestine 

Date:  October 22, 2015 

RE:   Synthetic Turf in lieu of Natural Grass Surfaces for MPS 

 

This memorandum provides an overview of synthetic turf from an MPS Facilities perspective.  Planning, 

design, construction, operations and maintenance are discussed.  Synthetic turf, as opposed to natural 

grass, is a relatively new option for athletic playing surfaces.  Therefore, the technology improvements 

and scientific understanding are ongoing and should be monitored as they relate to the needs of MPS. 
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1   Introduction 

This memorandum considers the possibility of using synthetic turf in lieu of natural grass surfaces.  

Minneapolis Public Schools (MPS) has an assortment of outdoor athletic fields, typically with natural 

grass surfaces.  These fields will wear down from repeated use in a limited time.  Alternatively, synthetic 

turf surfaces provide more programmable hours.  This increased performance difference is because 

synthetic turf, while mimicking natural grass surfaces, has characteristics that allow it to be more robust. 

 

MPS has one synthetic turf field which is located at Washburn High School.  At this time, MPS is 

considering adding more synthetic turf fields.  This memo discusses the pros and cons of synthetic turf 

when used in place of natural grass.  Costs, schedule, safety, quality, design, construction, and 

maintenance are discussed.  This will assist in the consideration of determining if and what type of 

synthetic turf should be installed. 

 

2   Conclusions 

Synthetic turf surfaces are a viable option for athletic playing surfaces in MPS.  Other high schools across 

the country report a 3.5 - 4.5 greater utilization (i.e. playing time) of synthetic turf fields over those of 

natural grass.  MPS has the need for more programming output and should expect similar results.  The 

programming needs of each field should be considered on a case by case basis to assess the need of a 

surface with synthetic turf instead of a natural grass. 

 

Budget costs to place synthetic turf at a football field with existing natural grass would require a budget of 

$1.2 million for startup, $16,000 for annual maintenance, and $550,000 for refurbishing costs every 8-12 

years. Initially, $10 per square foot should be assumed for constructing a new synthetic turf field replacing 

a surface of natural grass.  For example, a traditional asphalt track and field surface that encircles a 

football field has an approximate area of 100,000 square feet and would require about $1 million dollars 

to construct with synthetic turf.  The useful life will be 8-12 years and will take about $5 per square foot to 

refurbish which would consist of replacing the turf carpet and infill.  Design fees of 6% for proposed 

construction or refurbishing of the total construction cost should be anticipated.  Total maintenance costs 

for both natural grass and synthetic turf are similar, and in lieu of historical data a budget of $10,000 per 

year is typical.  For maintenance, it is recommended that $70,000 of equipment be purchased.  The City 

of Minneapolis' stormwater fee would be approximately $5500 per year. 

 

Synthetic turf has made great strides to mimic natural grass performance and is widely used by 

professional, collegiate, and high school sport venues.  The surface hardness is comparable to that of 

natural grass.  A single field can be striped for multiple sports and be used year around.  Advances in infill 

material technology to address concerns with heat containment are ongoing.  These risks and how to 

mitigate them should be discussed in the planning stage.  Some agencies, rooted in public concern and 

anecdotal evidence, have disallowed the use of crumb rubber as an infill and mulch material because of 

health concerns.  In 2008, the Environmental Protection Agency (EPA) had validated the safety of 

synthetic turf with crumb rubber infill.  However, the EPA is currently assisting the State of California to 

assess the continual long term exposure to crumb rubber that was not considered in the 2008 analysis. 

 

3   Synthetic Turf Becomes an Alternative 

As fully described in Appendix A, the manufacturing and construction techniques of synthetic turf are 

constantly improving.  Synthetic turf was first used as a sports surface in 1966 in lieu of natural grass.  

Instead of traditional nylon tufts found in household carpets, it used softer polypropylene tufts on a thicker 

pad.  In the 1980's a second generation of synthetic turf gained popularity.  It featured higher piles and 

incorporated sand infill.  This turf was softer, but still was noticeably harder than grass.  This hardness 
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had an adverse effect on safety and characteristics of ball movement.  Still, it was an alternative for fields 

that were indoors or needed to use their fields more than a natural grass surface could sustain. 

 

A third generation turf that more closely 

mimics grass was introduced in the 

1990's.  Figures 1 and 2 show two such 

fields that have been installed in 

Minneapolis.  This turf has longer fibers 

which are spaced further apart in the 

carpet.  They are not usually made of 

polypropylene but with polyethylene, 

which is even softer and kinder to the 

skin.  The combination of fiber and infill 

ensures a comfortable playing surface; 

even sliding tackles are no longer a 

problem.  There are less complaints of 

rug burn.  And as there is plenty of space between the 

turf fibers, cleats sink well into the surface, which puts 

less stress on the players joints and allows the foot to 

get under the ball. These developments have made the 

third generation excellent for a number of sports. 

 

The technology and installation processes are ever 

improving so that new synthetic fields look and perform 

more like natural grass.  The incorporation of different 

infill materials in place of or in addition to sand is the 

basis of the evolution.  Today, synthetic surfaces are a 

common playing surface.  More than 12,000 synthetic 

turf sports fields are currently in use throughout the 

United States.  In 2013, between 1,200 and 1,300 fields 

were installed in North American schools, colleges, 

parks and professional sports stadiums. 

 

4   Planning 

Essentially, athletic fields exist for the sports and the athletes who 

play them.  They do receive a high level of wear and tear during 

the sports related activities.  Furthermore, the athletes 

participating have a wide spectrum of ages, abilities, and sporting 

interests.  In turn, athletic fields need to meet the programming 

capacity while providing for the needs and safety of its 

participants. 

 

During the planning stage, the need and type of athletic surface is 

established.  The considerations and cost of each stage vary 

between natural grass and synthetic turf.  The typical life cycle of synthetic turf is represented in Figure 3. 

 

4.1  Programming Capacity 

If you needed to construct an athletic field for one MPS sporting event, a grass field would be more 

affordable than a synthetic field.  However, a synthetic field has more programmable hours than a grass 

Figure 2 - Synthetic Turf Field, Elliot Park 

Figure 1 - Synthetic Turf Field, Washburn High School 

Planning

6 months

Design

3 months

Construction

3 months

Maintenace

10 years

Synthetic Turf 

Life Cycle 

Figure 3 - Synthetic Turf Life Cycle 
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field.  Table 1 shows the multiple sports that MPS typically offers to their high school students.  These 

sports require more programming than one athletic field with a grass surface could provide.  During the 

planning phase, the programming capacity of each athletic field needs to be determined to compute its 

utilization rate.  This rate would be a key factor in justifying the needs of a synthetic surface over a grass 

surface field. 

Table 1 - MPS High School Sporting Events 

Sport Season Months 
Approximate 

Hours per Week 

Boys Lacrosse Spring March- June 15 

Spring 
137 

Girls Lacrosse Spring March- June 15 

Boys Track & Field Spring March - June 20 

Girls Track & Field Spring March - June 20 

Boys Baseball Spring March - June 20 

Girls Softball Spring March - June 20 

Physical Education Spring March - June 35 

Community 
Lacrosse *  Summer June - August 24 

Summer 
24 

Boys Football Fall August - November 20 

Fall 
100 

Boys Soccer Fall August - November 20 

Girls Soccer Fall August - November 20 

Marching Band Fall August - November 5 

Physical Education Fall August - November 35 

Nordic Ski Winter December - March 6 
Winter 

6 

* Only available at Washburn Field as synthetic turf can sustain use; natural grass 
fields are idle over summer for rejuvenation. 

 

Figure 4 shows that one synthetic field could 

replace multiple grass fields.  Multiple sports can 

use the same field.  However, it is not feasible to 

stage events throughout the week on a grass 

surface because it would get worn out.  And it 

would take six times as much land to construct 

natural grass fields instead of a synthetic turf field.  

This land is not always available in an urban area 

like Minneapolis.  If it is, site acquisition and prep 

costs can range from $60-$120 per square foot. 

 

A way to increase productivity is to increase the 

field surface's ability to handle the wear and tear of 

long hours of use.  With optimum maintenance and 

weather conditions, natural grass surfaces can be 

programmed for about 20-24 hours per week and 

680-816 hours over a three season period.  

Alternatively, with optimum maintenance a 

synthetic field can be used continuously at any 

time of the year, and studies have shown that they 

can be used annually about 3000 hours over a 

three season period. 
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This extra programming capacity is typically used.  A 2010 study by the City of Medford, OR, found 

natural grass fields are more utilized by a synthetic turf field by a factor of 3.5 - 4.5.  Across the country, 

other field managers have reported similar increased utilization rates. 

 

There are multiple factors that 

affect the programming of any 

athletic field.  For example, 

the Bielenberg Sports Center 

(BSC) is a sports complex in 

Woodbury, MN, that has 

outdoor and indoor athletic 

fields.  Table 2 shows the 

constraints that affect the 

programming schedule of its 

outside fields.  Alternatively, BSC also has an outdoor field and indoor facility with a synthetic turf surface.  

They are used year  

+round for baseball, softball, soccer, lacrosse, football, and jogging.  In 2014, the operating and 

maintenance budget of the indoor facility was $1M, and it brought in revenue of $1.5M.  The grooming of 

the surface shown in Figure 5 is done primarily during those hours when the field is used for jogging by 

the general public to assure maximum use.  Outdoor synthetic turf fields, like the ones in Figure 6, can be 

used nine months of the year. 

 

  

Table 2 - Factors Limiting Utilization of 
Outside Natural Grass Fields 

Factor Issue 

Seasonal 

Can only be used spring 
through fall.  Sports are not 
played outside in cold and 
snowy conditions. 

Climatic 

No use in excessively cold, wet, 
or dry conditions because it will 
harm the grass. 

Regional 

Tight clay soils affect when 
fields open in spring and how 
fast fields dry out. 

Political 

Lights turn off after 10:30 PM 
per City Ordinance in respect of 
nearby housing.  

Field Type 

Multiuse, soccer, lacrosse, 
football, baseball; age level 
must also be considered.  
Some fields are only set up for 
one sport and age group. 

 

4.2  Infill Material 

The infill placed in the synthetic tufts mimics natural soil.  Most synthetic turf installations use crumb 

rubber infill.  Crumb rubber infill is typically manufactured from recycled tires and is described fully in 

Appendix B.  If cost was the only consideration, crumb rubber would be used exclusively as the infill.  

However, there are two main reasons why alternative infill materials are considered:  heat index and 

health concerns. 

Figure 5 - BSC Indoor Complex - Contains Two Hockey Rinks and This 

Synthetic Surface 

Figure 6 - Synthetic Turf Fields - Available in Cold 

or Wet Conditions and Still Provide a High 

Performing Surface 

Snow Rain 
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4.2.1 Heat Index 

Crumb rubber retains heat much more than natural grass and soil.  With the right mix of 

conditions(sunlight intensity, wind, humidity, temperature, etc.) the average temperature of a crumb 

rubber filled grass can be 40-degrees Fahrenheit higher than a natural grass field.  On hot days, steps to 

protect players may be necessary: use early or late in the day, avoid heavy protective equipment (e.g. 

helmets, pads), or avoid using it entirely.  There is no damage to the surface on a hot day so irrigation is 

not necessary.  However, some still want to consider irrigation to reduce the surface temperature.  This 

approach only provides short term results.  Typically, the effects are gone within 15-30 minutes once 

irrigation is stopped. 

 

4.2.2 Health Concerns 

Crumb from used tires has been installed in artificial turf fields since the 1990's, and even longer in 

playgrounds and tracks.  In 2008, the EPA’s view was that scrap tires are not hazardous waste, and they 

approved the use of crumb from used tires for sports fields. However, as a precaution, young children 

were encouraged to wash their hands frequently after playing outside. 

 

Still, the use of athletic fields made of recycled tires was called into question because of concerns 

regarding toxicity.  The worries stemmed from the fact that because of the chemical content of the 

material, exposure by various means could endanger the health of field participants.  Further extensive 

research, literature, and studies pointed to the conclusion that crumb rubber fields offered little to no 

exposure to toxic substances and there is no opportunity in ordinary circumstances for exposure at levels 

that are actually dangerous. 

 

However, there has been some backtracking by the EPA.  In the fall of 2014 it stated, "The agency 

believes more testing needs to be done.  But, currently, the decision to use tire crumb remains a state 

and local decision."  Because of this lack of confidence, some municipalities have decided to prohibit the 

use of crumb rubber.  For example, the Los Angeles Unified School District and the New York City Parks 

Departments already had stopped construction of new fields with crumb rubber following past concern 

about lead content.  They are also concerned about the other chemical additives including zinc, sulfur, 

black carbon, and oils that contain polycyclic aromatic hydrocarbons (PAHs). 

 

In April 2015, the State of MN considered Bill HF846 that would have eliminated the construction of new 

fields until a more thorough study would have been completed with a target date of June 2016.  The final 

budget proposal did not contain the $50,000 appropriated for this study. Terry Leveille, president of the 

California-based lobbying firm TL & Associates, stated that he and the Synthetic Turf Council, an industry 

group, had lobbied to successfully deflect this Minnesota bill as well as similar measures across the 

country. 

 

Research is ongoing.  In the summer of 2015, California officials authorized spending $2.9 million to study 

the health effects of using recycled tire pieces on artificial turf fields in regards to the cumulative effect on 

children's health, over a long period of time, hoping to put to rest a simmering debate over their safety.  

It's expected to take about three years to complete.  The EPA, will serve in a technical advisory capacity. 

 

There are alternatives to crumb rubber that provide acceptable performance.  Thermoplastic elastomers, 

sand, and organic materials are free of heavy metals and do not retain heat as readily.  They can be used 

entirely or mixed in with crumb rubber.  The advantages and disadvantages of each of various infill 

products are discussed in Section 5.3. 
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5   Design 

Synthetic turf and natural grass surfaces both serve the same function:  to provide a delineated area for 

competitive sporting events while mitigating risk to its participants.  However, the design considerations of 

each are unique because of their material characteristics and function.  A grass surface is a living item 

that is placed and nurtured.  A synthetic surface is an engineered product that is fabricated and installed.  

The design team that is selected for each surface type may vary, but for budgeting purposes it is 

suggested to expect A/E design fees of 6-7% of total construction cost per the following breakout:   

 

 Planning - 1% 

 Design - 2.5% 

 Bid - 0.5% 

 Construction administration - 2.0%.  

 

The design of grass and synthetic surfaces are dependent upon existing site conditions and climatic 

factors.  Figure 7 shows typical surfaces for the two different surfaces.  These cross sections are intended 

as a prototype for ideal situations. 

Synthetic turf surfaces allow for complete infiltration so that water can be removed from the area via 

draintile.  They allow for an approximate infiltration rate of 30 inches per hour.  This will far exceed the 

100 year storm of 5.9 inches per 24-hours in Minneapolis.  For short durations, the rate for a 100 year 

storm is not expected to exceed 9.0 inches per hour.  This ability for synthetic turf to handle so much 

water may affect the City of Minneapolis' stormwater utility fee.  Depending upon soils and BMP's made 

available at the site, the fee could be as much as $9600 per year for a typical high school football field. 

 

For grass surfaces, an irrigation system would be required to maintain ideal characteristics.  The 

minimum amount of topsoil is four-inches, but up to eight-inches may be needed.  The mixture of seed for 

turf establishment will also vary by regional climate and soil makeup. 

 

5.1  Profile Makeup 

The ability of a synthetic field to have increased utilization requires a design that allows rigorous activity, 

multiple sports venues, and adequate drainage.  MPS Washburn High School is a synthetic turf surface 

that is set up for multiple sport venues.  The construction plans for this field are shown in Appendix C.  Its 

cross section is similar to Figure 7, and it provides adequate drainage to maximize usage time and 

reduce compaction. 

 

Figure 5 - Typical Cross Sections of Playing Fields 

 

Figure 7 - Typical Field Surface Details 
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 Prepared subgrade - The subgrade is prepared by removing the topsoil and inadequate soils (e.g. 

clay).  The depth of excavation will vary.  The amount of topsoil is typically three to six inches.  It 

will need to be removed and brought away from the site.  The amount of material that is 

excavated and removed will vary at each site and is kept to a minimum for cost control. 

 Sand subbase - The sand subbase assists in providing a stable base for the playing surface.  The 

primary function of the sand base is to act as a filtration tool.  It is compacted in lifts of no greater 

that six-inches and sloped to direct water to the collector pipes.  The sand backfill could be 

eliminated if the base materials are free of silt and clay.  An additional design alternative that may 

be used as a cost savings measure is to wrap the draintile in geotextile instead of encapsulating 

the draintile in sand. 

 Geotextile drainage fabric - This is placed to ensure that fine material does not bleed into the 

sand and compromise its ability to filter water.  There are different types of geotextile fabric.  In 

Minnesota, Mn/DOT refers to five different types.  Type V is used for separation and stabilization 

which is the design intent as shown in Figure 7. 

 Flat drain tile - The draintile conveys surface water that filtrates from the surface to the collector 

pipes around the field perimeter.  The combination of the draintile and permeable surface layers 

ensures that the surface will be free of any surface water.  The draintile is installed at 45-degrees 

against the direction of the surface grade and spaced 15' on center.  The designer may determine 

that a sand subsurface is not needed.  Then, the cross section will be more typical of Figure 8.  In 

this design, the draintile is wrapped in Type V geotextile and sits at the bottom of the base layer. 

 Base - The depth range of the base is 6-inches to 13-inches.  It is comprised of two layers.  The 

first layer is comprised of 3/4 inch processed stone.  The second layer is a blend of 3/8-inch stone 

and sand stone.  This base layer is compacted so that it is very hard, stable, and porous. 

 Shock pad - This is an optional layer that is added to increase performance and player safety.  

Generally, it is added if elastometric infill is chosen and is unnecessary if crumb rubber infill is 

used.  Choosing the right type of shock pad is influenced by how it performs with the chosen 

surface.  There are choices of thicknesses, densities, and materials.  It can be produced in the 

factory or on-site.  It has perforations to ensure stormwater can pass through. 

 Turf Carpet - Playing surfaces are comprised of two main components:  the tufts and the infill 

material.  Different uses require different pile heights, the measurement from the surface of the 

carpet to the backing, as detailed in the Table 3 below.  However, the length of exposed pile over 

the infill is typically 3/4-inches long. 

Figure 8 - Typical Layers in Synthetic Turf w/o Sand Subbase 
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Table 3 - Pile Height 

Type 
Pile Height Range 

[Inches] Comment 

Putting greens 3/8 - 1-1/4 Height varies on the type and planned use. 

Dogs 1 - 1-1/4 Not discussed in this report; should not use infill. 

Landscape 1-1/2 - 2 1-3/4 high is the most common 

Athletic fields 2 - 3 2.25 - 2.5 inches is the most common 

 

5.2  Fiber Type 

Turf fibers are responsible for comfort and safety of the player, durability, natural grass-like look with soft 

and pleasing grass-like feel, and resilience. The ideal fibers should possess lowest skin friction, reduced 

skin abrasion, superior durability, high resilience, and temperature stability.  The fiber used in synthetic 

turf is textured and/or non-textured polypropylene, polyethylene, or nylon and should be compliant with 

ASTM guidelines.  Polyethylene is most commonly used for sports fields, and polypropylene and nylon 

are used for landscaping, light backyard activity, and golf.  They are classified as either slit-film, 

monofilament, or hybrid as discussed in Table 4. 

 

5.3  Face Weight 

The face weight, or the ounces of synthetic strands per square yard, is affected by the pile height and the 

density of the piles attached to the backing as shown in Figure 9.  Though synthetic surfaces with a 

heavier face weight are more expensive, they are softer and more durable.  Most artificial turf products 

have a face weight of 40-90 ounces per square yard (SY).  Specifically, putting greens tend to have a 

face weight of 40-55 

ounces per SY, and 

athletic fields have a 

face weight of 75-90 

ounces per SY. 

 

The backing weight is a 

combination of the 

primary and secondary 

backings.  This weight 

will range from 26 - 34 

ounces per SY for turfs 

that are used for outdoor 

sporting uses.  If the 

weight, is less than 22 ounces, it might be acceptable for leisurely use, but not for sporting events with 

vigorous activity.  The techniques and manufacturing process are evolving and do vary.  However, most 

utilize a primary and secondary backing.  The piles are attached to the primary backing.   Depending on 

the product, the thickness and number of layers used will vary. 

 

The primary backing is the layer of material that the yarn is punched through.  The cost and performance 

increase as the primary backing thickness increases.  The weight of the primary backing is typically 6-8 

ounces per SY. 

 

The secondary backing is the coating on the back of the turf.  Without it, synthetic turf would not last very 

long as it provides all weather durability and binds the tufts together.  Secondary backing can be avoided 

if the knitting process wraps the individual blades around a single layer of mesh backing, but this is not 

typically done in the US.  In the US, polyurethane is typically used as the coating.  In Europe and Asia,  

Figure 9 - Face Weight Derivation 

Primary Backing - Derived From Tufts, 6-8 ozs. 

 
Secondary Backing - 20-26 ozs. 

 

Face Weight - Derived From Tufts, 75-90 ozs. 
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Table 4 - Fiber Types 

 
 

Slit-film 

Description 

 Used exclusively before monofilament fibers entered the 
marketplace 

 Cut into thin strips, then slit with razors to create multiple 
strands 

 At installation, the fibers appear rather wide and with use 
the fibers bloom and separate 

 Reduces infill splash better than other fiber types of due 
to the fibers laying over and encapsulating the fill 

 Ideal for high use areas under 40,000 square feet and 
indoor facilities used over 4,000 hours per year 

 
Ideal for 

 High-use facilities 

 Football 

 Baseball/softball 

 Multi-sport fields 

 
 

Monofilament 

Description 

 First used in sports fields in 2005 

 Intended to be thicker and more durable than slit film 

 Single strands of yarn made to more closely resemble the 
appearance of grass blades 

 They are softer than slit-film, but not as durable 

 Not designed to split 

 Shapes, polymer blends and the manufacturing process 
vary and greatly influence the wearability 

 Soccer balls bounce, roll, and slow down as they would 
on a grass field 

 
Ideal for 

 Soccer 

 Football 

 Lacrosse 

 
 

Hybrid 

Discussion 

 Slit-film and monofilament fiber type are stitched into the 
backing in alternating rows 

 These dual-fiber products are marketed to combine the 
positive attributes of slit-film and monofilament fibers 

 Currently unproven by research but market share is 
growing 

 
Ideal for 

 Football 

 Multi-sport fields 
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latex coating is more prevalent.  Standard weight is 20 ounces per yard, although some turfs do specify 

26 ounces for more tuft bind and durability. 

 

5.4  Infill 

There is no shortage of variety of infill materials to select from.  Each manufacturer has its own line of 

materials that they promote.  A brief discussion of the main types are provided in Table 5.  Most synthetic 

turf sports fields typically employ thermoplastic elastomers or crumb rubber as the infill selections. 

 

6   Construction 

Construction of athletic fields that use synthetic turf will need to have construction documents prepared by 

a team of design professionals.  These signed documents will contain contracts, geotechnical information, 

specifications, and drawings.  The engineers estimate will drive the bid solicitation process and review 

time.  Construction time, from first dig to substantial completion, can be completed in 9-12 weeks.  If the 

ground is excessively wet or frozen, construction should not occur.  Therefore, for a high school facility, 

construction is recommended during the summer months when schools are traditionally out of session.  

Overall, from design to final completion, the project can be completed in approximately 12 months.  A 

construction specification for synthetic turf surfacing that was used in Marshall, MN, is included in 

Appendix D.  A typical construction schedule with task breakout is provided in Appendix E. 

 

Though the site conditions vary from site to site, the design and construction steps are very similar on 

each project.  Therefore, as an alternative to the traditional design-bid-build procurement, a design-build 

approach may warrant consideration. 
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Table 5 - Infill Types 

Infill Type Discussion 

 
 

Styrene butadien rubber (SBR) 
commonly referred to as crumb 

rubber 

Description 
Crumb rubber is made from recycled rubber tires.  Ambient (at or 
above room temperature) and cryogenic (-80 degrees Celsius) 
mechanical grinding processes that grind tires into a product with 
little or no manufactured metal.  Holds the market share as an 
infill material.  This product is accepted by the EPA:  it does 
release some heavy metals, but the amounts are low enough that 
the body can tolerate them.  It is the most cost affordable option. 
 
Advantages 

 Low cost / recycled material 

 Highly analyzed and tested for safety, environmental and 
health 

 Good drainage 

 Does not float 

 Low maintenance, high UV stability - maintains resiliency 

 Manufacturers warranties 

 Warm fields in freezing climates 

 Readily available 
 
Disadvantages 

 Poor reputation / perception as 'trash' 

 Perception as hazardous to human health 

 'Heat' of play, hot fields / concern in warm climates 

 Static cling - gets in uniforms and equipment 

 
 

Thermoplastic elastomers (TPE) 

Description 
Produced by using prime raw materials which offer a stable shock 
absorption for synthetic turf fields.  Comprised of plastic and 
rubber.  Marketed as an alternative material to crumb rubber.  
When selected, it's because of no heavy metals and lower heat 
absorption. 
 
Advantages 

 Low maintenance 

 Very good drainage 

 Manufacturers warranties 

 Variety of colors - reported to reduce heat concerns 

 Does not require irrigation 

 Does not float 

 Can add weight/stability to infill systems 

 
Disadvantages 

 High cost - high materials costs 

 Cost - use of resilient pad recommended 

 Relative hardness - needs resilient pad 

 Generic material - must use proven, proprietary 
formulations for quality 

 Limited availability in quantities needed for fields 

 Unproven limited analysis for use as infill 
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Ethylene Propylene Diene Monomer 
(EPDM) 

Description 
A polymer elastomer with high resistance to abrasion and wear 
and will not change its solid form under high temperatures. 
Available in many colors.  It is not typically used as an infill 
material.  Typically used in playground areas and running 
surfaces such as tracks and tennis courts as it can be formed 
similar to concrete.  The granule size of EPDM varies and is 
similar to SBR granules. 
 
Advantages 

 Low maintenance 

 No heavy metals 

 High UV stability - maintains resiliency 

 Does not float 

 Variety of colors - reported to reduce heat concerns 

 Does not require resilient pad or irrigation 

 Can be shaped and formed in field if incorporated with poured 
in place (PIP) application 

 
Disadvantages 

 High materials costs 

 Very similar chemical make-up & potentials as crumb rubber 

 Must use proven - proprietary formulations for quality 

 Limited availability in quantities needed for fields 

 
 

Organics 

Description 
Includes a variety of organic components, such as natural cork 
and/or ground fibers from the outside shell of the coconut.  These 
products can be utilized in professional sports applications as well 
as for landscaping.  At the end of its life cycle it can be recycled 
directly into the environment.  Not typically recommended as infill 
because of high costs and short life span. 
 
Advantages 

 Can be recycled (not made from recycled material) 

 No heavy metals 

 Light color absorbs less visible light to reduce cooling; lower 

heat absorption than crumb rubber 

 Natural product–not chemically produced 

 Low density decreases the weight needed to fill the turf 
 
Disadvantages 

 Must be kept moist - requires irrigation system 

 Potential to plug/affect drainage 

 Freezes-hard fields in freezing climates 

 Potential for weed and mold growth 

 Moderate resilience will require a pad or combination with 
SBR 

 Low density allows material to float, cling to fibers with static 
charge 

 Limited availability 

 Life span of 2-3, instead of 10 year life span of rubber crumbs 

 High material costs 
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Silica sand  

Description 
Large particle-sized highly-rounded sand can provide a synthetic 
turf infill that does not compact in the way the smaller, more 
angular sand tends to compact.  Typically used in landscaping.  If 
used in sport surfaces, it is often used as the bottom layer of the 
infill.  Sand (silica and angular) can be coated with rubber as an 
additional alternative.  Angular sand should not be used in place 
of silica sand as it will breakdown and become compacted. 
 
Advantages 

 Relatively low cost per pound 

 Highly analyzed as infill with no known long term issues 

 Low maintenance 

 Inorganic material–can be cleaned to have low impurities 

 Can be coated to give it color 
 
Disadvantages 

 No resiliency–low shock absorption 

 Abrasive 

 Requires a pad 

 High transportation costs due to weight 

 High number of pounds required to infill the system (high 
cost) 

 
Coated Crumb Rubber 

Description 
Coated crumb rubber encapsulated with a cross-linkable, UV 
resistant coating.  It provides additional aesthetic appeal, 
reduction of dust by products during the manufacturing process 
and complete encapsulation of the rubber particle. 
 
Advantages 

 High UV stability - maintains resiliency 

 Coating reported to encapsulate SBR rubber outgassing & 
improve heat concerns 

 Does not float 

 Does not require resilient pad or irrigation 

 Variety of colors  

 Reported to reduce heat concerns 

 Excellent shock absorption 

 Low cost  

 Post-consumer recycled product that reuses tires  
 
Disadvantages 

 High cost - high materials costs 

 Same chemical make-up & potentials as SBR rubber 

 Relatively little analysis as turf infill 

 Limited availability 

 Post-consumer recycled product from material source 
variability 

 Public perception of potential health impact 

 Has new tire odor 
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Coated Sand 

Description 
Coated sand has been presented as an alternative to SBR, with 
companies stating infill-splash is reduced.  It is not sufficiently 
robust to withstand outdoor use and the abuse of high traffic 
areas on sports fields.  Overall, this infill material is not 
recommended for sports field use, but may be an option for light 
recreational use. 
 
Advantages 

 Available in various colors and particle sizes 

 Non odorous 

 Low maintenance 

 Variety of colors - reported to reduce heat concerns 

 Does not require irrigation 

 Does not float 

 Can add weight/stability to infill systems 
 
Disadvantages 

 High cost - high materials costs 

 Cost - use of resilient pad recommended 

 Relative hardness - needs resilient pad 

 Generic material - must use proven - proprietary formulations 
for quality 

 Limited availability in quantities needed for fields 

 Limited analysis for use as infill 

 Unproven - limited use as infill 
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6.1  Lines 

All sport fields have field lines for delineation.  There are two different methods that should be used to 

place lines that are shown in Table 6. 

 

Table 6 - Line Types 

Line Type Advantage Disadvantage Comments 

 

 
 

Inlaid Lines 

 Same texture as 
entire field. 

 Little to no 
maintenance in order 
to keep looking 
vibrant. 

 More initial cost than 
painting; but requires 
no special 
maintenance. 

 Additional QA/QC 
during construction to 
avoid seaming 
problems. 

 Permanent 

 For budgeting 
purposes, add $0.50 
per SF for inlaid lines. 

 

 
 

Painted Lines 

 Lower cost installation 
than inlaid 

 Different texture than 
rest of the playing 
field.   

 Requires continued 
application and 
maintenance; buildup 
can occur. 

 Assure that correct 
type of paint is used to 
facilitate in removal. 

 

Routed lines are not included in Table 6 and should not be employed.  This installation method requires 

partial routing off the fiber surface and gluing the lines to the existing backing.  Ideally, these lines require 

little to no maintenance in order to keep vibrant and cost less to install than inlaid lines.  However, the 

final height is inconsistent with the rest of the playing surface which allows them to peel away from the 

primary surface, and they are not easy to readhere.  Replacement of the existing adhesive needs to be 

removed with great difficulty.  Then a new line needs to be adhered. 

 

6.2  Seams 

Only straight lines on a field can come from the manufacturer as part of the field.  All other lining and 

logos must be painted or inlaid by a seam that is glued.  Seams are also required to attach the 

manufactured panels or rolls that are usually 12-15 feet wide.  Each panel or roll is attached to the next 

with a seam that is sewn or glued.   

 

These seams are very problematic, especially if they are not installed correctly.  A seam that has failed 

affects playing performance and safety, and they need to be monitored and quickly repaired.  This is an 

expensive and timely process.  Therefore, regardless of which method is considered, the bonding or 

fastening of all turf components needs to provide a permanent, tight, secure, and hazard-free athletic 

playing surface.  Table 7 provides a brief description of each method. 
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Table 7 - Seam Types 

Seam Type Discussion 

 
 

Glued Seam 

Discussion 
Adhesive is applied to a seaming that is approximately 6-inches 
wide. and the backing of each side is pressed against the 
adhesive.  While the adhesive sets, the turf should have weight 
applied and/or nailed down.  With playgrounds or fields, it is 
advised to remove the spikes, nails or staples after the adhesive 
has cured.  Nails and staples can work themselves out of the soil 
and cause injury. 
 
Gluing the seams covers a much broader area on the backing 
than sewing. The wear at the seams is distributed over a larger 
area than with sewn seams.  However, with glued seams the 
large turf panels can shift and raise over time. Eventually the 
glued seam will no longer be able to endure the wear and tear 
caused by regular playability. As a result the glued seam will 
literally bust open allowing for the panels to shift. 
 
Inlaid features (e.g. logos, numbers, etc.) on synthetic turf fields 
are done by cutting out the green turf and replacing it with the 
desired color turf want in that area. The inlaid feature is placed 
over the green turf as a template and the underlying turf is cut 
out. Then seaming tape is inserted under the turf, adhesive 
applied, and the new feature inlaid in the field. 

 
 

Sewn Seams 

Discussion 
Sewn seams proponents justify the extra cost because there is 
little to no chance of seams becoming undone.  The additional 
cost is mainly from the additional time to construct.  Higher quality 
seams use an additional piece of backing.  Each panel is sewn to 
the additional piece as opposed to being sewn to each other. 
 
Sewing is only done for long linear portions.  Smaller inlaid 
portions or any section that is non-linear is typically seamed 
together by the gluing method. 

 

7   Maintenance 

Maintenance and operations are part of any constructed facility's life cycle.  For synthetic surfaces, 

maintenance items such as grooming, vacuuming, spot cleaning, infill renewal, and seam repair will need 

to occur.  Each vendor will have their own guidelines, and each field should have a plan that fits its need.  

The Synthetic Turf Council, an industry advocate, has guidelines for maintenance of infilled synthetic turf, 

and they are in Appendix F.  These guidelines do discuss grooming, a costly maintenance task.  

Appendix G from the US Navy gives greater detail into the basis for the frequency of grooming.   

 

The design team should specify in the construction documents for the contractor and manufacturer to 

supply a complete maintenance plan.  The types of maintenance that will be required are scheduled, 
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preventative, and refurbish.  To conduct maintenance of a synthetic turf field, an initial equipment budget 

of $70,000 should be used.   

 

7.1  Scheduled Maintenance 

Typically, synthetic turf fields will need to be groomed 

after 80-120 hours of use, and will likely occur 2-3 times 

per month.  The grooming operation consists of a 

grooming machine shown in Figure 10 that hooks up in 

the back of a tractor or larger UTV.  The grooming 

machine will pick up metals and lifts up and levels the 

field's infill.  Grooming will keep the turf looking new as it 

will lift up the individual fibers, prevents matting, and 

prohibits the infill material from compacting. 

 

7.2  Preventative 

The surface may need to be cleaned of trash and leaves.  

A piece of equipment that will be used for this is a turf 

sweeper shown in Figure 11.  Unlike grass surfaces, 

synthetic surfaces do not require water or fertilizer.  For 

outdoor facilities, natural precipitation should keep turf 

clean.  If needed though, water can be used to clean the 

surface. 

 

Anything that sticks to synthetic turf is problematic.  

Adhesive tapes (e.g. duct, scotch, masking, etc.) should 

not be used.  To clean, pull off the material that can be 

readily removed.  From there, use an ice cube or 

freezing spray to cool down the area and use a dull putty 

knife as needed. 

 

7.3  Refurbish 

If a product is adequately designed, constructed, and 

maintained, the surface will gradually become degraded 

by natural sunlight and still suffer UV degradation.  In 

essence, they become brittle and hard and will break off 

readily on contact.  Eventually, infill material will appear 

as in Figure 12.  Typically, synthetic surfaces are 

warrantied for eight years and may last up to twelve 

years.  The extra years of life beyond eight years is 

typically seen in northern climates because of less 

exposure due to snow cover. 

 

7.4  Maintenance Costs 

There have been numerous studies done related to the maintenance cost of athletic grass and synthetic 

surfaces.  Synthetic turf versus natural grass analysis is not an apples to apples comparison.  It is this 

lack of a standard that makes it so difficult to ascertain and assess the data.  If synthetic turf is chosen for 

installation, the different factors that will dictate which turf is installed and how it is maintained include: 

 

 Amount of use and level of play 

Figure 10 - Groomer - Used for Field Leveling 

Figure 11 - Turf Sweepers - Used for Trash 

Figure 12 - Synthetic Surface at the End of 

Its Life Cycle 
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 Multi-sport use 

 Weather and climate 

 Soil and terrain 

 Water availability and irrigation system 

 Budget including personnel availability 

 Owner’s goals 

 Type and quality of field construction 

 Field security (protection against vandalism, non-regulated play, etc.) 

 

The athletic turf industry is big.  Athletic field installations and equipment has evolved into a multimillion 

dollar business.  A lot of studies, documentation, websites, and literature exist.  This information will often 

refer to costs (e.g. design, construction, maintenance, event, etc.) that justify one product over the other.  

Any combination of the various factors listed above can be used to claim the cost of one product is more 

favorable than the other. 

 

Still, annual maintenance costs do exist for each turf.  Analysis done in 2008 by the Sports Turf 

Management Association (STMA) provided data for various fields that is captured in Table 8 below.  It 

indicates that the maintenance costs of a synthetic surface is similar to that of a grass field.  With a proper 

maintenance schedule, synthetic turf manufacturers claim that any field could host as many events as 

time would allow.  Therefore, it can be concluded that the number of programmable hours required is a 

more important than maintenance costs in the planning stage. 

 

Table 8 - Athletic Field Maintenance Costs 

Surface Location Annual Events 
Material (not 

including labor) 
Labor 
hours 

Synthetic turf 

Westchester 
Area School 
District~50 miles 
west of 
Philadelphia, 
multiple fields 

Varies depending 
on the site $6000 375 

Natural grass Denver 110 soccer events $5500-$8000 415 

Natural grass New York State 
15 football, 30 
lacrosse $4000 250 

Natural grass, built 
on 90% sand, 10% 
peat modified field Denver 

35 football, 10 
other events $9000-$11000 750 

 

Other studies have indicated similar relative costs.  In 2005, Michigan State University's Certified Sports 

Turf Manager, Amy Fouty, cited typical annual maintenance costs for her natural grass and synthetic turf 

fields as summarized in Table 9. 

 

Table 9 - Annual Maintenance Costs at Michigan State University 

Surface Type Annual Maintenance Cost 

Synthetic turf $13,720 - $39,220 

Natural grass $8133 - $48,960 

 

In summary, maintenance costs appear to be approximately equal for each agency regardless of which 

surface is used.  Without historical data, it is suggested an amount of $10,000 per year is used for 
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planning purposes.  This data allows for the completion of a life cost table for synthetic turf and natural 

grass fields for MPS that is provided in Appendix H. 

 

7.5  MPS Budget Costs for Maintenance 

There is no single budget code for maintaining the synthetic turf field at Washburn High School.  Instead, 

it gets charged to a general budget code.  The field gets brushed with a 'litter cat' every 100 hours of use 

along with a verta-top field groomer twice a year, once in the spring and again in the fall.  The yearly 

maintenance cost for this is approximately $1100.  It is unknown exactly why this is so much less than 

typical.  Regardless, a maintenance plan that was provided by Astroturf, the vendor for the Washburn 

High School synthetic turf field, is provided in Appendix I. 

 

7.6  Stormwater Utility Fees 

The City of Minneapolis issues a stormwater utility fee.  Depending upon soils and BMP's made available 

at the site, the fee could be as much as $9600 per year for a synthetic turf field.  A sample calculation and 

discussion is provided in Appendix J.  It is unknown if the Washburn High School Football field is 

accounted for in the City of Minneapolis' stormwater utility fee. 

 

7.7  G-max Testing 

Synthetic turf surfaces first installed in the 1960's were relatively hard.  There were common complaints 

about the bounce of the ball, body aches the next day, and major and minor injuries that resulted in the 

loss of playing time.  The technology and installation of placing infill into the tufts  has greatly lowered the 

hardness of synthetic turf surfaces. 

 

Impact testing that measures the shock-attenuation of sports surfaces is referred to as g-max testing.  

ASTM has established a maximum threshold values of 200 G-max and their standard test that measures 

the values is F1936 - Standard Specification for Impact Attenuation of Turf Playing Systems as Measured 

in the Field.  It is provided in Appendix K.  The higher the G-value, the harder the playing surface.  Typical 

values of various playing surfaces are shown in Figure 13. 

 

The maximum threshold value of 200 is based on historical data.  Values of 200 and above are 

considered when life threatening head injuries may be expected to occur.  ASTM states that if a turf 

playing system is tested in accordance with this specification, and the reported average G-max of one or 

more test points is equal to or greater than 200 g’s, the turf playing system should be brought into 

compliance and should not be used in the interim.  This maximum impact level of 200 average g-max has 

been accepted by the US Consumer Product Safety Commission. 

 

G-max measurements are not static.  On synthetic turf surfaces, G-max values will generally increase as 

the field ages.  The amount of the increase, and the rate at which it occurs, are tied to construction 

methods, materials used, levels of play, environmental conditions, and the frequency and types of 

maintenance.  On a natural grass field these same factors are at work, along with the moisture content of 

the soil, the type of turf grass, and the density of coverage.  New synthetic fields should be tested before 

they are accepted from the builder so that a base line can be established and to verify that the 

construction specifications were met. 
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Though ASTM is the accepted threshold standard, there is no accepted standard for testing frequency.  

There are various factors to consider when determining the testing frequency:  the trend in your field log, 

age of your field, amount of field use, particular manufactures recommendations, and risk impact.  Some 

organizations, like the NFL, dictate that each playing surface is tested before each game in addition to a 

maximum G-value of 165.  The Minnesota State High School League (MSHSL), which MSP is a member 

of, does not have any requirements for the frequency of g-max testing or a maximum g-max value.  Still, 

there are some trends.  Construction documents typically indicate new synthetic fields should be tested 

before they are accepted from the builder.  After that, most opinions are one or two times a year, with one 

being the general consensus because: 

 

 Annual testing demonstrates a serious and proactive commitment to safety 

 Fields rarely become unsafe overnight, so testing once a year should provide adequate 

warning of emerging safety issues 

 Significant changes in g-max readings can be an early sign that problems are developing 

within the turf system.  An annual test can alert you to these problems before they become 

critical 

 Annual testing generates a meaningful historical record that can be important if warranty or 

liability issues arise 

 Testing once a year is $500 to $1000 per test and isn't a "budget buster" 
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ASTM is a very reputable source for testing standards.  However, some have questioned the results and 

pertinence of the testing methodology as they apply to playing surface impact.  Cadaver, large animal, 

and subhuman primate studies were initially used by the military and automotive safety engineers to 

provide initial impact prevention thresholds related to maximum acceleration.  This data was used to 

establish values exceeding of 200 g-value and 1000 HIC max as being a risk to life.  These values were 

being recommended by the Consumer Product Safety Commission and later became the impact 

attenuation thresholds of ASTM F1292 in the early 1990s.  Currently, the 200 g-value and 1000 HIC are 

still the threshold values that are in use in the turf industry. 

 

Playground areas are an area that need to address impact and shock attenuation.  The surface types 

under playground equipment will vary.  Often, this material is composed of loose filled material that is 

difficult to obtain a G-max tested value for.  Therefore, the Public Safety Playground Handbook (Appendix 

L, cover only) by the Consumer Product Safety Commission is used.  It provides minimum compressed 

loose-fill surfacing depths for maximum fall heights as shown in Table 10. 

 

Table 10 - Minimum Compressed Loose Surfacing Depths 

Depth 
[Inches] Loose Fill Material 

Max Fall Height 
[Feet] 

6 Shredded/recycled rubber 10 

6 Sand 4 

9 Pea Gravel 5 

9 Wood mulch 7 

9 Wood chips 10 

 



 
 

Appendix A 
How Artificial Turf is Made 

  



 
 

 

So if you would like to impress all of your family and friends, please read this article, copied verbatim from 
http://www.madehow.com/Volume-7/Artificial-Turf.html  

Artificial Turf 
Artificial turf is a surfacing material used to imitate grass. It is generally used in areas where grass cannot 

grow, or in areas where grass maintenance is impossible or undesired. Artificial turf is used mainly in 

sports stadiums and arenas, but can also be found on playgrounds and in other spaces. 

Artificial turf has been manufactured since the early 1960s, and was originally produced by Chemstrand 

Company (later renamed Monsanto Textiles Company). It is produced using manufacturing processes 

similar to those used in the carpet industry. Since the 1960s, the product has been improved through new 

designs and better materials. The newest synthetic turf products have been chemically treated to be 

resistant to ultraviolet rays, and the materials have been improved to be more wear-resistant, less 

abrasive, and, for some applications, more similar to natural grass. 

History 
In the early 1950s, the tufting process was invented. A large number of needles insert filaments of fiber 

into a fabric backing. Then a flexible adhesive like polyurethane or polyvinyl chloride is used to bind the 

fibers to the backing. This is the procedure used for the majority of residential and commercial carpets. A 

tufting machine can produce a length of carpet that is 15 ft (4.6 m) wide and more than 3 ft (1 m) long in 

one minute. 

In the early 1960s, the Ford Foundation, as part of its mission to advance human achievement, asked 

science and industry to develop synthetic playing surfaces for urban spaces. They hoped to give urban 

children year-round play areas with better play quality and more uses than the traditional concrete, 

asphalt, and compacted soil of small urban playgrounds. In 1964, the first installation of the new playing 

surface called Chemgrass was installed at Moses Brown School in Providence, Rhode Island. 

In 1966, artificial turf was first used in professional major-league sports and gained its most famous brand 

name when the Astrodome was opened in Houston, Texas. By the first game of the 1966 season, artificial 

turf was installed, and the brand name Chemgrass was changed to AstroTurf. (Although the name 

AstroTurf is used as a common name for all types of artificial turf, the name is more accurately used only 

for the products of the AstroTurf Manufacturing Company.) 

Artificial turf also found its way into the applications for which it was originally conceived, and artificial turf 

was installed at many inner-city playgrounds. Some schools and recreation centers took advantage of 

artificial turfs properties to convert building roofs into "grassy" play areas. 

http://www.madehow.com/Volume-7/Artificial-Turf.html
http://www.madehow.com/knowledge/Monsanto.html
http://www.madehow.com/knowledge/Ultraviolet.html
http://www.madehow.com/knowledge/Polyurethane.html


 
 

After the success of the Astrodome installation, the artificial turf market expanded with other 

manufacturers entering the field, most notably the 3M (Minnesota Mining and Manufacturing) Company 

with its version known as Tartan Turf. The widespread acceptance of artificial turf also led to the boom in 

closed and domed stadium construction around the world. 

In the early 1970s, artificial turf came under scrutiny due to safety and quality concerns. Some 

installations, often those done by the number of companies that sprang up to cash in on the trend, began 

to deteriorate. The turf would wear too quickly, seams would come apart, and the top layer would soon 

degrade from exposure to sunlight. Athletes and team doctors began to complain about the artificial 

surfaces, and blamed the turf for friction burns and blisters. Natural turf yields to the force of a blow, but 

an arm or leg driven along the unyielding surface of artificial turf is more likely to be injured. Since artificial 

turf does not have the same cooling effects as natural turf, surface temperatures can be 30° warmer 

above the artificial surfaces. Baseball players claimed that a ball would bounce harder and in less 

predictable ways, and some soccer players claimed that the artificial surface makes the ball roll faster, 

directly affecting the game. However, the National Football League and the Stanford Research Institute 

declared in 1974 that artificial turf was not a health hazard to professional football players, and its use 

continued to spread. 

In the 1990s, biological turf began to make a comeback when a marketing of nostalgia in professional 

sport resulted in the re-emergence of outdoor stadiums. Many universities—responding to the nostalgia, 

advances in grass biology, and the fears about increased risk of injury on artificial turf—began to reinstall 

natural turf systems. However, natural turf systems continue to require sunlight and maintenance 

(mowing, watering, fertilizing, aerating), and the surface may deteriorate in heavy rain. Artificial turf offers 

a surface that is nearly maintenance-free, does not require sunlight, and has a drainage system. Recent 

developments in the artificial turf industry are new systems that have simulated blades of grass supported 

by an infill material so the "grass" does not compact. The resulting product is closer to the look and feel of 

grass than the older, rug-like systems. Because of these factors, artificial turf will probably continue to be 

a turf surface option for communities, schools, and professional sports teams. 

 

The Houston Astrodome. 

Dubbed "The Eighth Wonder of the World," the Houston Astrodome opened April 9, 1965 for the first 

major-league baseball game ever played indoors. Americans hailed the massive $48.9-million concrete, 

http://www.madehow.com/knowledge/Simulation.html
http://www.madehow.com/knowledge/Reliant_Astrodome.html


 
 

steel, and plastic structure as a historic engineering feat. A rigid dome shielded the 150,000-ft 2 (13,935 

m 2 ) playing field of natural grass from the Texas heat, wind, and rain. The Astrodome was the world's 

first permanently covered stadium. 

The roof—642 ft (196 m) in diameter and constructed on the principles of American architect Buckminster 

Fuller's geodesic dome—contained 4,596 rectangular panes of Lucite, an acrylic material designed to 

allow the sun to shine through without casting shadows. Still, the Houston Astros baseball team soon 

complained that the resulting glare made it difficult to catch fly balls. Stadium officials tinted the Lucite 

gray, but the tint was not good for the grass, which turned a sickly shade of brown. As a result, when the 

team took to the field for the 1966 season, their spikes dug into another revolutionary baseball first: 

synthetic grass. Today, AstroTurf—as the material was called—blankets more than 500 sports arenas in 

32 countries. 

The Astrodome underwent $60 million worth of renovations to increase its seating capacity in 1989. As 

the years went on, new technology developed making this "Eighth Wonder" outdated. The Astros played 

their last game at the Astrodome on October 9, 1999 before moving to Enron Field. In 1997, the Houston 

Oilers relocated to Tennessee and were renamed the Tennessee Titans. Huricane Katrina is the last 

significant footnote for this building has it helped house over 25,000 victims in 2005.  In 2008, the facility 

was cited for numerous code violations, and only maintenance workers and security guards enter the 

building while it is brought up to code. 

Raw Materials 
The quality of the raw materials is crucial to the performance of turf systems. Almost anything used as a 

carpet backing has been used for the backing material, from jute to plastic to polyester. High quality 

artificial turf uses polyester tire cord for the backing. 

The fibers that make up the blades of "grass" are made of nylon or polypropylene and can be 

manufactured in different ways. The nylon blades can be produced in thin sheets that are cut into strips or 

extruded through molds to produce fibers with a round or oval cross-section. The extruded product results 

in blades that feel and act more like biological grass. 

Cushioning systems are made from rubber compounds or from polyester foam. Rubber tires are 

sometimes used in the composition of the rubber base, and some of the materials used in backing can 

come from plastic or rubber recycling programs. The thread used to sew the pads together and also the 

top fabric panels has to meet the same criteria of strength, color retention, and durability as the rest of the 

system. Care and experience must also be applied to the selection of the adhesives used to bond all the 

components together. 

The Manufacturing Process 

http://www.madehow.com/knowledge/Buckminster_Fuller.html
http://www.madehow.com/knowledge/Buckminster_Fuller.html
http://www.madehow.com/knowledge/Poly_methyl_methacrylate_.html
http://www.madehow.com/knowledge/Houston_Astros.html
http://www.madehow.com/knowledge/Enron.html


 
 

The "grass" part of a turf system is made with the same tufting techniques used in the manufacture of 

carpets. 

1. The first step is to blend the proprietary ingredients together in a hopper. Dyes and chemicals are 

added to give the turf its traditional green color and to protect it from the ultraviolet rays from the 

sun. 

2. After the batch has been thoroughly blended, it is fed into a large steel mixer. The batch is 

automatically mixed until it has a thick, taffy-like consistency. 

3. The thickened liquid is then fed into an extruder, and exits in a long, thin strand of material. 

4. The strands are placed on a carding machine and spun into a loose rope. The loose ropes are 

pulled, straightened, and woven into yarn. The nylon yarn is then wound onto large spools. 

5. The yarn is then heated to set the twisted shaped. 

6. Next, the yarn is taken to a tufting machine. The yarn is put on a bar with skewers (a reel) behind 

the tufting machine. It is then fed through a tube leading to the tufting needle. The needle pierces 

the primary backing of the turf and pushes the yarn into the loop. A looper, or flat hook, seizes 

and release the loop of nylon while the needle pulls back up; the backing is shifted forward and 

the needle once more pierces the  

 

How the ingredients of artificial turf are blended. 

backing further on. This process is carried out by several hundred needles, and several hundred 

rows of stitches are carried out per minute. The nylon yarn is now a carpet of artificial turf. 

7. The artificial turf carpet is now rolled under a dispenser that spreads a coating of latex onto the 

underside of the turf. At the same time, a strong secondary backing is also coated with latex. Both 



 
 

of these are then rolled onto a marriage roller, which forms them into a sandwich and seals them 

together. 

8. The artificial turf is then placed under heat lamps to cure the latex. 

9. The turf is fed through a machine that clips off any tufts that rise above its uniform surface. 

10. Then the turf is rolled into large v/lengths and packaged. The rolls are then shipped to the 

wholesaler. 

Installation 

Artificial turf installation and maintenance is as important as its construction. 

1. The base of the installation, which is either concrete or compacted soil, must be leveled by a 

bulldozer and then smoothed by  

 

A profile of artificial turf. 

a steam roller. Uneven surfaces will still be evident once the turf is supplied. 

2. For outdoor applications, intricate drainage systems must be installed, since the underlying 

surface can absorb little, if any, rainwater. 

3. Turf systems can be either filled or unfilled. A filled system is designed so that once it is installed, 

a material such as crumbled cork, rubber pellets, or sand (or a mixture) is spread over the turf 

and raked down in between the fibers. The material helps support the blades of fiber, and also 

provides a surface with some give, that feels more like the soil under a natural grass surface. 

Filled systems have some limitations, however. Filling material like cork may break down or the 

filling material can become contaminated with dirt and become compacted. In either case the 

blades are no longer supported. Maintenance may require removing and replacing all of the fill. 

Quality Control 
Because of the high use of artificial turf and the constant scrutiny by professional athletes, new products 

must undergo a number of tests as they are being developed. In 1994, the American Society for Testing 



 
 

and Materials (ASTM) published a list of standard methods for the testing of synthetic turf systems. It 

contains over two dozen tests for the properties of turf systems. 

As part of ASTM's testing, the backing fabric is tested for strength. The force it takes to separate the 

individual tufts or blades is also measured. In tufted turf, this test usually measures the strength of the 

adhesive involved. To test how resistant the turf is to abrasion, the ASTM recommends testing the fabric 

by running it under an abrasive head made of spring steel, while another ASTM test measures how 

abrasive the turf will be to the players. The ASTM also has tests that measure the shock absorbency of 

the turf system, and there are also tests to see how well the turf stands up during the course of a game or 

even prolonged tournament play. 

Several quality checks are performed during the manufacturing process, as well. For example, according 

to AstroTurf Incorporated, the following quality checks are performed:19 checks for the raw materials, 

eight checks for extrusion, six checks for unfinished fabric, and 14 checks for finished fabric. 

Byproducts/Waste 
Defected artificial turf batches are discarded as are nylon yarn that is damaged. Completed turf is 

generally recycled, but not reused as artificial turf. The earth that is cleared from the installation site is 

transported to a landfill and discarded. Older turf that has been worn down is typically recycled. 

The arguments about the environmental impact of artificial versus biological turf continue. Both create 

large amount of water run-off, adding to sewage problems. Chemical processes are used in the 

manufacture of raw materials for artificial turf, but most biological grass in stadium applications requires 

chemicals in the form of fertilizer and pesticides for maintenance. 

The Future 
The engineering and design of both artificial and biological turf systems are constantly improving. As new 

stadiums are built, the owners and architects strive to give a more old-fashioned feel to the structures, 

which usually means no dome or a dome that allows the use of biological turf. 

Recent installations of artificial turf have included new advancements that serve both economic and 

environmental needs. Large holding tanks are built beneath outdoor installations. The water that runs off 

the surface is held in the tanks, and used later for watering practice fields or nearby lawns. 

Another recent development has been a hybrid of filled turf and biological grass. Once artificial turf is 

installed, it is filled not with rubber or sand, but with soil. Grass seed is then planted in the soil, nurtured 

and grown to a height above that of the artificial turf. The resulting combination combines the feel, look, 

and comfort of biological turf with the resilience and resistance to tearing and divots of artificial turf. Of 

http://www.madehow.com/knowledge/Artificial_turf.html


 
 

course, it also requires all the maintenance of both systems, and it is not suitable for most indoor 

applications. 

Where to Learn More 

Books 

Schmidt. Natural and Artificial Playing Fields: Characteristics and Safety Features. Portland: Book News, 

Inc., 1990. 

Other 

"Manufacturing Information." AstroTurf Web Page. December 2001. http://www.astroturf.com  

Wilson, Nicholas. A Comparison of Filled Artificial Turf with Conventional Alternatives. Portland: 2000. 

Steven Guerriero 

  

http://www.astroturf.com/


 
 

Appendix B 
Crumb Rubber Production 

  



 
 

 

The following Article is from http://www.scraptirenews.com.  A youtube video that demonstrates an 
ambient process is at https://www.youtube.com/watch?v=ws-WoJAt9JY.   
 
Crumb Rubber Overview 
Crumb rubber is the name given to any material derived by reducing scrap tires or other rubber into 
uniform granules with the inherent reinforcing materials such as steel and fiber removed along with any 
other type of inert contaminants such as dust, glass, or rock. 

Crumb rubber is manufactured from two primary feedstocks: tire buffings, a byproduct of tire retreading 
and scrap tire rubber. Scrap tire rubber comes from three types of tires: passenger car tires, which 
represent about 84 percent of units or approximately 65 percent of the total weight of U.S. scrap tires; 
truck tires, which constitute 15 percent of units, or 20 percent of the total weight of U.S. scrap tires; and 
off-the-road tires, which account for 1 percent of units, or 15 percent of the total weight of U.S. scrap tires. 
End product yields for each of these tire types are affected by the tire’ s construction, strength and weight. 
On average, 10 to 12 pounds of crumb rubber can be derived from one passenger tire. 

Overall, a typical scrap tire contains (by weight): 
• 70 percent recoverable rubber 
• 15 percent steel 
• 3 percent fiber 
• 12 percent extraneous material (e.g. inert fillers) 

 

CRUMB RUBBER MANUFACTURING TECHNOLOGIES 
Generally, crumb rubber is produced by reducing scrap tires down to sizes ranging from 3/8” to 40 mesh 
particles and removing 99 percent or more of the steel and fabric from the scrap tires. There are several 
processes for manufacturing crumb rubber. Two of the most common are ambient grinding and cryogenic 
processing. A third technology-the wet grind process-is also in use in the U.S. to produce finer mesh 
crumb rubber ranging from 40 mesh to 200 mesh.  
 
Ambient Process 
Ambient grinding can be accomplished in two ways: granulation or cracker mills. In an ambient system, 
the rubber, tires or other feedstock remain at room temperature as they enter the cracker mill or 
granulator. 

Ambient grinding is conducive to any size particle, including whole tires. It can be accomplished in two 
ways: granulation or cracker mills. In an ambient system, the rubber, tires or other feedstock remain at 
room temperature as they enter the cracker mill or granulator. 

Ambient grinding is a multi-step processing technology that uses a series of machines (usually three) to 
separate the rubber, metal, and fabric components of the tire. Whether using granulation equipment or 
cracker mills, the first processing step typically reduces the original feedstock to small chips. The second 
machine in the series will grind the chips to separate the rubber from the metal and fabric. Then a 

http://www.scraptirenews.com/
https://www.youtube.com/watch?v=ws-WoJAt9JY


 
 

finishing mill will grind the material to the required product specification. After each processing step, the 
material is classified by sifting screens that return oversize pieces to the granulator or mill for further 
processing. Magnets are used throughout the processing stages to remove wire and other metal 
contaminants. In the final stage, fabric is removed by air separators. 

Rubber particles produced in the granulation process generally have a cut surface shape and rough 
texture, with similar dimensions on the cut edges. Uses for the crumb rubber or granulate produced in this 
process include safety and cushioning surfaces for playgrounds, horse arenas and walking/jogging paths. 

Cracker mills - primary, secondary or finishing mills - are all very similar and operate on basically the 
same principle: they use two large rotating rollers with serrations cut in one or both of them. The roll 
configurations are what make them different. These rollers operate face-to-face in close tolerance at 
different speeds. Product size is controlled by the clearance between the rollers. Cracker mills are low 
speed machines operating at about 30-50 RPM. The rubber usually passes through two to three mills to 
achieve various particle size reductions and further liberate the steel and fiber components. 

These mills do not have screens built into the mill and as such the mill itself does not control the final 
particle. A stand-alone screening system will separate “sized” particles from oversize granules following 
the mill and re-circulate the oversize products. The crumb rubber particles produced by the cracker mill 
are typically long and narrow in shape and have a high surface area. 

Crumb or ground rubber produced in this process is used in the manufacture of numerous rubber 
products. These include mats for domestic, commercial, recreational, industrial and agricultural use; 
rubber wheels for carts and lawnmowers; insulation products; lumber and other construction products. 

Cryogenic Process 
Cryogenic processing refers to the use of liquid nitrogen or other materials/methods to freeze tire chips or 
rubber particles prior to size reduction. Most rubber becomes embrittled or "glass-like" at temperatures 
below -80°C. The use of cryogenic temperatures can be applied at any stage of size reduction of scrap 
tires. Typically, the size of the feed material is a nominal 2 inch chip or smaller. The material can be 
cooled in a tunnel style chamber, immersed in a "bath" of liquid nitrogen, or sprayed with liquid nitrogen to 
reduce the temperature of the rubber or tire chip. The cooled rubber is ground in an impact type reduction 
unit, usually a hammer mill. This process reduces the rubber to particles ranging from 1/4 inch minus to 
30 mesh, with the majority of the particle distribution between 1/4 inch minus and 20 mesh. A typical 
throughput is 4,000 to 6,000 pounds per hour. Cryogenic grinding avoids heat degradation of the rubber 
and produces a high yield of product that is free of almost all fiber or steel, which is liberated during the 
process. 

For scrap tire derived rubber, the steel is separated out of the product by the use of magnets. The fiber is 
removed by aspiration and screening. The resulting material appears shiny, has clean, fractured surfaces 
and low steel and fiber content. The final product has a range of particle sizes, which can be used as is or 



 
 

further size-reduced. Production of finer (40 to 60 mesh) and very fine crumb rubber (60 minus and 
smaller mesh) requires a secondary high intensity grinding stage. 

Fine Grind - Ambient Method 
Micro milling, also called wet grinding, is a processing technology used to manufacture crumb rubber that 
is 40 mesh and finer. 

The wet grind process mixes partially refined crumb rubber particles with water creating a slurry. This 
slurry is then conveyed through size reduction and classification equipment. When the desired size is 
achieved, the slurry is conveyed to equipment for removing the majority of the water and then drying. 
Aside from the use of water, the same basic principles that are used in an ambient process are utilized in 
a wet grinding process. 

The major advantage for a wet grind process is the ability to create fine mesh crumb rubber. While 
products as coarse as 40 mesh are produced, the majority of the particles are 60 mesh and finer. A 
percentage of the overall throughput is finer than 200 mesh. Another advantage for a wet grind process is 
the cleanliness and consistency of the crumb rubber produced. The process literally “washes” the crumb 
rubber particles. The wet process removes the fine particles of fiber from the crumb rubber making a very 
clean product. 

The wet process also produces a unique morphology in the particles. This has proven effective in the 
manufacturing of several goods used in automotive applications and in certain molded goods.  
 
CRUMB RUBBER MARKETS 
Crumb rubber is used in a growing number of products and applications in a growing number of diverse 
markets. The following list is intended as a reference to the kind of markets and end-use applications that 
can or currently use tire-derived crumb rubber. It is in no way comprehensive. 

Major markets for crumb rubber: 

• Athletic surfaces and fields 
• Agrimats and equestrian footing 
• Automotive parts and tires 
• Construction/indoor 
• Landscape, trails and walkways 
• Molded and extruded products 
• Playground and other safety surfaces 
• Rubber modified asphalt and sealants 
• Rubber and plastic blends 

 
Crumb Rubber Particle Size Measurement 
Different crumb rubber market segments have different crumb rubber size requirements. Within a specific 
crumb rubber market, each application has its own requirements in terms of particle size and purity. 



 
 

Although ASTM International, formerly known as the American Society for Testing and Materials (ASTM), 
has standards for specifying different size ranges of crumb rubber, such as 30 mesh or 80 mesh, it is 
often necessary for crumb rubber manufacturers to have a more detailed knowledge of the range of 
particle sizes, not just the maximum size. To accomplish this, some method of particle size determination 
is necessary. 

Sieve analysis is the most common technique for determining particle size measurement. It consists of 
shaking and tapping a measured quantity of crumb rubber sample through a specified number of test 
sieves over a specified time. The amount of sample retained on each screen is weighed and results are 
given as the percentage of sample retained on each screen. The recommended procedure for sieve 
analysis using the Rotap method is provided in ASTM 5644. 
 
Inch, Millimeter, Mesh 
In addition to sieve analysis, crumb rubber manufacturers need to understand the relationship between 
the inch, millimeter and mesh units of measure. There are some readily available tools commonly used in 
the crumb rubber processing industry to help crumb manufacturers. One such tool is the "inch to mm to 
mesh" chart. A sample listing from the chart shows sieve designations for test sieve openings expressed 
in inches, millimeters and mesh. In the example shown particles that are smaller than .111 inch or 2.80 
mm in diameter, will fall through a 7 mesh screen. Processors also use ASTM specification E-11 
"Standard Specification for Wire Cloth and Sieves for Testing Purposes" to conduct sieve analysis of 
crumb rubber. Another very useful chart is the dime chart. This compares a magnified dime to different 
particle sizes. 

Quality is Key 
There is no U.S. standard for processing crumb rubber. Nearly every crumb rubber manufacturer has 
their own unique processing system that they have tweaked and modified to meet customers' 
specifications or end-product requirements. As a result, crumb rubber quality varies from operation to 
operation. 

Despite this variability several key requirements for crumb rubber have emerged and are becoming the 
industry-recognized product characteristics that determine quality. In general, high quality crumb means 
low fiber content (less than 0.5 percent of total weight), low metal content (less than 0.1 percent) and high 
consistency. The accepted level of maximum moisture content is about 1 percent by weight. Excess 
moisture content limits crumb rubber use in many applications, especially molded and extruded products. 
Excess heat during processing can also degrade the rubber. 

In addition, processors have adopted a “clean” standard for crumb rubber. At minimum producing higher 
quality, cleaner crumb rubber involves pre-qualifying feedstock and introducing and re-introducing crumb 
rubber to multiple types of equipment including magnets, density separators, and reciprocating screens to 
remove contaminants and sort the crumb rubber to the required sizes for different markets.  
 
Crumb Rubber Standards 



 
 

ASTM International, formerly the American Society for Testing and Materials (ASTM) produces the largest 
voluntary standards development systems in the world. This not-for-profit organization publishes 
thousands of standards per year used around the world to improve product quality, enhance safety, 
facilitate market access and trade, and build consumer confidence. Working in an open and transparent 
process, ASTM producer, user and consumer members participate in developing industry standards, test 
methods, specifications, guides and practices that support industries and governments worldwide. 

There are several ASTM standards that apply to crumb rubber: 
 
ASTM D5603 Standard Classification for Rubber Compounding Materials-Recycled Vulcanizate 
Particulate, classifies vulcanized particulate rubber according to maximum particle size, size distribution 
and parent materials including whole tires, tire peels, buffings generated from the tire tread and shoulder, 
buffings generated from tire tread, shoulder and sidewall and non-tire rubber. 
 
ASTM D5644 Test Methods for Rubber Compounding Materials-Determination of Particle Size 
Distribution of Recycled Vulcanizate Particulate Rubber, discusses methods of determining particle 
size and particle size distribution for crumb rubber. The standard refers to the use of a mechanical sieve 
shaker for determining particle size and particle size distribution for crumb rubber and gives experimental 
details of running the test. Particle size and particle size distribution of recycled rubber depends on the 
end use of the material and may affect its handling, processing, and properties.  Therefore, methods for 
analyzing particle size and particle size distribution are important tools for the rubber recycling industry. 
 
CRUMB RUBBER GLOSSARY OF TERMS 
 
Classifier Screen 
The screens or sieves that are mounted in a production piece of equipment to separate the desired size 
of crumb from the other sizes, and recycle the other for the purpose of further size reduction. 

Cracker Mill 
A machine that tears apart scrap tire rubber by passing the material between rotating serrated steel 
drums, reducing the rubber to various sizes. 

Cryogenics 
A technology for processing materials at very low temperatures, (typically - 80 to –120 ° C). In processing 
rubber, liquid nitrogen or commercial refrigeration methods are commonly used to embrittle rubber. The 
embrittled rubber is then processed in a hammer mill or granulator to a desired product size. 

Granulator 
A machine that shears apart scrap tire rubber, cutting the rubber with revolving steel plates that pass at 
close tolerance, reducing the rubber to smaller sizes. 

Hammer Mill 



 
 

A machine that impacts materials against heavy metal hammers loosely pinned to a shaft, which rotates 
at a high velocity to reduce scrap tire rubber particle size. 

Inch 
1/36th of a yard, 25.4 millimeters 

Mesh 
The opening between the wires of a screen - term commonly used to describe or measure the size of 
crumb rubber. Crumb rubber is sized by the screen or mesh through which it passes in the production 
process. The finer the screen/mesh the more openings it will have per linear inch, i.e. 30 mesh means 
there are 30 holes or openings per linear inch. The greater number of openings, the smaller the material 
must be to pass through the screen. A minus "-" symbol refers to material that has passed through the 
screen, i.e. -30. Technically crumb rubber sizes are expressed in two numbers. The second number is 
preceded by a plus (+) symbol and indicates the size particle that has been retained on the screen. 

Micro Mill 
A machine that further reduces crumb rubber to a very fine particle, at ambient temperatures, using 
rotating abrasive discs or other abrasives. 

Millimeter 
1/1000th of a meter, .0394 inch 

Screen 
A large sieve of suitably mounted wire cloth, grate bars, or perforated sheet iron used to separate 
materials by size. 

Sieving 
A process for classifying rubber particles. Gradations are usually expressed in terms of total percent 
passing or retained. The percent passing indicates the total percent of rubber that will pass each given 
sieve size. The total percent retained is the opposite of percent passing or the total percent passing each 
given sieve. 

Crumb Mesh Size Range in Each Market Category 
 

Market Mesh Sizes 
Molded and Extruded Products 4 - 100 mesh 
Asphalt Modification 16 - 40 mesh 
Sport Surfacing 1/4" - 40 mesh 
Automotive Products 10 - 40 mesh 
Tires 80 - 100 mesh 
Rubber and Plastic Blends 10 - 40 mesh 
Construction 10 - 40 mesh 
  



 
 

Appendix C 
Construction Plans for Washburn High School Synthetic Turf Field 
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VICINITY MAP DRAWING INDEXGENERAL NOTES

1 TITLE SHEET

2 SITE REMOVALS PLAN

3 SITE LAYOUT PLAN

4 GRADING AND DRAINAGE PLAN

5 STORM WATER POLLUTION PREVENTION PLAN (SWPPP)

6 FIELD STRIPING AND LAYOUT DETAILS

7 SITE DETAILS

ATHLETIC FIELD IMPROVEMENTS

WASHBURN HIGH SCHOOL

MPS Project No. 2666

WASHBURN HIGH SCHOOL

 201 West 49th Street

Minneapolis, Minnesota 55419

WASHBURN HIGH

SCHOOL

1.  ALL CONSTRUCTION MUST COMPLY WITH APPLICABLE STATE AND LOCAL ORDINANCES.

2.  THE CONTRACTOR WILL BE RESPONSIBLE FOR AND SHALL PAY FOR ALL CONSTRUCTION STAKING / LAYOUT.

3. THE CONTRACTOR SHALL OBTAIN AND PAY FOR ALL RELATED CONSTRUCTION PERMITS, INCLUDING THE NPDES PERMIT FROM THE MPCA. SUBMIT A

COPY OF ALL PERMITS TO THE CITY.

4.  CONTRACTOR SHALL BE RESPONSIBLE FOR ALL TRAFFIC CONTROL SIGNAGE (CONSTRUCTION ZONES) NECESSARY TO CONSTRUCT PROPOSED

IMPROVEMENTS.  ALL SIGNAGE LAYOUTS MUST BE DESIGNED BY THE CONTRACTOR AND APPROVED BY LOCAL AUTHORITIES.

5.  INSTALL CONTROL FENCING AND BARRICADING AS NECESSARY TO PROTECT THE PUBLIC.

6.  INSPECT SITE AND REVIEW SOIL BORINGS TO DETERMINE EXTENT OF WORK AND NATURE OF MATERIALS TO BE HANDLED.

7.  REFER TO SPECIFICATIONS FOR DEWATERING REQUIREMENTS.

8.  CHECK ALL PLAN AND DETAIL DIMENSIONS AND VERIFY SAME BEFORE FIELD LAYOUT.

9.  REFER TO THE STORM WATER POLLUTION PREVENTION PLAN (SWPPP) NARRATIVE, PART OF SECTION 31 25 00, FOR EROSION CONTROL REQUIREMENTS.

SECTION 31 00 00 SHALL BE RESPONSIBLE FOR FULL IMPLEMENTATION OF THE SWPPP.

10.  MAINTAIN ADJACENT PROPERTY AND PUBLIC STREETS CLEAN FROM CONSTRUCTION CAUSED DIRT AND DEBRIS ON A DAILY BASIS.  PROTECT

DRAINAGE SYSTEMS FROM SEDIMENTATION AS A RESULT OF CONSTRUCTION RELATED DIRT AND DEBRIS.

11.  MAINTAIN DUST CONTROL DURING GRADING OPERATIONS.

12.  ALL EROSION CONTROL METHODS SHALL COMPLY WITH MPCA AND LOCAL REGULATIONS.

13.  CONTRACTOR SHALL MINIMIZE DISTURBANCE TO SITE AND PROTECT EXISTING SITE FEATURES (INCLUDING TURF AND VEGETATION) WHICH ARE TO

REMAIN.

14.  PROPOSED CONTOURS AND SPOT ELEVATIONS ARE SHOWN TO FINISH GRADE UNLESS OTHERWISE NOTED.

15.  PROPOSED ELEVATIONS SHOWN TYPICALLY AS 02.1 OR 02 SHALL BE UNDERSTOOD TO MEAN 202.1 OR 202.

16.  SPOT ELEVATIONS SHOWN IN FIELD AND CURBS INDICATE SURFACE FINISHED GRADES, UNLESS NOTED OTHERWISE.

17.  THE CONTRACTOR SHALL BE SOLELY RESPONSIBLE FOR DETERMINING QUANTITIES OF FILL AND WASTE MATERIALS TO BE HANDLED, AND FOR

AMOUNT OF GRADING TO BE DONE IN ORDER TO COMPLETELY PERFORM ALL WORK INDICATED ON THE DRAWINGS.  COST OF IMPORTING FILL OR

EXPORTING EXCESS OR WASTE MATERIALS WILL BE INCIDENTAL TO THE CONTRACT.

18. NO FINISHED SLOPES SHALL EXCEED 3' HORIZONTAL TO 1' VERTICAL (3:1), UNLESS OTHERWISE NOTED.

19. ALL DISTURBED AREAS WHICH ARE NOT DESIGNATED TO BE PAVED OR RECEIVE SYNTHETIC TURF, SHALL RECEIVE AT LEAST 6" OF TOPSOIL AND

SHALL BE SEEDED.

20.  FAILURE OF TURF DEVELOPMENT: IN THE EVENT THE CONTRACTOR FAILS TO PROVIDE AN ACCEPTABLE TURF, THE CONTRACTOR SHALL RE-SEED ALL

APPLICABLE AREAS, AT NO ADDITIONAL COST TO THE OWNER, TO THE SATISFACTION OF THE ENGINEER.

21. FLEXIBLE JOINTS AT CATCH BASIN AND MANHOLE CONNECTIONS:

a. IN ACCORDANCE WITH MINNESOTA RULES 4715.0700 AND 4715.0750, PROVIDE FLEXIBLE JOINTS AT ALL PIPE CONNECTIONS TO ALL CATCH BASINS

AND MANHOLES.

b. ACCEPTABLE MANUFACTURERS / PRODUCTS:

i. FERNCO, “CONCRETE MANHOLE ADAPTORS” OR “LARGE-DIAMETER WATERSTOPS”

ii. PRESS-SEAL, WATERSTOP GROUTING RINGS”

iii. OR APPROVED EQUAL.

22. LOCATE ALL EXISTING UTILITIES, VERIFY LOCATION, SIZE AND INVERT ELEVATION OF ALL EXISTING UTILITIES.  VERIFY LOCATIONS, SIZES AND

ELEVATIONS OF SAME BEFORE BEGINNING CONSTRUCTION.

23. CONTRACTOR SHALL STAKE LIMITS OF THE FIELD, SLABS, FENCING, AND CURBING PRIOR TO INSTALLATION OF CATCH BASINS AND MANHOLES.  CATCH

BASIN AND MANHOLE LOCATIONS SHALL BE ADJUSTED TO AVOID PLACEMENT OF THESE STRUCTURES IN  WALKS AND CURB AND GUTTER.



PROTECT 8" PVC STORM PIPE

THROUGH EXISTING

TUNNEL- VERIFY LOCATION

AND INVERT (ELEVATION)

OF SLEEVE. PER RECORD

DRAWINGS, INVERT = 197.45 (+/-).

PROTECT/ CAP ENDS AS

NEEDED UNTIL NEW STORM

SEWER SYSTEM IS INSTALLED

AND COMPLETED. REFER

TO SHEET 4.

SAWCUT AND REMOVE PAVEMENT

TO ALLOW FOR NEW CURB.  REMOVE

PAVEMENT TO 3" FROM THE INSIDE

EDGE OF LANE #1.  PROTECT

SURFACE DURING CUTTING OPERATIONS.

SAWCUT AND REMOVE PAVEMENT

TO ALLOW FOR NEW CURB.  REMOVE

PAVEMENT TO 3"' FROM THE INSIDE

EDGE OF LANE #1.  PROTECT

SURFACE DURING CUTTING OPERATIONS.

PROTECT EXISTING RUNNING

TRACK PAVEMENT AND RESILIENT

SURFACE AT ALL TIMES - ABSOLUTELY

NO STAGING ALLOWED

(REFER TO ALTERNATES)

PROTECT EXISTING RUNNING

TRACK PAVEMENT AND RESILIENT

SURFACE AT ALL TIMES - ABSOLUTELY

NO STAGING ALLOWED

(REFER TO ALTERNATES)

REMOVE EXISTING

UNDERGROUND

UTILITIES

REMOVE EXISTING

UNDERGROUND

UTILITIES

REMOVE BITUMINOUS

PAVEMENT

REMOVE CONCRETE

CURB AND SAND PIT

REMOVE

GOAL POST

INCLUDING

FOOTING

REMOVE

GOAL POST

INCLUDING

FOOTING

PROTECT

EXISTING

UNDERGROUND

UTILITIES

ANTICIPATED LOCATION FOR CONSTRUCTION

ACCESS.  CONSTRUCT EARTH BRIDGE TO

PROTECT TRACK FOR THE DURATION OF THE

WORK.  REMOVE AND REPLACE FENCE AS

NEEDED.  PROTECT, RESTORE, AND REPAIR

ALL SITE FEATURES TO MATCH EXISTING CONDITONS.

REMOVE ALL EXISTING

IRRIGATION HEADS, VALVES,

AND PIPES IN FIELD

TRACK RADIUS

POINT 'B'

TRACK RADIUS

POINT 'A'

REMOVE BITUMINOUS

PAVEMENT AND RESILIENT

SURFACING INSIDE SAWCUT

EDGE

REMOVE BITUMINOUS

PAVEMENT AND RESILIENT

SURFACING INSIDE SAWCUT

EDGE

APPROXIMATE LOCATION OF

EXISTING IRRIGATION MAIN.

TEMPORARILY CAP AT INSIDE

TRACK EDGE. INSTALL SALVAGED

QUICK COUPLER IN CURB BOX-

REFER TO SHEET 4.

REMOVE EXISTING

HAND HOLES AND

EMPTY CONDUIT. REFER

TO SHEET 4 FOR NEW/

REPLACEMENT CONDUIT

LOCATIONS.

PROTECT (2) 4"

SLEEVES UNDER

TRACK

REMOVE CONCRETE

CURB AND SAND PIT

REMOVE CONCRETE

DISCUS PAD AND FENCING

INCLUDING FOOTINGS

PROTECT EXISTING

STORM SEWER PIPE.

REFER TO SHEET 3

PROTECT EXISTING

STORM SEWER PIPE.

REFER TO SHEET 3

PROTECT EXISTING

STORM SEWER PIPE.

REFER TO SHEET 3

RECONSTRUCT MANHOLE.

REFER TO SHEET 3

REMOVE AND REPLACE EXISTING

2" CONDUIT AND #6/3 W/ GROUND

WIRE (VERIFY).

REMOVE EXISTING IRRIGATION

PIPE. SALVAGE QUICK COUPLER

VALVE FOR RE-INSTALLATION-

REFER TO SHEET C4.
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NOTES:

LEGEND

CONCRETE  PAVEMENT REMOVALS

ASPHALT PAVEMENT REMOVAL

SAWCUT PAVEMENT

FENCE REMOVALS

UTILITY REMOVALS

1.  CONTRACTOR SHALL MINIMIZE DISTURBANCE TO SITE AND

PROTECT EXISTING VEGETATION AND SITE FEATURES (CURBS,

WALKS, PAVEMENTS, OVERHEAD AND UNDERGROUND UTILITIES,

SIGNAGE, FENCING, ROADWAYS, DRAINAGE PIPING, AND DITCHES,

ETC.) WHICH ARE TO REMAIN.

2.  REPAIR OR REPLACE EXISTING PROPERTY AND SITE

FEATURES, INCLUDING GRASS AND VEGETATION, WHICH IS TO

REMAIN THAT IS DAMAGED BY THE WORK TO OWNER'S

SATISFACTION AND AT NO ADDITIONAL COST TO THE 

OWNER.

3.  VISIT THE SITE PRIOR TO BIDDING; BE FAMILIAR WITH ACTUAL

CONDITIONS IN THE FIELD.  EXTRA COMPENSATION WILL NOT BE

ALLOWED FOR CONDITIONS WHICH COULD HAVE BEEN

DETERMINED OR ANTICIPATED BY EXAMINATION OF THE SITE, THE

CONTRACT DRAWINGS AND THE INFORMATION AVAILABLE 

PERTAINING TO EXISTING SOILS, UTILITIES AND OTHER SITE

CHARACTERISTICS.

4. BACKFILLING ASSOCIATED WITH UTILITY REMOVALS SHALL

BE COMPACTED TO REQUIRED SPECIFICATIONS FOR UNDER

SYNTHETIC TURF.  SEE SPEC SECTION 31 00 00.

4. EXISTING IRRIGATION HEADS MAY BE REMOVED BY OWNER.

COORDINATE IRRIGATION REMOVALS WITH OWNER.
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1. CHECK ALL PLAN AND DETAIL DIMENSIONS AND VERIFY SAME

BEFORE FIELD  LAYOUT.

2. ALL APPLICABLE DIMENSIONS ARE TO POINT OF

INTERSECTION, POINT OF TANGENCY, FACE OF CURB (WHERE

CURBING IS SCHEDULED), EDGE OF PAVEMENT OR CORNER OF

WALL, UNLESS OTHERWISE NOTED.

3. REFER TO SHEET 1, TITLE SHEET, REGARDING   GENERAL

NOTES.

4. ALL DISTURBED AREAS WITHIN THE LIMITS OF CONSTRUCTION

SHALL BE SODDED, UNLESS OTHERWISE NOTED.

NOTES

1

7

9

7

8

7

LEGEND

REFERENCE KEY TO DETAILS

      DETAIL I.D. NUMBER (TOP)

      SHEET NUMBER (BOTTOM)

SYNTHETIC TURF SYSTEM

EVENT PAVEMENT / RESILIENT SURFACING



203.48

203.48

203.48

M.E.

202.8

M.E.

202.8

M.E.

202.8

M.E.

202.8

M.E.

202.8

M.E.

202.8

M.E.

202.8

M.E.

202.8

M.E.

202.8

M.E.

202.8

203.3

203.0

203.0

0.5% SLOPE

0.5% SLOPE

0.5% SLOPE

0
.
5

%
 
S

L
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P
E

0
.
5

%
 
S

L
O

P
E

0.5% SLOPE

0.5% SLOPE

0.5% SLOPE

CONNECT NEW 8" COLLECTOR

DRAIN TO EXISTING 8" PVC

STORM SEWER PIPE (THROUGH

EXISTING TUNNEL)- VERIFY LOCATION

AND INVERT  OF PIPE. PER RECORD

DRAWINGS, INVERT = 197.45 (+/-).

TRENCH DRAIN

CATCH BASIN

TRENCH DRAIN

CATCH BASIN

TRENCH DRAIN

CATCH BASIN

TRENCH DRAIN

CATCH BASIN

RECONSTRUCT MANHOLE AND

SET RIM ELEVATION TO FINISH

ELEVATION OF NEW PAVEMENT (~202.8).

APPLY RESILIENT SURFACING

TO METAL COVER. PROVIDE

FINGER HOLES FOR COVER

ACCESS/ REMOVAL.

NEW INVERT ELEVATIONS FOR 8" PVC

COLLECTOR PIPE: 196.10

CONNECT/ EXTEND EXISTING

6" PVC STORM PIPE TO NEW

8" COLLECTOR DRAIN

CONNECT/ EXTEND EXISTING

6" PVC STORM PIPE TO NEW

8" COLLECTOR DRAIN

EXTEND FLAT TILE AND

TERMINATE AT BASE OF

COMM BOXES. COORDINATE

AS REQUIRED.

EXTEND FLAT TILE AND

TERMINATE AT BASE OF

COMM BOX. COORDINATE

AS REQUIRED.

EXTEND FLAT TILE AND

TERMINATE AT BASE OF

COMM BOX. COORDINATE

AS REQUIRED.

EXTEND FLAT TILE AND

TERMINATE AT BASE OF

COMM BOX. COORDINATE

AS REQUIRED.

CONNECT POLE VAULT

BOX DRAIN PIPE TO

STORM SEWER-REFER

TO DETAIL

CONNECT JUMP PIT

DRAIN TILE TO STORM

SEWER-REFER

TO DETAIL

INV=197.35

INV=196.26

COLLECTOR DRAIN

297'-8" PERF PVC @ 0.71%

INV=198.20

INV=199.60

(CAP ENDS)

INV=198.82

INV=198.20

INV=198.10

INV=198.02

INV=199.00

(CAP END)

INV=198.70

(CAP END)

INV=196.22

COLLECTOR DRAIN

249'-8" PERF PVC @ 0.54%

COLLECTOR DRAIN

173'-8" PERF PVC @ 0.71%

COLLECTOR DRAIN

369'-8" PERF PVC @ 0.41%

COLLECTOR DRAIN

440'-8" PERF PVC @ 0.80%

COLLECTOR DRAIN

203'-8" PERF PVC @ 0.50%

COLLECTOR DRAIN

206'-8" PERF PVC @ 0.48%

ADJUST TO AVOID

CONFLICT WITH

GOAL POST FOOTING

ADJUST TO AVOID

CONFLICT WITH

GOAL POST FOOTING

INSTALL SALVAGED IRRIGATION

QUICK COUPLER ON EXISTING

MAIN LINE IN COMM BOX

TWO- 2" CONDUIT (EMPTY) AT

30" DEPTH. PROVIDE INSULATED

GROUND BUSHING ON STEEL

ELBOWS AND RISERS (IN ALL 4 BOXES)

REMOVE AND REPLACE EXISTING

2" CONDUIT AND #6/3 W/ GROUND

WIRE (VERIFY).
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LEGEND

REFERENCE KEY TO SITE DETAILS

     DETAIL I.D NUMBER (TOP)

     DETAIL NUMBER (BOTTOM)

EXISTING CONTOUR

EXISTING SPOT ELEVATION

PROPOSED CONTOUR

PROPOSED SPOT ELEVATION

    M.E. = MATCH EXISTING ELEVATION

SOIL BORING

PROPOSED MANHOLE

PROPOSED CATCH BASIN

PROPOSED STORM SEWER

PROPOSED DRAINTILE

PROPOSED FUTURE ELECTRICAL CONDUIT

(EMPTY) WITH STEEL ELBOWS AND RISERS

1

7

31.5

1.  ALL CONSTRUCTION MUST COMPLY WITH APPLICABLE STATE AND LOCAL ORDINANCES.

2.  THE CONTRACTOR WILL BE RESPONSIBLE FOR AND SHALL PAY FOR ALL CONSTRUCTION STAKING /

LAYOUT.

3. THE CONTRACTOR SHALL OBTAIN AND PAY FOR ALL RELATED CONSTRUCTION PERMITS, INCLUDING

THE NPDES PERMIT FROM THE MPCA. SUBMIT A COPY OF ALL PERMITS TO THE CITY.

4.  CONTRACTOR SHALL BE RESPONSIBLE FOR ALL TRAFFIC CONTROL SIGNAGE, LIGHTING, AND

ADDRESS DESIGNATION (CONSTRUCTION ZONES) NECESSARY TO CONSTRUCT PROPOSED

IMPROVEMENTS.  ALL SIGNAGE LAYOUTS MUST BE DESIGNED BY THE CONTRACTOR AND APPROVED

BY LOCAL AUTHORITIES.

5.  INSTALL CONTROL FENCING AND BARRICADING AS NECESSARY TO PROTECT THE PUBLIC.

6.  INSPECT SITE AND REVIEW SOIL BORINGS TO DETERMINE EXTENT OF WORK AND NATURE OF

MATERIALS TO BE HANDLED.

7.  REFER TO SPECIFICATIONS FOR DEWATERING REQUIREMENTS.

8.  CHECK ALL PLAN AND DETAIL DIMENSIONS AND VERIFY SAME BEFORE FIELD LAYOUT.

9.  REFER TO THE STORM WATER POLLUTION PREVENTION PLAN (SWPPP) NARRATIVE, PART OF

SECTION 31 25 00, FOR EROSION CONTROL REQUIREMENTS.  SECTION 31 00 00 SHALL BE

RESPONSIBLE FOR FULL IMPLEMENTATION OF THE SWPPP.

10.  MAINTAIN ADJACENT PROPERTY AND PUBLIC STREETS CLEAN FROM CONSTRUCTION CAUSED DIRT

AND DEBRIS ON A DAILY BASIS OR AS REQUESTED BY ROAD AUTHORITIES.  PROTECT DRAINAGE

SYSTEMS FROM SEDIMENTATION, THROUGH METHODS APPROVED IN THE SWPPP, AS A RESULT OF

CONSTRUCTION RELATED DIRT AND DEBRIS.

11.  MAINTAIN DUST CONTROL DURING GRADING OPERATIONS.

12.  ALL EROSION CONTROL METHODS SHALL COMPLY WITH MPCA AND LOCAL REGULATIONS.  THE

CONTRACTOR SHALL REFER TO SPECIFICATION SECTION 31 25 00, EROSION CONTROL, REGARDING

MAINTENANCE AND INSPECTION OF ALL EROSION CONTROL METHODS.  SECTION 31 00 00 SHALL BE

RESPONSIBLE FOR FULL IMPLEMENTATION OF THE SWPPP.

13. CONTRACTOR SHALL FURNISH, INSTALL, MAINTAIN AND REMOVE CONTROL DEVICES OF STORM

SEWER INLETS.

14.  CONTRACTOR SHALL MINIMIZE DISTURBANCE TO SITE AND PROTECT EXISTING SITE FEATURES

(INCLUDING TURF AND VEGETATION) WHICH ARE TO REMAIN.

15.  PROPOSED CONTOURS AND SPOT ELEVATIONS ARE SHOWN TO FINISH GRADE UNLESS OTHERWISE

NOTED.

16.  PROPOSED ELEVATIONS SHOWN TYPICALLY AS 31.1 OR 31 SHALL BE UNDERSTOOD TO MEAN 831.1

OR 831.

17.  SPOT ELEVATIONS SHOWN INDICATE CURB GRADES, UNLESS NOTED OTHERWISE.

18.  THE CONTRACTOR SHALL BE SOLELY RESPONSIBLE FOR DETERMINING QUANTITIES OF FILL AND

WASTE MATERIALS TO BE HANDLED, AND FOR AMOUNT OF GRADING TO BE DONE IN ORDER TO

COMPLETELY PERFORM ALL WORK INDICATED ON THE DRAWINGS.  COST OF IMPORTING FILL OR

EXPORTING EXCESS OR WASTE MATERIALS WILL BE INCIDENTAL TO THE CONTRACT.

19. NO FINISHED SLOPES SHALL EXCEED 4' HORIZONTAL TO 1' VERTICAL (4:1), UNLESS OTHERWISE

NOTED.

20. ALL DISTURBED AREAS OUTSIDE THE TURF FIELD AND WHICH ARE NOT DESIGNATED TO BE PAVED

OR RECEIVE SYNTHETIC TURF, SHALL RECEIVE AT LEAST 6" OF TOPSOIL AND SHALL BE SODDED.

REFER TO SECTION 32 92 23 FOR SODDING SPECIFICATIONS.

21.  FAILURE OF TURF DEVELOPMENT: IN THE EVENT THE CONTRACTOR FAILS TO PROVIDE AN

ACCEPTABLE TURF, THE CONTRACTOR SHALL RE-SOD ALL APPLICABLE AREAS, AT NO ADDITIONAL

COST TO THE OWNER, TO THE SATISFACTION OF THE ENGINEER.

22.  LOCATE ALL EXISTING UTILITIES, VERIFY LOCATION, SIZE AND INVERT ELEVATION OF ALL EXISTING

UTILITIES.  VERIFY LOCATIONS, SIZES AND ELEVATIONS OF SAME BEFORE BEGINNING

CONSTRUCTION.

23. CONTRACTOR SHALL NOTIFY ENGINEER OF ANY PROPOSED CHANGES TO EROSION CONTROL

MEASURES, SCHEDULE, TREATMENT OF EXPOSED SOILS OR STOCKPILE NEEDS (REFER TO SWPPP).

THE CONTRACTOR SHALL SUBMIT THE PROPOSED ADJUSTMENT FOR REVIEW BY THE ENGINEER A

MINIMUM OF FOUR (4) WEEKDAYS PRIOR TO MAKING ADJUSTMENTS. ALL ADJUSTMENTS MUST BE

APPROVED BY THE ENGINEER. NO ADDITIONAL COMPENSATION WILL BE ALLOWED FOR WORK

ASSOCIATED WITH ADJUSTMENTS/ CHANGES.

GRADING NOTES:

1.  BOTTOM OF INFIITRATION TRENCH SHALL HAVE A CONSTANT

ELEVATION, AS NOTED.  ENSURE THAT ENTIRE BOTTOM SURFACE

AREA OF INFILTRATION TRENCH IS DIRECTLY ON TOP OF ON-SITE

POORLY GRADED SANDS, AS NOTED IN THE SOIL BORING REPORT.

ADJUST BOTTOM ELEVATION DOWN IF NECESSARY TO ENSURE

CONTACT WITH ON-SITE SANDS.

2. ROCK MATERIAL USED IN INFILTRATION TRENCH SHALL BE SAME AS

TRENCH BACKFILL FOR THE PERIMETER DRAIN TILE.

3. FLEXIBLE JOINTS AT CATCH BASIN AND MANHOLE CONNECTIONS:

a. IN ACCORDANCE WITH MINNESOTA RULES 4715.0700 AND

4715.0750, PROVIDE FLEXIBLE JOINTS AT ALL PIPE

CONNECTIONS TO ALL CATCH BASINS AND MANHOLES.

b. ACCEPTABLE MANUFACTURERS / PRODUCTS:

i. FERNCO, “CONCRETE MANHOLE ADAPTORS” OR

“LARGE-DIAMETER WATERSTOPS”

ii. PRESS-SEAL, WATERSTOP GROUTING RINGS”

iii. OR APPROVED EQUAL.

UTILITY NOTES:

4

7

8

7

6

7

5

7
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ANTICIPATED LOCATION FOR CONSTRUCTION

ACCESS.  CONSTRUCT EARTH BRIDGE WITH

PLYWOOD BASE TO PROTECT TRACK FOR THE

DURATION OF THE WORK.  REMOVE AND REPLACE

FENCING AS NEEDED.  PROTECT, RESTORE, AND

REPAIR ALL SITE FEATURES TO MEET

EXISTING CONDITIONS
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EROSION CONTROL KEY NOTE LEGEND

SILT FENCE (APPROX. 150 LINEAR FEET)

ROCK CONSTRUCTION ENTRANCE (1 EACH)

SEDIMENT CONTROL DEVICE AT STORM SEWER INLET

-REFER TO GENERAL NOTES AND SPECIFICATIONS FOR ACCEPTABLE

PRODUCTS (9 EACH)

A

B

C

DATE

MID- MAY, 2012

LATE- MAY, 2012

MID- JUNE, 2012

LATE- JUNE, 2012

MID- JULY, 2012

ANTICIPATED PROJECT SCHEDULE

1. SITE ROUGH GRADING/ BUILDING

PAD PREPARATION/ EXPORT (BEGIN)

2. TEMPORARY (INFILTRATION) AREA/

FIELD EXCAVATION

3. SITE ROUGH GRADING (COMPLETE)

4. INFILTRATION AREA/ FIELD

PREPARATION (COMPLETE)

6. GRASS RESTORATION/ SODDING/

(COMPLETE)

ITEM

REMOVAL

INSTALLATION

SILT FENCE SHALL BE REMOVED

FOLLOWING ESTABLISHMENT/

RESTORATION OF SURROUNDING

VEGETATION.

FOLLOWING TRIBUTARY DRAINAGE AREA

RESTORATION.

UPON ROADWAY PAVING OPERATIONS.

INSTALLED PRIOR TO ANY GRADING/

CONSTRUCTION, UNLESS OTHERWISE

NOTED.

IMMEDIATELY FOLLOWING CATCH BASIN

INSTALLATION.

INSTALLED PRIOR TO ANY GRADING/

CONSTRUCTION.

1.SILT FENCE

2. SEDIMENT CATCHES AT CATCH

BASINS

3. ROCK CONSTRUCTION

ENTRANCE

EROSION AND SEDIMENT CONTROL - OPERATION SCHEDULE

GENERAL WORK (SWPPP) SEQUENCE:

A. Erosion Control Devices, noted herein, include:

1. Silt fence

2. Sediment filter at storm sewer inlets

3. Rock construction entrance

4. Final sodding

4.1. Other features identified by the Minnesota Pollution Control Agency, local Watershed District, City, or Engineer as a Best Management

Practice (BMP) device.

B. Contractor and Owner shall apply for NPDES Phase II Permit within 24 hours of award of Contract.

1. Once obtained, the Contractor shall post the permit in the job site trailer or other suitable temporary storage area.

C. The Engineer will conduct a pre-construction meeting specifically to review the requirements of the SWPPP and the NPDES permit.  At

this meeting, the Contractor shall identify how they will construct the site to comply with the SWPPP and NPDES permit.  Modifications to the

SWPPP will be made as necessary.

D. Install silt fence as shown on the Contract Drawings.

1. Silt fence shall be as specified in Section 31 25 00.

E. Contractor shall confirm locations for construction access to the site and provide a rock construction entrance at each location.

F. Have silt fence and other erosion control devices inspected by local authorities, as required by the local authority.

G. Upon approval of perimeter silt fence, rock construction entrances, and other erosion control devices, commence with the following

construction sequence:

1. Construct earth bridge over track, as specified on the Drawings.

2. Remove all items scheduled for removal or, in the way of construction operations.

3. Excavate soils within track to depth detailed on the Drawings.

4. Install other erosion control devices as described on the Drawings (sediment control devices at storm sewer inlets, rip rap, etc.)

5. Install perimeter drain tile system, trench drain and all storm sewer structures.

6. Install concrete curbs and maintenance strips.

7. Install field goal post footings.

8. Install sand sub-base and porous rock base material.

9. Pave designated areas shown on Drawing.

10. Install synthetic turf and place infill.

11. Install resilient surfacing on specified pavement areas.

12. Construct remaining site features and other miscellaneous items.

13. Remove earth bridge and construction entrance.

14. Fine grade remaining unpaved disturbance areas and sod as described on the Drawings.

15. Provide final stabilization of site including turf establishment and clean-up.

H. Provide maintenance to erosion control devices and BMP’s to comply with the requirements of the permit.

I. Inspect erosion control devices and provide routine maintenance as follows:

1. Inspect erosion control a minimum of once per week and after each rain event measuring 0.5" or more.  Record inspection on log posted

in Contractor’s construction trailer or other suitable temporary storage area.

Records of each inspection and maintenance activity shall include:

a. Date and time of inspections.

b. Name of person conducting inspection.

c. Findings of inspections, including recommendations for corrective actions.

d. Corrective actions taken (including dates, times, and party completing maintenance activities.

e. Date and amount of all rainfall events greater than one quarter inch (0.25 inch) in 24 hours.

f. Documentation of changes made to the SWPPP as required by the NPDES General Stormwater Permit for Construction Activity (MN

R100001)

(1) Inspections are not required where the ground is frozen.

2. Provide maintenance for all devices as follows:

a. Silt fences and erosion control devices at storm sewer inlets shall be inspected for depth of sediment, tears, to see if fabric is securely

attached to support posts or structure, and to see that posts and devices are securely in place.

b. Silt fences, erosion control devices at storm sewer inlets, and other erosion control devices shall be cleaned when sediment reaches 1/3

the height of the erosion control device, within 24 hours.

c. Rock construction entrances shall be inspected for clogging of river rock.  River rock that has become clogged with sediment shall be

removed and replaced with fresh river rock.

d. Repairs or replacements to all erosion control devices shall occur within 24 hours of discovery.

e. Temporary diversion berms shall be inspected and any breaches promptly repaired.

f. Tracked sediment from construction vehicles on to public streets and paved areas (including paved areas on the construction site) shall

be removed within 24 hours of discovery.

g. Removal of sediment and restabilization of surface waters shall be accomplished within 7 days of discovery.

J. Provide dewatering of excavations as identified in Section 31 00 00.  Discharged water shall be routed through temporary or permanent

sediment basins prior to discharge from the site.

K. Stabilize denuded areas and stockpiles within the following number of days of last construction activity (temporary or permanent) in

that area:

1. Within 14 days.

L. Provide maintenance of all final sodded areas until fully established.

M. Provide cleaning of storm sewer system at the completion of the project.  Cleaning shall include removal of accumulated sediment from

all surface waters as defined by the permit (for example, curb and gutter, pavements, swales, and storm sewer piping and structures).

N. Remove silt fence and erosion control devices at storm sewer inlets following full establishment of site vegetation.  Dispose of materials

properly off-site.

O. Apply for Notice of Termination (NOT) with MPCA.  NOT must be submitted within 30 days after:

1. Site has undergone Final Stabilization (at least 70% vegetative cover), and

2. Removal of all temporary erosion control measures (silt fence, etc.), and

3. Final cleanout and maintenance of all permanent storm water facilities, and

4. Completion of all maintenance activities and site cleanup.
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1. CHECK ALL PLAN AND DETAIL DIMENSIONS AND VERIFY

SAME BEFORE FIELD  LAYOUT.

2. TOLERANCE OF ALL LINES SHALL BE 1/4 (±).

3. THE MID-FIELD LOGO SHALL BE AS SHOWN AND OF INLAID

TAN, BURNT ORANGE, GOLD, ROYAL BLUE, BROWN, WHITE

AND BLACK (PANTONE COLORS) AS SPECIFIED.

4.  STRIPING DIAGRAM(S) SHALL BE SUBMITTED PRIOR TO THE

WORK FOR REVIEW AND ACCEPTANCE BY THE ENGINEER AND

OWNER.

5.  DOMINANT COLORS SHALL BE AS FOLLOWS:

  A.  FOOTBALL FIELD LINES SHALL BE INLAID WHITE.

  B.  SOCCER FIELD LINES SHALL BE INLAID YELLOW.

  C.  MEN'S LACROSSE FIELD MARKINGS SHALL BE INLAID

BURNT ORANGE.

  D.  WOMEN'S LACROSSE FIELD MARKINGS SHALL BE INLAID

NAVY BLUE.

FIELD STRIPING NOTES

NEW TURF FIELD - TRYPICAL CROSS SECTION

CROWN OF STADIUM FIELD

EXISTING CROWN

NEW SAND SUBBASE

NEW SAND SUBBASE

TURF CARPET WITH IN-FILL

NEW COLLECTOR DRAIN TILE - REFER TO PLAN

FOR LOCATION AND INVERT ELEVATIONS.

FLAT TILE - DRAIN TO

DRAIN TILE

SLOPE

TO DRAIN

0.5% SLOPE TO DRAIN

8
"

0.5% SLOPE TO DRAIN

SLOPE

TO DRAIN

NEW COLLECTOR DRAIN TILE - REFER TO PLAN

FOR LOCATION AND INVERT ELEVATIONS.

2" DEPTH TRAP ROCK

(POROUS AGGREGATE)

6" DEPTH 

3

4

" GRANITE

(POROUS AGGREGATE)

EXISTING

TRACK

PAVEMENT

EXISTING

TRACK

PAVEMENT

24" DEPTH

SAND SUBBASE

0.5% SLOPE

0.5% SLOPE

NEW CURB

NEW CURB

ELEV. 202.8

ELEV. 203.48

ELEV. 202.8
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ROCK CONSTRUCTION

ENTRANCE

NOTE:  PROVIDE WHERE CONSTRUCTION TRAFFIC

ENTERS OR EXITS THE CONSTRUCTION SITE

6" MINIMUM THICKNESS

5

0

'

 

M

I

N

I

M

U

M

2" TO 3" WASHED ROCK

SILT FENCE

HEAVY DUTY

NORMAL USE

POSTS:

(IF USED WITH

SUPPORT FENCE)

POSTS:

(IF USED WITHOUT

SUPPORT FENCE)

  WOOD

4" DIA. (MIN)

@ 8' (MAX)

SPACING

2" SQ. (MIN)

@ 4' (MAX)

SPACING

  METAL

1.3 lbs/lf (MIN.)

@ 8' (MAX)

SPACING

1.0 lbs/lf (MIN.) "T" OR

"U" SECTION @ 4'

(MAX) SPACING

D
IR

E
C

T
IO

N
 O

F

R
U

N
O

F
F

 F
L

O

W

NOTE:  DEPENDING UPON CONFIGURATION, ATTACH TO WIRE MESH WITH

HOG RINGS, STEEL POSTS WITH TIE WIRES, OR WOOD POSTS WITH STAPLES

5' MIN. LENGTH POST

ENGINEERING FABRIC

OVERLAP FABRIC 6" AND

FASTEN @ 2' INTERVALS

EXTEND WIRE MESH INTO TRENCH

FABRIC ANCHORAGE

TRENCH BACKFILL WITH

TAMPED NATURAL SOIL

6" MIN.

6" MIN.

NATURAL SOIL

24" MIN. BURY DEPTH

30" MIN.

METAL STAKE OR

WOOD POST

OPTIONAL SUPPORT

FENCE (WIRE MESH)

STORM SEWER INLET

PROTECTION

HIGH-FLOW FABRIC MIRAFI FF101

CG 3067

CURB

10" FILTER ASSEMBLY

OVERFLOW 2 - TOP OF CURB BOX

OVERFLOW 1 - CENTER OF FILTER ASSEMBLY

DEFLECTOR PLATE

PIPE BEDDING -

PERFORATED PVC

NOTES:

TRENCH SIDEWALLS TO MEET O.S.H.A REQUIREMENTS.

UPPER 3 FT. OF BACKFILL SHALL BE COMPACTED TO AT LEAST 100%

STANDARD PROCTOR DRY DENSITY. BELOW THIS ELEVATION, BACKFILL

SHALL BE COMPACTED TO AT LEAST 95% STANDARD PROCTOR DRY DENSITY.

FINAL SUBGRADE
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D
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(
4
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M
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.
)

O.D. + 6" (MIN)

PEA ROCK

PERFORATED

PVC PIPE

HAND TAMPED

PEA ROCK

SAND SUB-BASE

UNDER TRACK

(EXTENDED)

1
'
 
-
 
3

"

STORM SEWER MANHOLE

MIN. 2 AND MAX. 5 ADJUSTING RINGS.

GROUT BETWEEN RINGS, CASTING, AND

ALONG OUTSIDE.

METAL SEWER CASTING - REFER TO

PLAN FOR TYPE

PRECAST CONCRETE CONE SECTION

BASES SHALL BE 8" STANDARD PRECAST WITH 2" LEAN GROUT,

OR POURED 8" SLAB REINFORCED WITH 6" x 6" 10/10 MESH

COVER SHALL BE STAMPED

"STORM SEWER"

STEPS ON DOWNSTREAM SIDE

GROUT SHELF AND CHANNELS

1
6

"
 
O

.
C

.

VARIABLE

27"

4
'
-
0

"
V

A
R

I
A

B
L

E

5"

MIN.

RUBBER GASKET, TYP ALL JOINTS

6"

PREPARED

SUBGRADE

DRAINAGE FABRIC

(MIRAFI #180N)

1"x12" "FLAT" DRAIN TILE

12" BELOW FABRIC, 12"

DEPTH IN SAND SUBBASE

6"X14" CONCRETE

CURB - REFER

TO PLAN FOR

LOCATION AND

LIMITS

NAILER BOARD

FASTENED TO CURB

1" RADIUS (TYP) EXCEPT FOR

AREA ABUTTING PAVEMENT

WHERE IT SHALL BE 1/2" RAD.

NEW CONCRETE OR GRASS

6" GRANITE (POROUS

AGGREGATE)

2" TRAP ROCK

(POROUS AGGREGATE)

TURF CARPET WITH IN-FILL

24" SAND SUBBASE

(REFER TO SPEC.)

SYNTHETIC TURF
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"

FOOTBALL GOAL POST

@ SYNTHETIC TURF FIELD
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FBC-GA/ASG -

GALVANEALED

& ALUMINUM BOX

RED NYLON STREAMER

4" Ø X .125" WALL ALUMINUM

UPRIGHTS

5-9/16" Ø, .250" ALUMINUM

CROSS BAR

GALVANIZED STEEL OFFSET

CENTER POST

GALVANIZED STEEL

3/8" THICK WELDED RIB

R

5

'

-

0

"

8'-0" OFFSET

23'-4" INSIDE

24'-0" OUTSIDE

1
0

'
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"
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0
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0

"

FOOTING SECTION

SIDE VIEW FRONT VIEW

4000 PSI

CONCRETE

ANCHOR BOLTS

PROVIDED BY

MANUFACTURER

CRUSHED STONE

BASE

5-9/16" O.D. STEEL

UPRIGHT BY

MANUFACTURER

42" MIN.

2

'

-

0

"

1
0

"

ALUM BOX ISOMETRIC VIEW

REINFORCED CORNER BRACKETS

ALL STAINLESS HARDWARE

PREDRILLED

HOLES FOR

SECURING BOX

TO CONCRETE

FOUNDATION

ANGLES SURROUND

TO ALLOW TURF

ATTACHMENT

6
"

8'-2" TO END ZONE

LINE (PLAY FIELD SIDE)

RESILIENT SURFACE

0.5"

6.10"

0.50"

8.38"

4.30"

TRENCH DRAIN

TRENCH DRAIN ASPHALT

WEAR COURSE

ASPHALT

BINDER COURSE

4" MIN.

4" MIN.

4" MIN.

PLACE CONCRETE ON

PREPARED / APPROVED SUBGRADE

AGGREGATE

BASE COURSE

CONCRETE

ENCASEMENT

SAND

SUB-BASE

EXISTING TRACK

9

7

9

7

TRENCH DRAIN CONNECTION

TO FRENCH DRAIN

SECTION VIEW

PROFILE VIEW

8" PERFORATED PVC

(COLLECTOR DRAIN)

8" PERFORATED

PVC (COLLECTOR

DRAIN)

FIELD CURB

RESILIENT SURFACE

EXISTING TRACK

PAVEMENT SECTION

TRENCH DRAIN

TRENCH DRAIN

CATCH BASIN

6" PVC RISER PIPE

6" PVC RISER PIPE

TRENCH DRAIN

CATCH BASIN

6" 90° BEND

6" 45° BEND (ROTATED)

8" x 6" WYE (ROTATED)

6" 90° BEND

6" 45° BEND (ROTATED)

8" x 6" WYE (ROTATED)

HIGH JUMP

PAVEMENT

7

8

7

9

7

9

'D' AREA PAVEMENT (NORTH & SOUTH)

GRADING PLAN

ELEVATION APPLIES TO TOP

OF BINDER COURSE

1/2" RESILIENT SURFACE

(POLY BASE MAT)

1-1/2" BITUMINOUS

WEAR COURSE

TACK COAT

1-1/2" BITUMINOUS

BINDER COURSE

6" AGGREGATE

BASE COURSE

48" SAND SUB-BASE

LONG / TRIPLE JUMP PIT

WASHED

SAND

FILL

(15" DEPTH)

SAND SUBBASE

6" WIDE

CONCRETE CURB

PROVIDE WHITE PAINTED

STRIPES AT 8', 24', 28', 32', 36',

AND 40' FROM LANDING PIT

(SAND) - VERIFY W/ SCHOOL

A.D. PRIOR TO MARKING

6" DRAIN TILE - REFER

TO UTILITY PLAN FOR

LOCATION

7

9

DISCUS PAD
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5" 5"
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2" WIDE PAINTED LINES

8" CONCRETE SLAB WITH

#4 REBAR 12" O.C. BW TO

WITHIN 3" OF SLAB EDGES.

1/64" ROUGHNESS BROOM FINISH

METAL DISCUS RING

BLACK POLY BASE

MAT SURFACING

(OUTSIDE CIRCLE)

DISCUS CAGE
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SIX (6) 14' HIGH CANTILEVERED STRUCTURAL POSTS

SET IN 20" GROUND SLEEVES (8" DIA., 48" DEEP CONCRETE FOOTINGS)

NYLON

NETTING

POLE VAULT BOX

1
'
-
0

"

PAVEMENT SECTION

REFER TO DETAIL

SECTION AT VAULT BOX

VAULT BOX

3'-8" (VERIFY)

9
"

PROVIDE POLY SURFACE

TO VAULT BOX LID

7

9

TRACK RADIUS POINTS

"A" & "B"

6"

1
 

1 2

"

3
'
-
0

"
6

"

NOTE:  INSTALL PRIOR TO

INSTALLATION OF PRESCRIBED

TOPSOIL TO AVOID

CONTAMINATION OF PRESCRIBED

TOPSOIL

FINISH GRADE

3/4" GALVANIZED

STEEL PIPE
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SECTION 32 1813 
SYNTHETIC  TURF SURFACING 

PART 1 GENERAL 
1.01  SUMMARY 

A. This section covers the furnishing all labor, materials, tools and equipment necessary to install 
synthetic turf system as indicated on the plans and as specified herein. The installation of all 
new materials shall be performed in strict accordance with the manufacturer's installation 
instructions and in accordance with all approved shop drawing 

B. Perimeter edge details required for the system shall be as detailed and recommended by the 
Manufacturer, and as approved by the Owner. Supply and installation of these details will be 
under a separate contract and not that of the synthetic turf Installer. All work relating to the 
perimeter edge as well as all grading, base and subbase construction shall be completed by 
others prior to installation of the synthetic turf system. 

1.02   METHODS OF MEASUREMENT AND PAYMENT 
A. Lump Sum Bid 

1. All work as outlined in the plans and specifications shall be included in the Lump Sum 
contract price. 

1.03   REFERENCE STANDARDS 
A. FM Factory Mutual 

1. P-7825-  Approval Guide; Factory Mutual Research Corporation; current edition 
B. ASTM - American Society for Testing and Materials. 

1. D1577-  Standard Test Method for Linear Density of Textile Fiber 
2. D5848-  Standard Test Method for Mass Per Unit Area of Pile Yarn Floor Covering 
3. D1338-  Standard Test Method for Tuft Bind of Pile Yarn Floor Covering 
4. D1682 - Standard Method of Test for Breaking Load and Elongation of Textile Fabrics 
5. D5034 - Standard Test Method of Breaking Strength and Elongation of Textile Fabrics 

(Grab Test) 
6.  F1015 - Standard Test Method for Relative Abrasiveness of Synthetic Turf Playing 

Surfaces 
7. D4491 -Standard Test Methods for Water Permeability of Geotextiles by Permittivity 
8. D2859- Standard Test Method for Ignition Characteristics of Finished Textile Floor 

Covering Materials 
9. F355 - Standard Test Method for Shock-Absorbing Properties of Playing Surfaces. 
10.   F2117 - Standard Test Method for Vertical Rebound Characteristics of Sports Surface 

Systems: Acoustical Measurements (Soccer) 
11.   BS 7044 Section 2.2 Methods for Determination of Person/Surface Interaction Method 1: 

Determination of Traction (Rotational Resistance) 
12.   F1551-03 Suffix: DIN 18-035, Part 6: Water Permeability of Synthetic Turf Systems 
13.  ASTM F355-10, Procedure A: Testing Services Inc. Test number TSI 1202 

C. NCAA- National Collegiate Athletic Association 
1. Current NCAA Rules and Interpretations 

D. NAIA- National Association of Intercollegiate Athletics 
1. Current NAIA Rules and Regulations 

E.  MSHSL - Minnesota State High School League 
1. Current MSHSL Rules and Regulations 

F.  NFHS- National Federation of State High School Association 
1. Current NFHS Rules and Regulations 

1.04  SUBMITTALS 
A. Prior to the Engineer approval of a specified synthetic turf system, the Manufacturer shall 

specify in writing that their turf system does not violate any other manufacturer's patents, 
patents allowed or patents pending and by so stating agrees to hold the Owner and Engineer 
harmless and defend against any legal actions undertaken as a result of patent litigation. 
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B. Substitutions- Other products are acceptable if in compliance with all requirements of these 
specifications. Submit alternate products to Architect for approval prior to bidding in accordance 
Section 01 6000, Product Requirements. 
1. Provide a sample copy of insured, non-prorated warranty and insurance policy 

information. 
C. Comply with Section 01 3000, Administrative Requirements. Submit for approval prior to 

fabrication. 
D. Submit the following with the Bid/Proposal: 

1. Samples: 
a. Submit one sample, minimum 9 x 12 inches, illustrating details of finished product. 
b. Submit one sample of the turf only, minimum 9 x 12 inches. 
c. Submit one example of a sewn seam between two pieces of turf, illustrating details of 

how the finished product will be installed. 
2.  Submit manufacturer's certification that products and materials comply with requirements 

of the specifications. 
3.  Submit manufacturer's catalog cuts, material safety data sheets, brocures, specifications; 

preparation and installation instructions and recommendations; storage, handling 
requirements and recommendations. 

4. Submit test results indicating compliance with the Reference Standards. 
5.  Submit fiber manufacturer's name, type of fiber and composition of fiber. 
6.   List of existing installations: Submit list including respective Owner's representative and 

telephone number. 
7.  List providing specific contacts and telephone numbers of the ten most recent installations 

of their turf system. 
8.  Testing Certification: Submit certified copies of independent (third-party) laboratory reports 

on ASTM testing: 
a. Pile Height, Face Weight & Total Fabric Weight, ASTM D418 or ASTM D5848. 
b. Primary & Secondary Backing Weights, ASTM D5848. 
c. Tuft Bind, ASTM D1335. 
d. Grab Tear Strength, ASTM D1682 or D5034. 
e. Water Permeability, ASTM D4491 

9.  The Turf Contractor and the turf Manufacturer (if different from the company) shall provide 
a sample of an 8-Year Warranty and insurance policy certificate. Must meet specifications 
as outlined in Item 1.09. Any bidder who does not include this document with their bid will 
be disqualified without consideration. 

10.  The turf manufacturer must provide evidence of their recycling program as outlined in Part 
3, Recycling. 

E.  Prior to ordering of materials the Contractor shall submit the following: 
1.  Shop Drawings indicating: 

a.  Indicate field layout; field marking plan and details for the specified sports; i.e., High 
School & NCAA Football; roll/seaming layout; methods of attachment, field openings 
and perimeter conditions. 

b. Show installation methods and construction indicating field verified conditions, 
clearances, measurements, terminations, drainage. 

c. Provide joint submission with related trades when requested by Architect. 
2.  Product Data: 

a.  Indicate field layout; field marking plan and details for the specified sports; i.e., High 
School & NCAA Football; roll/seaming layout; methods of attachment, field openings 
and perimeter conditions. 

b. Submit manufacturer's catalog cuts, material safety data sheets (MSDS), brochures, 
specifications; preparation and installation instructions and recommendations; 
storage, handling requirements and recommendations. 

c. Submit fiber manufacturer's name, type of fiber and composition of fiber. 
d. Submit data in sufficient detail to indicate compliance with the contract documents. 
e. Submit manufacturer's instructions for installation. 
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f. Submit manufacturer's instructions for maintenance for the proper care and 
preventative maintenance of the synthetic turf system, including painting and 
markings. 

3. Prior to Final Acceptance, the Contractor shall submit to the Owner: 
a. Project Record Documents: Record actual locations of seams, drains and other 

pertinent information in accordance with Specifications & General Requirements. 
b.  Warranties: Submit warranty and ensure that forms have been completed in Owner's 

name and registered with approved manufacturer. 
c. Testing data to the Owner to substantiate that the finished field meets the required 

shock attenuation, as per ASTM F1936. 
d.  Three (3) copies of Maintenance Manuals, which will include all necessary 

instructions for the proper care and preventative maintenance of the synthetic turf 
system, including painting and markings. 

1.05  QUALITY ASSURANCE 
A. Comply with Section 01 4000, Quality Requirements 
B. Manufacturers Qualifications: Company specializing in manufacturing products specified in this 

section. The turf contractor and/or the turf manufacturer: 
1.  Shall be experienced in the manufacture and installation of specified type of synthetic infill 

turf system for a minimum of three years with the same manufacturer, product and 
company they are proposing for this field. This includes the same type of fiber material, 
backing, the backing coating, and the installation method. 

2. The manufacturer must have ISO 9001, ISO 14001 and OHSAS 18001 certifications 
demonstrating its manufacturing efficiency with regards to quality, environment and safety 
management systems. 

3. Shall have a minimum of 5 NCAA or NAIA game and/or practice field installed and in play 
for at least two seasons. 

4. Shall have 10 fields in play for at least two years with the same manufacturer and 
company they are proposing for this field. Fields shall be 65,000 ft2 or more of the 
specified material, including the infill material and fiber. 

5. Shall have 10 fields in play for the previous year, utilizing the same fiber and fiber 
manufacturer proposed for the Work of this Contract. 

6.  Shall have a representative on site to certify the installation and Warranty compliance 
7. Shall provide tuft bind third party certification confirming minimum requirement of 9 lbs tuft 

bind. 
C.  Installer: Company shall specialize in performing the work of this section. The Contractor shall 

provide competent workmen skilled in this specific type of synthetic turf installation. 
1.  The designated Supervisory Personnel on the project shall be certified, in writing by the 

turf manufacturer, as competent in the installation of specified monofilament material, 
including sewing seams and proper installation of the infill mixture. 

2. Installer shall be certified by the manufacturer and licensed. 
3. The installer supervisor shall have a minimum of 5 years experience as either a 

construction manager or a supervisor of synthetic turf installations 
D. Prior to the beginning of installation, the Installer of the synthetic turf shall inspect the sub-base 

for tolerance to grade. The installer will accept the sub-base in writing when the owner provides 
test results for compaction and planarity that are in compliance with the synthetic turf 
manufacturer's specifications. The Installer shall have the dimensions of the field and locations 
for markings measured by a registered surveyor to verify conformity to the specifications and 
applicable standards. A record of the finished field as-built measurements shall be made 

E.  Pre-Installation Conference: Conduct conference at project site at time to be determined by 
Architect. Review methods and procedures related to installation including, but not limited to, 
the following: 
1.  Inspect and discuss existing conditions and preparatory work performed under other 

contracts. 
2. In addition to the Contractor and the installer, arrange for the attendance of installers 

affected by the Work, The Owner's representative, and the Architect. 
F.  The Contractor shall verify special conditions required for the installation of the system. 
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G.  The Contractor shall notify the Architect of any discrepancies. 
1.06   DELIVERY, STORAGE AND HANDLING 

A.  Comply with Section 01 6000, Product Requirements. 
B.  Prevent contact with materials that may cause dysfunction. 
C.  Deliver and store components with labels intact and legible. 
D.  Store materials/components in a safe place, under cover, and elevated above grade. 
E.  Protect from damage during delivery, storage, handling and installation. Protect from damage 

by other trades. 
F.   Inspect all delivered materials and products to ensure they are undamaged  and in good 

condition. 
G.  Comply with manufacturer's  recommendations. 

1.07  SEQUENCING AND SCHEDULING 
A.  Coordinate the Work with the Owner and Architect. 
B.  Sequence the Work in order to prevent deterioration of installed system. 

1.08  WARRANTY AND GUARANTEE 
A.  See Section 01 7800 - Closeout Submittals,  for additional warranty requirements 
B.   The Contractor shall provide a warranty to the Owner that covers defects in materials and 

workmanship of the turf for a period of eight (8) years from the date of substantial completion. 
The turf manufacturer must verify that their representative  has inspected the installation and 
that the work conforms to the manufacturer's  requirements. The manufacturer's warranty shall 
include general wear and damage caused from UV degradation. The warranty shall specifically 
exclude vandalism, and acts of God beyond the control of the Owner or the manufacturer. The 
warranty shall be fully third party insured, pre paid for the entire 8 year term and be non- 
prorated. The Contractor shall provide a warranty to the Owner that covers defects in the 
installation workmanship,  and further warrant that the installation was done in accordance with 
both the manufacturer's  recommendations  and any written directives of the manufacturer's 
representative. Prior to final payment for the synthetic turf, the Contractor shall submit to owner 
notification in writing that the field is officially added to the annual policy coverage, 
guaranteeing  the warranty to the Owner. The insurance policy must be underwritten by an "AM 
Best" A carrier and must reflect the following values: 
1.  Maximum per claim coverage amount of $32,000,000. 
2.  Insured warranty coverage must be provided in the form of 1 single policy. 
3.  Minimum of thirty-two million dollar ($32,000,000)  annual aggregate 
4.  Must cover full100% replacement  value of total square footage installed, minimum of 

$7.00 per sq ft. (in case of complete product failure, which will include removal and 
disposal of the existing surface) 

5.  Pre Paid 8 year third party policy must be issued by a carrier with an A.M. Best rated "A" 
or better rating. 

6.  Policies that include self insurance or self retention clauses shall not be considered. 
7.  Policy cannot include any form of deductible amount. 
8.  Sample policy must be provided at time of bid to prove that policy is in force. A letter from 

an agent or a sample Certificate of Insurance will not be acceptable. 
C.  The artificial grass field turf must maintain an ASTM 355 G-max of between 110-200 for the life 

of the Warranty. The initial installation must have a Gmax of less than 135 G's upon completion, 
per ASTM F 1936. 

1.09   MAINTENANCE  SERVICE 
A.  Contractor shall train the Owner's facility maintenance staff in the use of the turf manufacturer's 

recommended  maintenance equipment. 
B.  Manufacturer must provide maintenance guidelines and a maintenance video to the facility 

maintenance staff. 
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PART 2 PRODUCTS 
2.01  ACCEPTABLE  MANUFACTURERS -SYNTHETIC  FIELD SECTION 

A. Approved Manufacturers are as follows: 
1. Field Turf International Inc., 175 N. Industrial Blvd, Calhoun, GA 30701, P: 800-724-2969 

a. Model: FieldTurf XM6-57 Ridged Monofilament 
2. Mondo America Inc., 2655 Francis Hughes, Laval (Quebec) Canada H7L 3S8, P: 450- 

967-8500, P(USA): 800-361-3747 
a. Model: Monofibre 3NX(modified to conform to Paragraph 2.02). 

3. Pro Grass LLC, 960 Penn Avenue, 8th Floor, Pittsburgh, PA 15222, P: 412-434-6003 
a. Model: GameTurf-SR (modified to conform to Paragraph 2.02). 

4. Approved Equal 
2.02   MATERIALS AND PRODUCTS -SYNTHETIC FIELD SECTION 

A. Artificial grass turf system materials shall consist of the following: 
1. Carpet made of monofilament polyethylene fibers tufted into a fibrous, porous backing. 
2. lnfill: Controlled mixture of graded sand and rubber crumb that partially covers the carpet. 
3. Glue, thread, paint, seaming fabric and other materials used to install and mark the 

artificial grass turf. 
4. The installed turf shall have the following properties: 

B. The installed turf shall have the following properties: 
 

STANDARD 
ASTM D1577 

 
ASTM D418/D5848 
ASTM D5793 
ASTM D418/D5848 
ASTM D5848 
ASTM D5848 
ASTM D1335 
ASTM D1682/D5034 
ASTM D1682/D5034 
ASTM D4491 
ASTM F355/F1936 

PROPERTY 
Fiber Denier-  Ridged 
Monofilament 
Pile Height 
Stitch Guage 
Pile Weight 
Primary Backing 
Secondary Backing 
Tuft Bind 
Grab Tear (width) 
Grab Tear (length) 
Carpet Permeability 
Impact Attenuation, Gmax 
lnfill Material Depth 

SPECIFICATION 
Min. 10,800 nominal 
 
Min. 2.25" nominal 
Min. 3/4" centers 
Min. 33 oz/ sq. yd 
Min. 7 oz/sq. yd 
Min. 16 oz/sq. yd. 
Min. 8 lbs (without infill) 
Min. 200 lbs/force 
Min. 200 lbs/force 
Min. >40 inches/hour 
=<200 
Min. 1.50" nominal 

 
C. Carpet shall consist of monofilament fibers tufted into a primary backing with a secondary 

backing. 
D. Carpet rolls shall be 15' wide rolls 

1. Rolls shall be long enough to go from sideline to sideline without splicing 
2.  Where the playing field is for football, the perimeter white line shall be tufted into the 

individual rolls. Head seams, other than at sidelines are unacceptable. 
E.  Backing: 

1.  Primary backing shall be a double layered polypropylene fabric treated with UV inhibitors. 
2.  Secondary backing shall consist of an application of porous, heat-activated urethane to 

permanantly lock the fiber tufts in place. 
F. Fiber shall be minimum denier noted in 2.02B, low friction, UV-resistant fiber measuring not 

less than 2.25 inches high. 
1.  Fiber shall match the fiber from list of projects provided as part of Submittals. 
2.  Systems with less than 2.25 inch fibers are unacceptable. 

G. lnfill materials shall be approved by the manufacturer 
1.  lnfill shall consist of a resilient layered granular system, comprising selected and graded 

dust-free silica sand and cryogenically hammer-milled SBR rubber crumb or ambient 
rubber crumb. 

2.  The sand component of the infill must represent a minimum of 50% or more of the total 
infill, by weight. 
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H.  Non-tufted or inlaid lines and markings shall be painted with paint approved by the synthetic turf 
manufacturer. 

I.  Thread for sewing seams of turf shall be as recommended  by the synthetic turf manufacturer. 
J.  Glue and seaming fabric for inlaying lines and markings shall be as recommended  by the 

synthetic turf manufacturer. 
2.03   QUALITY CONTROL IN MANUFACTURING 

A. A certified coating inspector employed by the turf manufacturer shall be on site at all times to 
ensure that the coating is applied properly. 

B.  The manufacturer shall own and operate its own manufacturing plant in North America. 
C.  The manufacturer shall have full-time certified in-house inspectors at their manufacturing  plant 

that are experts with industry standards. 
D.  The manufacturer's  full-time in-house certified inspectors shall perform pre-tufting fiber testing 

on tensile strength, elongation, tenacity, denier, shrinkage, and twist i.e., turns per inch, upon 
receipt of fiber spools from fiber manufacturer. 

E.  Primary backing shall be inspected by the manufacturer's  full-time certified in-house inspectors 
before tufting begins. 

F.  The manufacturer's  full-time in-house certified inspectors shall verify "pick count", yarn density 
in relation to the backing, to ensure the accurate amount of face yarn per square inch. 

G.  The manufacturer's  full-time, in-house, certified inspectors shall perform turf inspections at all 
levels of production including during the tufting process and at the final stages before the turf is 
loaded onto the truck for delivery. 

H.  The manufacturer shall have its own, in-house laboratory where samples of turf are retained 
and analyzed, based on standard industry tests, performed by full-time, in-house, certified 
inspectors. 

I.  The manufacturer  must have ISO 9001, ISO 14001 and OHSAS 18001 certifications 
demonstrating  its manufacturing  efficiency with regards to quality, environment  and safety 
management  systems. 

2.04   FIELD GROOMER & SWEEPER 
A. Supply field groomer as part of the Work. 

1.  Field groomer shall include a towing mechanism  compatible with a field utility vehicle. 
2.  Field Groomer shall be a FieldTurf GroomRight,  or approved equal. Turf supplier must 

submit cut sheets for the groomer for approval prior to contract being executed. 
3.  Field Sweeper shall include a towing attachment compatible with a field utility vehicle. 
4.  Field Sweeper shall be a FieldTurf SweepRight, or approved equal. Turf supplier must 

submit cut sheets for the sweeper for approval prior to contract being executed. 
PART 3 EXECUTION 
3.01   EXAMINATION 

A. Verify that all sub-base leveling is complete prior to installation 
B.   Installer shall examine the surface to receive the synthetic turf and accept the sub-base 

planarity in writing prior to the beginning of installation. 
1.  Acceptance is dependent  upon the Owner's test results indicating compaction and 

planarity are in compliance  with manufacturer's specifications. 
2.  The surface shall be accepted by Installer as "clean" as installation commences  and shall 

be maintained in that condition throughout the process. 
C.  Compaction of the aggregate base shall be 95%, in accordance  with ASTM D1557 (Modified 

Proctor procedure);  and the surface tolerance shall not exceed 0-1/4 inch over 10 feet and 0-%" 
from design grade. 

D.  Correct conditions detrimental to the timely and proper completion of Work 
E.  Do not proceed until unsatisfactory  conditions are corrected. 
F.  Beginning of installation means acceptance of existing conditions. 
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3.02   PREPARATION 
A. Prior to the beginning of installation, inspect the sub-base for tolerance to grade. 
B. Sub-base acceptance shall be subject to receipt of test results (by others) for compaction and 

planarity that sub-base is in compliance with manufacturer's specifications and 
recommendations. 

C.  Dimensions of the field and locations for markings shall be measured by a registered surveyor 
to verify conformity to the specifications and applicable standards. A record of the finished field 
as-built measurements shall be made. 

D. When requested by Architect, installed sub-base shall be tested for porosity prior to the 
installation of the monofilament turf. A sub base that drains poorly is an unacceptable substrate 

3.03   INSTALLATION  GENERAL 
A. The installation shall be performed in full compliance with approved Shop Drawings. 
B.  Only trained technicians, skilled in the installation of athletic caliber synthetic turf systems 

working under the direct supervision of the approved installer supervisors, shall undertake any 
cutting, sewing, gluing, shearing, topdressing or brushing operations. 

C. The designated Supervisory personnel on the project must be certified, in writing by the turf 
manufacturer, as competent in the installation of this material, including sewing seams and 
proper installation of the lnfill mixture. 

D. Designs, markings, layouts, and materials shall conform to all currently applicable National 
Collegiate Athletic Association rules, NFHSA rules, and/or other rules or standards that may 
apply to this type of synthetic turf installation. Designs, markings and layouts shall first be 
approved by the Architect or Owner in the form of final shop drawings. All markings will be 
installation full compliance with final shop drawings. 

3.04   INSTALLATION 
A.  Install at location(s) indicated, to comply with final shop drawings, manufacturers'/installer's 

instructions. 
B.  The Contractor shall strictly adhere to specified procedures. Any variance from these 

requirements shall be provided in writing, by the manufacturer's on-site representative, and 
submitted to the Architect and/or Owner, verifying that the changes do not in any way affect the 
Warranty. lnfill materials shall be approved by the manufacturer and installed in accordance 
with the manufacturer's standard procedures. 

C. Carpet rolls shall be installed directly over the properly prepared aggregate base. Extreme care 
shall be taken to avoid disturbing the aggregate base, both in regard to compaction and 
planarity. 
1.  Repair and properly compact any disturbed areas of the aggregate base as recommended 

by the manufacturer 
D. Full width rolls shall be laid out across the field. 

1. Turf shall be of sufficient length to permit full cross-field installation from sideline to 
sideline. 

2. No head or cross seams will be allowed in the main playing area between the sidelines. 
3. Each roll shall be attached to the next roll utilizing standard state-of-the-art sewing 

procedures. 
4. When all of the rolls of the playing surface have been installed, the sideline areas shall be 

installed at right angles to the playing turf. 
E.  Artificial turf panel seams shall be sewn along with selvedge edging flap of the turf roll. Seams 

secured by other means including gluing are unacceptable. Installation shall be 99% sewn. 
1. Minimum gluing will only be permitted to repair problem areas, corner completions, and to 

cut in any logos or inlaid lines as required by the specifications. 
2. Seams shall be flat, tight, and permanent with no separation or fraying. 
3. In the case of all lines and logos, turf carpeUfield fibers must be sheared to the backing 

(do not cut the backing) and adhered using hot melt adhesives. 
F.  lnfill materials: 
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1. lnfill materials shall be applied in numerous thin lifts. The turf shall be brushed as the 
mixture is applied. The infill material shall be installed to a depth determined by the 
manufacturer. 

2. Multi-layered infill shall be installed in a systematic order. 
3. lnfill materials shall be installed to fill the voids between the fibers and allow the fibers to 

remain vertical and non-directional. The infill shall be multi-layered and comprised of 
ballast layers of sand with additional layers of sand/rubber and/or rubber above the sand 
ballast. The lnfill installation shall be as outlined by the manufacturer and to a minimum 
depth of 1.50" and meeting the manufacturers' recommendations. 

G.  Non-tufted or inlaid lines and markings shall be painted in accordance with turf and paint 
manufacturers' recommendations. Number of applications will be dependent upon installation 
and field conditions. 

H. Synthetic turf shall be attached to the perimeter edge detail in accordance with the 
manufacturer's standard procedures. 

I.  Upon completion of installation, the finished field shall be inspected by the installation crew and 
an installation supervisor. 

3.05   FIELD MARKINGS 
A. Field Markings shall be installed in accordance with approved shop drawings. 

1. If Football is designated as the primary sport all five yard lines will be tufted in. 
B. Balance of sports markings will be inlaid in accordance with the Drawings. 
C. All letters and logos shall be inlaid according to artwork and fonts indicated on the Drawings, 

and in accordance with manufacturer's standard palette of turf colors. 
3.06  ADJUSTMENT AND CLEANING 

A. Do not permit traffic over unprotected surface. 
B. Contractor shall provide the labor, supplies, and equipment as necessary for final cleaning of 

surfaces and installed items. 
C. All usable remnants of new material shall become the property of the Owner. 
D. The Contractor shall keep the area clean throughout the project and clear of debris. 
E.   Surfaces, recesses, enclosures, and related spaces shall be cleaned as necessary to leave the 

work area in a clean, immaculate condition ready for immediate occupancy and use by the 
Owner. 

3.07   RECYCLING 
A. Manufacturer must commit to a "take back" program once the useful life of the turf surface has 

lapsed. Upon removal fo the turf surface, at least 75% of the turf surface must be recycled. 
Manufacturer must provide documentation of this program with the bid. 

3.08   FIELD MAINTENANCE 
A. Perform regularly scheduled periodic maintenance twice per year. The maintenance will include 

but not be limited to a complete inspection and repair including all materials and cleaners of all 
areas of the field including: Fiber fibrillation analysis, Seam analysis, Perimeter anchoring, 
Excessive Wear analysis, UV fade inspection, lnfill-  consistency in depth, lnfill-  migration 
analysis, Glued inlay analysis, Base stability analysis, Painted marking inspection, Debris 
removal, Brushing, Aerating, Grooming, Removal ofweeds and moss, Removal of stains, 
Keeping infilllevel. 

B. The inspection and maintenance will be performed by the manufacturer's Authorized 
Maintainer, if the person is not the same as the previous visit, then credentials will be submitted 
for approval before the visit. 

C.  Approximate number of times is 2 times per year for 8 years through the warranty period. 
D.  The maintenance activities will include and not be limited to the most current manufacturer 

maintenance guidelines at the time of the maintenance is being undertaken, including the 
following products: Scrub Detergent, Static Control, Gum Remover. 
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3.09   PROTECTION 
A. Protect installation throughout construction process until date of final completion. 

END OF SECTION 
 
  



 
 
 

 
 
 
 

Appendix E 
Typical Construction Schedule 



 
 
 

 
 
 
 

 

 



 
 
 

 
 
 
 

Appendix F 
Guidelines for Maintenance of Infilled Synthetic Turf Sports Fields 
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Introduction	

Purpose	

With	 thousands	 of	 sports	 ield	 installations	 throughout	 North	 America,	 the	 Synthetic	 Turf	 Council	 is	
pleased	that	so	many	 ield	owners	have	enjoyed	the	appearance,	performance,	playability	and	longevity	
bene its	that	a	synthetic	turf	surface	can	provide.	In	order	to	maximize	the	investment	and	bene its	of	a	
synthetic	turf	surface,	maintenance	is	essential.	These	voluntary	guidelines	provide	owners	with	objec‐
tive	maintenance	guidance	to	augment,	and	not	replace,	the	maintenance	requirements	and	procedures	
of	the	company	or	companies	providing	the	warranty	for	the	 ield	and	the	installation.	

Objectives	

There	are	four	key	areas	that	drive	the	need	for	objective	synthetic	turf	maintenance	guidelines:	

 Maximize	 the	appearance	and	 longevity	of	your	synthetic	 turf—Improperly	 maintained	 ields	
will	degrade	faster	and	compromise	playing	conditions.	

 Ensure	 maximum	 performance	 and	 playability—The	 STC	Guidelines	 for	Synthetic	Turf	Perfor-
mance,	 available	 at	www.syntheticturfcouncil.org,	 states,	 “proper	maintenance	 is	 essential	 for	 the	
performance	 and	quality	 of	 any	 synthetic	 turf	 system.”	Through	a	 combination	of	 regular	mainte‐
nance	and	performance	 testing,	 it	 is	possible	 to	 track	 the	synthetic	sports	 ield’s	performance	and	
anticipate	the	end	of	its	useful	life.			

 Address	 ield	usage	topics	and	special	circumstances—Factors	such	as	age,	hours	of	use,	type	of	
usage,	climate,	contamination	and	other	situations	impact	the	performance	of	the	synthetic	turf.	

 Meet	 your	 ield’s	warranty	 requirements—While	 a	 maintenance	 regimen	 can	 support	 the	 re‐
quirements	of	a	warranty,	the	details	of	a	maintenance	plan	should	be	carefully	reviewed	with	the	
ield	builder	to	assure	that	it	complies	with	and	does	not	void	any	provisions	of	the	warranty.	

Scope	

While	there	are	numerous	types	and	uses	of	synthetic	turf,	this	document	focuses	on	in illed	synthetic	
turf	systems	designed	for	sports	 ields.	This	document	addresses	the	following	topics	for	a	 ield	owner:	

	

Field	builder—For	purposes	of	this	document,	a	 ield	builder	is	de ined	as	the	company	having	primary	
responsibility	 for	 installing	 the	 synthetic	 turf	 sports	 ield,	 either	 directly	 or	 indirectly	 through	 a	 sub‐
contractor	or	distributor,	and	providing	the	overall	warranty	for	the	installation	and	the	 ield	materials.	

 Suggested	approach	to	maintenance	

 Routine	maintenance	

 Comprehensive	maintenance	

 Field	rejuvenation	

 Special	circumstances	

 Usage	considerations	
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Approach	to	Maintenance	
As	stated	in	the	Introduction,	a	solid	maintenance	program	is	essential	to	achieving	the	appearance,	per‐
formance,	playability	and	 longevity	bene its	of	 synthetic	 turf.	A	 ield	owner	 should	 take	 the	 following	
approach	towards	maintenance:	

Prior	to	Purchase	

Communication	

 Understand	that	no	synthetic	turf	system	is	“maintenance	free”.	

 Obtain	the	 ield	builder’s	warranty	and	maintenance	guidelines.	Ask	questions	to	understand	the	im‐
plications	and	requirements	of	each	throughout	the	useful	life	of	the	synthetic	turf.	

 Discuss	the	anticipated	usage	of	your	 ield	with	your	 ield	builder.	Obtain	a	maintenance	plan	that	is	
designed	for	your	 ield	and	its	planned	usage.	

Purchase/Design	Considerations	

 Include	 in	 your	 purchase	 speci ic	maintenance	 equipment,	 extra	 in ill	 and	 repair	materials	 (extra	
synthetic	turf,	seaming	tape	and	glue).	

 For	synthetic	turf	 ields	with	an	irrigation	system,	consult	an	irrigation	specialist	to	ensure	that	the	
system	will	not	cause	the	 ield	to	become	over‐saturated	when	irrigated.	Only	potable	water	should	
be	used	for	irrigation.	

 Design	and	locate	the	 ield	to	avoid	contamination	from	adjacent	areas.			

 Ensure	player	walkways	to	the	 ield	are	clean,	and	install	a	brush	mat	at	the	entrance	to	the	
ield.	Where	necessary,	cross	over	covers	can	be	used	for	player	entry	onto	the	 ield.	

 Consider	installing	paved	areas	around	the	 ield	to	prevent	contamination	from	nearby	vege‐
tation,	spectators,	maintenance	vehicle	tires,	etc.			

 If	possible,	locate	the	 ield	away	from	sources	of	airborne	pollutants,	 lood	plains,	and	other	
problematic	situations.			

 Ensure	that	all	surrounding	surface	water	is	directed	away	from	the	 ield.	

Establish	Responsibility	

 Understand	who	will	perform	the	ongoing	maintenance,	including	repairs	and	in ill	replacement,	and	
its	cost	throughout	the	useful	life	of	the	 ield.	The	maintenance	can	be	performed	by	the	 ield	owner	
with	its	own	equipment	and	personnel,	or	outsourced	to	either	a	quali ied	maintenance	 irm	or	the	
ield	builder.	If	a	third‐party	maintenance	 irm	is	to	be	engaged,	make	sure	it	is	pre‐approved	by	the	
ield	builder	and	it	agrees	to	maintain	your	desired	performance	criteria.	The	STC	maintains	on	its	
website,	www.syntheticturfcouncil.org,	 an	Online	Buyer’s	Guide	and	Member	Directory	that	 includes	 a	
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listing	of	STC	Certi ied	and	other	maintenance	service	providers.			

 The	 ield	builder	should	con irm	in	writing	before	any	maintenance	work	is	performed	on	the	 ield	
that	the	ongoing	maintenance	program,	service	provider,	and	maintenance	equipment	are	accepta‐
ble,	comply	with	and	will	not	void	any	warranty	provisions.	

Accepting	Your	New	Field	

 Training—Field	owner	personnel	should	be	trained	on	the	synthetic	turf	warranty,	the	 ield	builder’s	
maintenance	guidelines	and	these	STC	Maintenance	Guidelines.	Training	should	include	information	
about	the	speci ic	components	and	materials	of	the	installed	system,	the	proper	use	of	the	synthetic	
turf	maintenance	equipment	you	will	be	operating,	and	the	steps	to	ensure	that	optimal	bene its	are	
obtained	while	satisfying	warranty	requirements.	

 Expectation—After	a	period	of	several	months	of	initial	use	of	the	 ield	and	rainfall,	the	in ill	material	
will	settle	into	the	synthetic	turf.	During	this	period,	more	frequent	brushing	may	be	advised	by	your	
ield	builder.	Once	settling	occurs,	check	the	in ill	depth	for	consistency	around	the	 ield	and	to	en‐
sure	it	is	within	the	 ield	builder’s	guidelines.	

 Testing—Conduct	any	on‐site	 ield	testing	by	a	recognized	third‐party	lab	that	may	have	been	speci‐
ied	during	the	purchase	or	bid	process	to	determine	if	the	 ield	meets	desired	performance	criteria,	
e.g.,	 those	highlighted	 in	 the	STC	Guidelines	for	Synthetic	Turf	Performance.	This	will	help	benchmark	
the	performance	characteristics	of	the	 ield	when	it	is	new	against	test	results	taken	throughout	its	
useful	life.			

Protecting	Your	Field	

 Establish	signage	and	local	rules	for	the	use	of	the	 ield	to	avoid	 ield	contamination	and	damage.	

 If	the	 ield	is	in	a	 lood	plain,	cover	it	when	the	threat	of	 looding	exists	with	a	specialized	tarp	de‐
signed	to	limit	silt	and	debris	from	contaminating	the	 ield	surface.	

 Encourage	coaches	and	players	to	rotate	activities	to	different	sections	of	the	 ield	to	prevent	high	
wear	areas.			

 Provide	trash	and	litter	containers	on	site	and	make	sure	there	are	enough	containers	to	eliminate	
over low.	

 Route	 ield	access	traf ic	in	such	a	way	as	to	minimize	the	tracking	of	mud	and	dirt	onto	the	 ield.	

 Set	up	drinks	for	players	during	practice	breaks	off	of	the	 ield,	if	possible.	

 Do	not	perform	any	maintenance	or	other	activity	that	may	invalidate	the	warranty.	

 Report	any	 ield	damage	to	the	 ield	builder	immediately.	Damages	need	to	be	immediately	repaired	
to	avoid	an	escalating	problem.	

 Plan	to	perform	the	maintenance	recommended	by	your	 ield	builder.	In	terms	of	time,	you	should	
budget	one	hour	of	inspection	and	maintenance	for	every	10	hours	of	playing	time.	
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 Ensure	a	maintenance	and	activity	log	is	maintained.	This	is	often	required	by	the	warranty.	It	is	im‐
portant	 that	each	and	every	maintenance	operation,	no	matter	how	minor,	be	recorded	 in	 the	 log.	
Please	ask	your	 ield	builder	for	a	form,	but	in	general,	the	following	information	should	be	logged:	

 Type	of	Activity	during	week	

 Estimated	number	of	hours	used	during	week	

 Average	number	of	participants	per	hour	

 Type	of	maintenance	activity	performed	

 Remarks/Notes	

 Signature	of	maintenance	supervisor	
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Routine	Maintenance—Ongoing	
The	basic	components	of	effective,	routine	maintenance	are	to:		

 Conduct	inspections	and	perform	minor	repairs	to	avoid	playing	hazards.	

 Keep	the	playing	surface	clean	and	free	of	debris	and	contaminants.	

 Check	and	maintain	proper	in ill	levels	to	provide	a	consistent	surface.	

 Brush	the	surface	to	preserve	appearance,	keep	grass	 ibers	upright,	and	maintain	even	in ill	levels,	
making	sure	to	use	only	approved	bristles	that	will	not	overly	abrade	the	 ibers.	

 Maintain	a	maintenance	and	activity	log.	

Conduct	Inspections	and	Perform	Minor	Repairs	

A	maintenance	person	should	walk	the	 ield	daily	and	conduct	more	detailed	 inspections	according	to	
your	 ield	builder’s	recommended	schedule.	To	avoid	permanent	damage	to	your	synthetic	turf	or	safety	
hazards,	 check	 regularly	 for	 and	 address	 such	 critical	 items	 as	 foreign	 debris,	 low	 in ill	 levels,	 open	
seams,	etc.			

 Pay	special	attention	to	the	most	heavily	used	areas,	such	as	mid ield,	goal	mouths,	corner	kick	areas,	
etc.	Add	new	in ill	or	redistribute	migrated	in ill,	where	necessary,	to	the	recommended	depth.			

 Look	for	foreign	debris	or	contamination.	

 Check	seams	and	joints	where	panels	or	any	 ield	markings	are	joined	together.	Open	joints	can	cre‐
ate	a	 tripping	hazard	and	should	be	 immediately	repaired.	An	open	 joint	of	12	 inches	 in	 length	or	
less	may	not	be	an	 indication	of	 seam	 failure—discuss	with	your	 ield	builder	 in	advance	 for	 self‐
repair	techniques	and	if	self‐repairs	are	recommended.	Note	that	open	joints	of	greater	than	12	inch‐
es	in	length	should	be	reported	to	and	reviewed	with	your	 ield	builder.	

 Note	any	deteriorating	grass	 iber	or	in ill	conditions,	visual	or	excess	wear	concerns,	drainage	con‐
cerns,	performance	concerns,	etc.	and	report	them	to	your	 ield	builder.	

Keep	the	Playing	Surface	Clean	

 Remove	all	waste	items	on	a	regular	basis.	Sweepers	can	assist	in	this	process.	Every	loose	foreign	
object,	no	matter	how	small,	can	damage	your	 ield	by	abrading	the	grass	 ibers	and/or	contaminat‐
ing	the	in ill.	

 Remove	airborne	contaminants,	such	as	leaves	and	other	debris.	If	allowed	to	remain	on	the	surface	
for	any	length	of	time,	they	will	migrate	into	the	system,	inhibiting	drainage	and	causing	in ill	com‐
paction.	Consider	covering	the	 ield	with	pre‐approved	tarp	when	it	is	not	in	use.	

 Remove	organic	material,	including	animal	waste,	as	soon	as	possible	to	impede	the	growth	of	algae,	
weed	or	moss	growth.		Leafy	trees	should	not	be	located	next	to	a	 ield,	if	possible.	Brushing	will	help	
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deter	organic	growth,	as	will	the	use	of	approved	fungicides	and	anti‐bacterial	treatments.	

 Don’t	allow	food,	sodas,	chewing	gum,	sun lower	seeds,	chewing	tobacco,	smoking,	etc.	on	the	 ield.			

 Do	not	use	cleaning	chemicals	containing	alcohol	or	acetone	solvents.	Chemicals	should	not	be	used	
without	consulting	with	your	 ield	builder.	Take	care	to	avoid	spilling	any	petroleum‐based	liquids	
including	fuel	onto	the	surface.			

Maintain	Proper	In ill	Levels	

The	proper	amount	of	 in ill	 is	vital	 to	 the	performance	of	 the	 ield.	 In ill	also	protects	 the	grass	 ibers	
from	damage,	and	helps	keep	them	upright.	Ask	your	 ield	builder	for	the	recommended	in ill	levels.	Be	
aware	that:	

 High	use	areas	are	prone	to	greater	in ill	displacement.			

 Brushing,	drag	mats,	and	proper	rakes	can	help	redistribute	in ill	evenly.	

 In ill	may	accumulate	at	the	edges	of	a	 ield.	If	so,	clean	the	material	prior	to	brushing	back	into	the	
main	 ield.	

 Replacement	in ill	should	meet	the	 ield	builder’s	speci ications.	

 Using	an	in ill	depth	gauge	or	a	nail	and	tape	measure	on	a	grid	pattern	is	the	preferred	way	to	meas‐
ure	in ill	depth	and	consistency.	

Groom	the	Surface		

Regular	brushing	is	an	important	function	that	must	not	be	overlooked	or	neglected.	Brushing	helps	to	
maintain	uniform	 in ill	 levels,	keep	 the	grass	 ibers	upright,	 remove	debris,	 and	 improve	 the	 ield	ap‐
pearance.	Conversely,	the	 lattening	of	grass	 ibers	can	create	a	possible	acceleration	of	wear	as	well	as	
reduced	 ield	performance.	While	grooming,	inspect	the	 ield	for	unsafe	conditions.	

 Equipment—Use	a	static	brush	for	general	in ill	leveling	and	to	stand	up	the	grass	 ibers.	A	mechan‐
ical	sweeper	or	other	specialty	synthetic	turf	cleaning	equipment	should	be	used	to	remove	surface	
debris.	Do	not	use	maintenance	equipment	before	receiving	proper	use	and	safety	training.	Use	only	
equipment	and	vehicles	 that	are	approved	by	 the	 ield	builder.	Use	only	 synthetic	 iber	bristles	of	
recommended	stiffness.	Do	not	use	metal	or	wire	bristles.		Do	not	use	6‐wheel	vehicles.	

 Method—Using	an	average	all‐purpose	vehicle,	brushing	a	standard	sized	multi‐purpose	 ield	takes	
about	an	hour.	The	vehicle	speed	should	be	low	and	sharp	turns	must	be	avoided.	It	is	most	effective	
to	brush	the	surface	when	 it	 is	dry.	The	high‐wear	areas	will	 require	additional	attention	as	 these	
zones	will	obviously	have	the	most	disrupted	in ill	and	pile	 lattening	due	to	the	intensity	of	play.		

 Direction—The	 surface	 should	 be	 brushed	 in	 a	 number	 of	 directions,	 alternating	 the	direction	 in	
consecutive	activities,	but	generally	 in	the	direction	of	the	individual	panels	to	avoid	crossing	over	
the	main	seams.	On	different	days,	start	at	different	locations	so	as	to	alternate	the	brushing	direc‐
tion	for	each	panel	(see	graphic	on	next	page).	
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 Brush	Height	Setting—The	 optimum	brush	 height	 setting	will	 depend	 on	 the	model	 and	 type	 of	
equipment.	Do	not	set	the	brush	so	low	that	it	digs	into	the	turf	pile	or	backing.	Too	low	a	setting	can	
damage	the	turf,	the	seams	and	disturb	the	in ill.	

 Frequencies—Ask	your	 ield	builder	for	the	recommended	grooming	frequency.	In	general,	the	fre‐
quency	will	be	related	to	the	intensity	of	use;	however,	excessive	brushing	can	cause	 iber	damage	
which	over	time	will	compromise	the	 ield’s	performance	characteristics	and	longevity.	
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Comprehensive	Maintenance—Semi‐Annual	to	Annual	

Situations	Requiring	Comprehensive	Maintenance	

Over	a	period	of	time,	the	following	situations	may	arise	which	will	require	the	need	for	more	compre‐
hensive	maintenance:		

 Grass	 ibers	become	signi icantly	bent,	creased	and	 lat.	

 The	playing	surface	becomes	hard	and	compacted.	While	common	to	 in illed	systems,	 this	 impacts	
the	players	and	also	can	create	drainage	issues.	

 Dirt,	debris	and	metal	accumulate	on	or	within	the	system	despite	routine	maintenance.	

 Seams	become	loose	or	panels	shift	creating	a	safety	hazard.	

 In ill	levels	become	uneven,	particularly	in	high	wear	areas,	such	as	in	front	of	soccer	goals.	This	will	
impact	 player	 biomechanics	 and	 surface	 consistency,	 and	will	 provide	 inadequate	 support	 of	 the	
grass	 ibers.	

When	 these	 situations	or	 other	 concerns	 arise,	 contact	 the	 ield	builder	 and/or	 a	 third‐party	mainte‐
nance	contractor	approved	by	the	 ield	builder.	

Comprehensive	Maintenance	Options	

Comprehensive	maintenance	generally	includes	the	use	of	specialty	maintenance	equipment	by	trained	
maintenance	professionals.	Depending	upon	the	situation,	the	following	actions	may	be	performed:	

 Professional	 ield	 inspection	and	 corrective	action—Assess	 the	 ield	 surface,	 especially	 heavy	
wear	areas,	identify	weak	or	loose	seams	and	inlays,	and	repair	the	damage.	Sport	performance	test‐
ing	may	also	be	desirable.	

 Decompaction	of	in ill—In ill	decompaction	is	important	for	improving	shock	absorption	and	syn‐
thetic	turf	drainage.	Use	only	equipment	specially	designed	to	decompact	and	create	loft	 in	in illed	
synthetic	turf	systems.	

 Redistribution	and	leveling	of	the	in ill—Measure	in ill	depth	on	a	grid	pattern,	and	add	and	level	
in ill	as	needed	to	return	the	surface	to	the	 ield	builder’s	speci ications.	

 Deep	Cleaning—Use	 special	 equipment	 that	 combines	mechanical	 brushing,	 suction,	 and	 an	 in ill	
return	system	to	remove	surface	debris	and	embedded	contaminants.	

 Metal	removal—Use	a	magnet	attached	 to	your	maintenance	equipment	 to	 remove	 ferrous	metal	
objects	from	the	 ield.	

 Weed	and	pest	treatment—Treat	with	herbicides	or	pesticides,	as	required.	

 Partial	removal	and	reinstallation	of	in ill	material—Remove	the	in ill,	as	necessary,	to	get	rid	of	
embedded	 foreign	matter	 that	has	contaminated	 the	 in ill	 system,	 relieve	grass	 ibers	 that	may	be	
trapped	in	the	in ill,	or	improve	drainage.	
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Field	Rejuvenation—As	Needed	Maintenance	
As	 ields	mature,	 the	accumulation	of	unwanted	or	 foreign	contaminants	 is	 inevitable,	especially	deep	
within	the	in ill	layer.	Events,	such	as	 looding	or	dust	storms,	may	introduce	extreme	levels	of	contami‐
nation.	This	may	cause	surface	hardening	and	water	permeability	issues,	and	compromise	 ield	perfor‐
mance.	

When	a	 ield	begins	to	show	signs	of	deep	compaction,	such	as	g‐max	readings	that	exceed	desired	levels	
or	 signi icant	 drainage	 issues,	 full	 ield	 rejuvenation	may	be	 desired.	 These	maintenance	 services	 are	
performed	using	specialized	 ield	rejuvenation	equipment	and	personnel	and	may	include:	

 Removal	of	the	vast	majority	of	dirty	and	contaminated	in ill;	

 Untangling	matted	and	compacted	 ibers;	

 A	combination	of	re‐installation	of	new	in ill	and/or	the	cleaning	of	the	original	in ill;	

 Removal	of	dust,	debris	and	application	of	a	disinfectant	to	treat	for	bacteria,	if	the	original	in ill	will	
be	processed	and	cleaned.	

Special	Circumstances—As	Needed	Maintenance	
While	not	intended	as	a	complete	list,	the	Synthetic	Turf	Council	wishes	to	provide	guidance	on	certain	
special	circumstances	which	may	require	solutions	on	an	“as	needed”	basis.	

Field	Markings	

 Temporary	paints	can	be	used	if	formulated	speci ically	for	synthetic	turf.	Ideally,	paint	should	be	ap‐
plied	only	to	the	turf	 ibers,	and	not	into	the	in ill;	although	this	will	not	be	possible	if	in ill	levels	are	
too	high.	Remove	and	reapply	paint	after	a	maximum	of	four	applications	to	avoid	hard‐to‐remove	
build‐up.				

 Service	companies	with	specialized	equipment	are	available	that	can	paint	and	remove	lines,	logos,	
end	zones,	graphics,	etc.	

 Permanent	lines,	logos,	etc.	can	age	differently	than	the	playing	 ield	turf.	They	may	harden	or	shrink	
at	different	rates	that	will	affect	g‐max.		Special	grooming	or	other	techniques	may	be	required.	

Heavy	Rain	

 If	signi icant	ponding	occurs	after	heavy	rainfall,	it	may	be	an	indication	of	a	variety	of	factors,	such	
as	clogged	or	damaged	underground	drain	pipes	or	discharge	outlets,	base	unevenness,	debris	in	the	
in ill,	or	in ill	surface	tension.	For	in ill	surface	tension,	a	 ield	builder‐approved	surfactant	or	laun‐
dry	fabric	softener	can	be	used	to	break	the	surface	tension	allowing	the	turf	to	drain.		

 After	heavy	rainfall,	it	is	advisable	to	check	the	in ill	levels	in	case	of	migration	with	the	 ield	slope.	
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Snow	and	Ice	

Generally	snow	and	ice	should	be	left	to	melt	and	drain	off	the	system	without	assistance.	At	times,	how‐
ever,	it	is	necessary	to	remove	snow	or	ice	to	make	the	 ield	playable	for	a	scheduled	event.	The	working	
principle	for	removing	snow	is	to	do	so	as	near	to	game	time	as	possible.	This	reduces	the	likelihood	of	
new	 snow	 build‐up	 and	will	 reduce	 the	 risk	 of	 ice	 from	 cold	 winds	 whipping	 across	 a	 damp,	 newly	
cleared	surface.	Because	ice	and	wet	snow	removal	is	particularly	dif icult,	it	is	important	that	you	take	
measures	to	prevent	the	build‐up	of	ice	and	wet	snow.	Use	only	pneumatic	tires	on	equipment	used	for	
the	removal	of	snow	and	ice.	If	a	snow	plow	is	used,	make	sure	the	blade	is	guarded	with	PVC	pipe	and	
corner	elbows	or	rubber	tips,	and	the	height	is	adjusted	to	leave	¼‐½”	inch	of	snow	on	the	surface.	This	
is	 to	avoid	surface	damage.	The	remaining	snow	should	be	 left	 to	melt	 in	the	sunlight	as	brushing	the	
remaining	 snow	may	 also	 remove	 the	 in ill.	 Avoid	 using	 a	 tarp	 on	 the	 ield	 during	 freezing	weather.	
Tarps,	unless	vinyl	or	poly‐coated,	can	freeze	to	the	surface,	and	will	be	very	dif icult	to	remove.		

In	some	cases	it	may	be	necessary	to	use	a	weighted	lawn	roller	over	the	 ield	to	break	up	ice.	The	bro‐
ken	ice	can	then	be	swept	off	the	 ield.	Generally,	if	the	sun	is	out	and	the	ice	or	frost	is	not	excessive,	it	
tends	to	melt	rapidly,	especially	when	players	are	on	the	 ield.	

Lightning	

Lightning	strikes,	although	rare,	can	happen.	Metal	spikes	should	not	be	used	on	the	 ield	to	reduce	the	
chance	of	lightning	strikes.	If	your	 ield	is	struck	by	lightning,	damages	beneath	the	surface	are	typically	
greater	than	the	damage	to	the	surface.			

Static	Electricity	

Surfactants	like	liquid	laundry	fabric	softeners	can	reduce	static	electricity.	

Stain	Removal		

Most	stains	can	be	removed	easily	with	a	solution	of	hot,	but	not	boiling,	water	and	a	 ield	builder’s	ap‐
proved	household	detergent.	Brush	the	stain	with	a	stiff	bristle	brush,	scrub	the	area	with	soap	and	wa‐
ter,	rinse	with	clean	water,	and	pat	dry.			

Equipment	Leaks	or	Spills	

 Prevent	leaks	or	spills	by	checking	equipment	and	its	components	thoroughly	before	use	on	turf;	do	
not	 ill	fuels,	oils,	 luids	while	equipment	is	on	the	 ield.	Wipe	any	excess	grease	from	any/all	 ittings.		
Petroleum‐based	spills	can	damage	the	synthetic	turf.	

 Hydraulic	 luid—Use	only	 the	newer	biodegradable	 luids,	 if	available	 for	your	equipment—don’t	
use	petroleum‐based	 luids.	Check	with	the	equipment	manufacturer	to	verify	the	biodegradable	 lu‐
id	is	compatible	with	the	equipment	and	its	warranty.	If	a	leak	occurs	when	using	petroleum‐based	
luids	it	is	important	to	minimize	the	damage	by	stopping	and	capturing	as	much	 luid	as	possible.	If	
it	gets	on	the	turf,	use	spill	leak	towels	to	soak	up	the	majority	of	the	 luid.	Vacuum	out	the	in ill	in	
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the	affected	area,	use	a	solution	of	household	dishwashing	liquid	and	water	to	break	down	and	clean	
any	remaining	 luid	from	the	turf.	Once	the	turf	is	clean,	you	will	need	to	install	new	in ill.	

 Motor	oil—See	above.	

 Gasoline	and	diesel—Don’t	 ill	equipment	while	it	is	on	the	turf.	Do	not	over ill.	Newer	equipment	
has	an	over low	tube	that	drains	directly	under	the	equipment	and	onto	the	ground.	Use	a	catch	pan	
while	 illing	to	prevent	accidental	spillage.	

 Grease—Use	grease	sparingly	and	wipe	any	excess	off	of	all	 ittings,	bearings,	chains,	etc.	

Removal	of	Certain	Foreign	Objects	and	Contaminants	

 Chewing	gum	can	best	be	removed	by	using	either	 ice	or	an	aerosol	to	 freeze	the	gum,	which	can	
then	be	chipped	or	broken	off	the	turf	 ibers.	If	gum	has	been	smeared	across	 ibers,	peanut	butter	
will	soften	and	breakdown	the	gum	so	that	it	can	be	wiped	off.		

 Sun lower	seeds,	peanut	shells,	pistachio	shells,	 etc.	 should	be	 removed	as	 soon	as	possible	by	
using	a	hand	held	or	back	pack	blower.	To	minimize	or	eliminate	the	movement	of	in ill,	do	not	point	
nozzle	directly	into	the	turf.	Use	minimal	throttle	to	decrease	the	volume	of	air.		

 Metal	objects	should	be	picked	up	by	a	magnet	 that	 is	attached	 to	grooming	and	brushing	equip‐
ment.	

 Moss,	mold,	or	algae	may	appear	in	underutilized	areas	of	the	synthetic	turf,	particularly	if	it	is	in	
shade	and	damp.	Specialty	products	are	available	to	treat	these	organisms	and	fungi—consult	your	
ield	builder.	If	moss,	mold,	or	algae	are	allowed	to	harvest	and	spread,	the	 ield	may	need	to	be	reju‐
venated	(see	Field	Rejuvenation).	

 Weeds	are	easily	removed	by	hand	if	the	infestation	has	not	become	too	excessive.	Treatments	are	
also	available.	
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Synthetic	Turf	Usage	Considerations	
It	is	very	important	for	a	 ield	owner	to	understand	that	certain	activities,	usage	and	other	circumstanc‐
es	may	impact	the	 ield	quality,	wear	and	tear,	appearance,	warranty	and	performance	of	a	synthetic	turf	
ield.	If	any	doubt	exists,	the	 ield	builder	should	be	consulted.	The	following	are	some	of	the	suggested	
considerations	for	the	 ield	owner:	

 Make	sure	 in	advance	any	maintenance	 equipment,	 personnel,	 techniques,	 repairs	 and	materials	
comply	with	the	 ield	builder’s	speci ications	and	warranty.	

 Verify	that	the	design,	synthetic	turf	system	and	maintenance	speci ications	will	result	in	the	desired	
performance	outcomes	prior	 to	selecting	your	provider.	The	STC	Guidelines	for	Synthetic	Turf	Perfor-
mance	are	available	by	 visiting	www.syntheticturfcouncil.org.	The	 STC	also	maintains	 a	 list	 of	 STC	
Certi ied	consultants,	manufacturers,	 ield	builders,	testing	labs,	and	service	providers	on	its	website.	

 Monitor	the	performance	of	your	 ield	throughout	its	useful	life	with	periodic	 ield	testing	and	fre‐
quent	inspections.	

 The	 following	may	damage	 the	 synthetic	 turf:	 accidents,	 vandalism,	 spiked	 shoes,	 animals,	 wire	
brushes,	 ires,	 ireworks,	 loods,	chemical	reactions,	acts	of	God,	the	use	of	dry	cleaning	 luids	or	im‐
proper	cleaning	methods,	high	pressure	sprays	exceeding	500	psi,	storage	of	heavy	materials	on	the	
ield,	non‐approved	in ill	materials,	and	non‐approved	arti icial	lights.	

 Certain	activities	may	damage	the	synthetic	turf	such	as	bicycle	traf ic,	track	and	 ield	events,	golf	
activities,	concerts,	etc.	Special	events	and	activities	should	be	reviewed	with	the	 ield	builder	before	
the	event	occurs	to	ensure	that	damage	is	not	done.	You	should	also	consider	consulting	with	a	com‐
pany	that	sells	 ield	protection.	

 The	quality	of	the	sub‐base	will	 directly	 affect	 the	 appearance	 and	performance	 of	 the	 synthetic	
turf	system.	Select	a	base	contractor	only	after	carefully	checking	synthetic	turf	experience	and	capa‐
bilities.	Signi icant	importance	should	be	assigned	to	grade,	stone	quality,	drainage,	etc.		If	the	base	is	
compromised,	then	the	surface	will	be	compromised.		

 Footwear—Suitable	footwear	should	always	be	used.		Metal	spikes	should	be	prohibited	and	cleats	
are	preferred.	Flat‐soled	rubber	shoes	greatly	intensify	the	wear	and	tear	on	the	synthetic	turf.	

 Use	patterns—It	is	very	important	to	spread	the	 ield	use	to	various	locations	on	the	 ield	to	prevent	
uneven	or	accelerated	wear	in	certain	areas.	

 Vehicles	

 Do	not	park	vehicles	on	the	 ield,	especially	in	the	heat	of	the	day,	or	leave	vehicles	on	a	wet	
or	hot	 ield	for	long	periods	of	time.		

 Engine	exhausts	should	not	be	faced	down	toward	the	playing	 ield,	and	a	hot	muf ler	or	ex‐
haust	pipe	should	not	touch	the	surface.	
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 Use	lighter	vehicles	with	LGP	(Low	Ground	Pressure)	tires	with	round	edges	to	prevent	rut‐
ting.	Do	not	use	cleated	or	traction	tires.	

 Heavy	vehicles	(over	300	pounds)	should	have	a	maximum	tire	pressure	of	35	psi.	

 Make	wide,	not	sharp,	turfs,	and	only	when	the	vehicle	is	in	motion.	All	vehicles	should	move	
at	slow	speeds.	Avoid	abrupt	and	sudden	braking,	as	well	as	sudden	acceleration	or	spinning	
of	the	wheels,	especially	on	wet	surfaces.	Consult	the	equipment	manufacturer	to	learn	load	
limits.	

 All	vehicles	must	be	checked	before	use	on	the	 ield	to	determine	if	they	are	leaking	oil	or	gas.	
If	so,	they	should	be	repaired	before	entry	onto	the	 ield.	

 Concentrated	heavy	use	protection	

 Stage	or	other	set‐ups	for	special	events	or	activities,	such	as	graduations,	are	normal.	Proper	
ield	protection	of	the	synthetic	turf	must	be	provided	to	prevent	damaging	it.	Use	plywood,	
interlocking	 plastic	 panels	 or	 similar	weight	 distributing	materials	 under	 all	 chairs	 and	 ta‐
bles—consult	 the	 ield	builder	or	a	 ield	protection	company.	Use	 ield	protection	 that	does	
not	have	a	dimensional	pro ile,	e.g.,	corrugation,	because	the	pro ile	will	transfer	onto	the	turf	
and	 require	 heavy	 grooming	 to	 remove.	 It	 is	 imperative	 that	 no	anchoring	 spikes,	 posts	 or	
footing	 be	 driven	 into	 the	 turf.	 Once	 the	 ield	 protection	 is	 removed,	 the	 area	 should	 be	
groomed	and	swept	with	a	magnet	to	remove	any	misplaced	or	dropped	nails,	screws,	etc.	

 Helicopter	 landings	may	 be	 necessary	 to	 remove	 an	 injured	 player,	 for	 example;	 the	 rotor	
wash	will	likely	cause	in ill	to	be	displaced.	As	soon	as	possible	evaluate	the	area	and	groom	
or	brush	as	needed.	

 Protect	the	synthetic	turf	as	needed	with	approved	tarps	when	nearby	renovations,	e.g.,	run‐
ning	track	recoats	or	installations,	cleaning	or	painting	of	bleachers,	construction	or	repairs	to	
lighting,	renovations	of	adjacent	natural	turf	 ields,	etc.,	may	cause	harm	to	the	synthetic	turf.	
Contact	 the	 ield	builder	 for	a	protection	recommendation.	 Improper	plastic	protection	will	
cause	heat	damage.	

 Prevent	heavy	equipment	from	accessing	the	 ield	or,	if	necessary,	cover	the	 ield	with	appro‐
priate	protection	to	distribute	the	weight	of	the	equipment.	

Disclaimer	

Due	to	the	unique	situation	of	each	synthetic	turf	 installation,	other	considerations	may	arise	that	are	
not	addressed	by	these	guidelines.	Such	considerations	should	not	be	ignored	or	minimized,	but	should	
be	addressed	by	your	 ield	builder	or	 industry	specialists.	This	document	does	not	 in	any	way,	 imply,	
suggest	 or	 guarantee	 that	 a	 warranty,	 environmental,	 or	 performance	 issue	 could	 not	 arise	 if	 these	
guidelines	are	followed.	These	voluntary	guidelines	are	not	standards,	and	are	not	to	be	used	as	the	ba‐
sis	for	warranty	or	other	claims.	
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The	Synthetic	Turf	Council	and	its	members	invite	you	to	visit	
www.SyntheticTurfCouncil.org	for	additional	information.	

We	hope	you	enjoy	your	 ield!	

	

Synthetic	Turf	Council	
400	Galleria	Parkway,	Suite	1500	

Atlanta,	GA	30339	
Phone:	678.385.6720	|	Fax:	678.385.6501	

www.syntheticturfcouncil.org	

Online	Buyer’s	Guide	and	Member	Directory	
www.stc.of icialbuyersguide.net	



 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix G 
Synthetic Field Grooming Recommendations 

  



 
 
 

 
 
 
 

Synthetic Field Grooming Recommendations 
 
Grooming techniques are taught by a manufacturer representative when your new field is completed. It 
is highly recommend choosing one staff member to be responsible for the field maintenance and 
necessary equipment and for anyone who may groom to attend the training. 

 
Liken your new synthetic field to that of carpet in your home. Cleaning debris from the field and using your 
manufacturer approved grooming equipment will help to keep your fibers standing tall and give the field a plush 
appearance. Always use a nylon, soft bristle drag system approved or designed by your field’s manufacturer. 

 
For a multi-purpose facility, grooming typically takes 2 hours and consists of driving a utility vehicle equipped with an 
approved drag brush attachment back and forth across the field to stand or “brush” the fibers in your system. For 
best results, grooming should be done during dry weather and when the field is dry to the touch. 

 
How often should you groom? 
New fields should be groomed once a week for the first two months upon installation to remove excess or loose 
fibers. Following the break-in period, your manufacturer may recommend grooming your field following 
approximately 60 hours of use or no less than once per month, whichever is first. 

 
Guidelines on hours of play and calculating usage 
1 hour of recreational play = 1 hour of usage Gym classes 
1 hour of moderate play = 2 hours of usage Soccer or lacrosse 
1 hour of aggressive play = 3 hours usage Football, rugby, marching band 

 
Grooming a rectangular field 
Proper grooming is dependent upon your field layout and should be done in the same direction as the seams to avoid 
excess wear on seam areas. For a field that is rectangular in shape, such as football, soccer, lacrosse or field 
hockey, groom the field from sideline to sideline, alternating the direction of travel as shown in the photo below. 
For example: Begin grooming in the direction of the home side and return towards the visiting side on successive 
grooming cycles. 

 

 
Grooming a baseball field 
For a baseball or softball field layout, groom base paths beginning at home plate, moving to first base, second base, 
third base and back to the home plate area similar to the way an athlete would run the bases. Grooming your 
outfield, foul areas and warning tracks as shown below. 

 
 
Infill Displacement 
In areas that receive significant and repetitive play such as goal mouths, foul lines, and penalty kick areas, you may 
notice that the infill will become displaced. This typically occurs over a long period of time in concentrated areas of 
the field due to kicking or other repetitive motions on the surface.  If at any time the infill becomes displaced, simply 



 
 
 

 
 
 
 

brush it back into place using a medium stiff, nylon bristle brush to ensure an even playing surface with the 
remainder of the field. 
It is important to monitor these high use areas on a regular basis to ensure that proper infill levels are maintained 
across the entire surface. Not only can an area low on infill damage the turf fiber and backing in the area from 
excessive wear and tear, but it may also present a safety hazard. 
Infill displacement can also occur when using equipment such as a snow plow on the surface. While the plow is not 
intended to touch the surface during plowing, often times infill will 
inadvertently be picked up during the process. If this happens, simply brush or re-disperse the 
infill evenly onto the field once the snow has melted. 

 
 
Static Electricity 
Static electricity is the accumulation of electrical charges on the surface of a material. It is most likely to form 
when the air is dry or the humidity is low. While it is not harmful, static can be an annoyance to athletes on the 
field. Find a remnant of your synthetic turf approximately 
3’ wide and 3-6’ long and soak the piece in water until it’s saturated. Attach the turf to your 
utility vehicle so that the fiber of the remnant and that of your surface are face to face. Drag it across your field as 
in a typical grooming pattern. Be sure to keep the piece of turf wet at all times to neutralize the charge (re-wet the 
turf roughly 5-6 times for a full size field). For extreme cases, a solution of 1 cup fabric softener to 5 gallons of 
water can also be used. 

 
Grooming after Special Events such as Concerts or Graduation Ceremonies 
It is a good practice to get in the habit of occasionally using a drag magnet on your field to catch debris such as 
bobby pins, earrings or other metallic items that may land on your field of play. These items are potential safety 
hazards and could cause a laceration or more serious injury if protruding from the surface. 



 
 
 

 
 
 
 

 

Appendix H 
Life Cost Table for Synthetic Turf and Natural Grass Fields for MPS 

  



Surface Type
Planning & 

Design Construction Maintenace
Deferred 

Maintenance
Synthetic Grass 60,000$        1,030,000$       10,000$            515,000$        
Natural Grass 12,000$        200,000$          10,000$            -$                 

All costs are for 2015 and are adjusted below for an inflation rate of 4%
Potential costs for City of Minneapolis stormwater utility fee are not included

Time
Synthetic 

Grass Artificial Grass Comment
6 months 60,000$        12,000$            Design
6 months 1,030,000$  200,000$          Construction

Year 1 10,000$        10,000$            Maintenance
Year 2 10,400$        10,400$            Maintenance
Year 3 10,816$        10,816$            Maintenance
Year 4 11,249$        11,249$            Maintenance
Year 5 11,699$        11,699$            Maintenance
Year 6 12,167$        12,167$            Maintenance
Year 7 12,653$        12,653$            Maintenance
Year 8 13,159$        13,159$            Maintenance
Year 9 13,686$        13,686$            Maintenance

Year 10 14,233$        14,233$            Maintenance
Year 10 792,819$      -$                   Refurbish
Year 11 14,802$        14,802$            Maintenance
Year 12 15,395$        15,395$            Maintenance
Year 13 16,010$        16,010$            Maintenance
Year 14 16,651$        16,651$            Maintenance
Year 15 17,317$        17,317$            Maintenance
Year 16 18,009$        18,009$            Maintenance
Year 17 18,730$        18,730$            Maintenance
Year 18 19,479$        19,479$            Maintenance
Year 19 20,258$        20,258$            Maintenance
Year 20 21,068$        21,068$            Maintenance
Year 20 1,173,566$  -$                   Refurbish
Year 21 21,911$        21,911$            Maintenance
Year 22 22,788$        22,788$            Maintenance
Year 23 23,699$        23,699$            Maintenance
Year 24 24,647$        24,647$            Maintenance
Year 25 25,633$        25,633$            Maintenance
Year 26 26,658$        26,658$            Maintenance
Year 27 27,725$        27,725$            Maintenance
Year 28 28,834$        28,834$            Maintenance
Year 29 29,987$        29,987$            Maintenance
Year 30 31,187$        31,187$            Maintenance
Year 30 1,737,164$  -$                   Refurbish
Year 31 32,434$        32,434$            Maintenance



Time
Synthetic 

Grass Artificial Grass Comment
Year 32 33,731$        33,731$            Maintenance
Year 33 35,081$        35,081$            Maintenance
Year 34 36,484$        36,484$            Maintenance
Year 35 37,943$        37,943$            Maintenance
Year 36 39,461$        39,461$            Maintenance
Year 37 41,039$        41,039$            Maintenance
Year 38 42,681$        42,681$            Maintenance
Year 39 44,388$        44,388$            Maintenance
Year 40 46,164$        46,164$            Maintenance
Year 40 2,571,427$  -$                   Refurbish
Year 41 48,010$        48,010$            Maintenance
Year 42 49,931$        49,931$            Maintenance
Year 43 51,928$        51,928$            Maintenance
Year 44 54,005$        54,005$            Maintenance
Year 45 56,165$        56,165$            Maintenance
Year 46 58,412$        58,412$            Maintenance
Year 47 60,748$        60,748$            Maintenance
Year 48 63,178$        63,178$            Maintenance
Year 49 65,705$        65,705$            Maintenance
Year 50 68,333$        68,333$            Maintenance

Totals 8,891,646$  1,738,671$       



 
 
 

 
 
 
 

 
 

Appendix I 
Astroturf's Maintenance Plan for WHS Football Field 









 
 
 

 
 
 
 

Appendix J 
City of Minneapolis Stormwater Utility Fee and Sample Calculation 
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Minneapolismn.gov
Minneapolis Stormwater Utility Fee FAQ

What is Stormwater?

Stormwater is runoff from a rainstorm or melting snow. City landscapes - unlike forests, wetlands, and grasslands that
trap water and allow it to filter slowly into the ground - contain great areas of impermeable asphalt and concrete surfaces
that prevent water from seeping into the ground. Because of this, large amounts of water accumulate above the surface.
This water will run off before eventually entering into our lakes, rivers and streams.

Why is it important to manage stormwater?

Minneapolis, like other communities, needs to manage stormwater to protect people's homes and properties, the
environment, lakes, streams & rivers. If this is not done, stormwater will cause flooding, erosion and pollution. Heavy
rains that flood streets and yards can result in property damage. Stormwater runoff also picks up pollutants and debris
from streets, parking lots & yards, carrying them into our lakes, rivers and streams.

What is the stormwater utility fee on my bill?

The stormwater utility fee pays for the City's current stormwater system and annual maintenance costs. This helps to
prevent and correct stormwater runoff problems in Minneapolis. All properties within City limits (with very limited
exceptions) are charged a monthly stormwater utility fee. This fee had existed prior to 2005, but was included as part of
the combined sanitary sewer/stormwater fee.

Because the stormwater utility fee is a user fee and not a tax, all properties regardless of ownership are required to pay
for the services provided by the Minneapolis stormwater management system. This includes non-profit entities such as
churches, schools and institutions, as well as properties owned by the City of Minneapolis, the State of Minnesota, and
the federal government.

How is the stormwater fee calculated?

The stormwater utility fee is based on impervious area and is charged on a per unit basis. Each ESU ( Equivalent
Stormwater Unit) is 1,530 square feet of impervious area on a property. The impervious area is calculated based on the
size of the property, as well as the current use. Single family properties are billed using one of the following rates:

 

High 1.25 ESU $14.93

Medium 1.00 ESU $11.94

Low .75 ESU $8.96

All other properties are billed as follows: Gross Lot Size in square ft. X Runoff Coefficient (based on Land Use class)
divided by 1,530 square ft = # of ESU’s.

http://www.ci.minneapolis.mn.us/
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What is impervious area?

Surfaces where water can not flow through freely.  Examples of impervious surfaces include, but are not limited to the
following:

House footprints
Driveways
Parking Lots
Sidewalks
Patios
Decks
Detached garages
Sheds
Concrete air conditioner pads
Brick pavers

It also includes all non-improved (vegetated or grass cover) areas that are used for parking storage or are driven upon. In
an urban environment such as Minneapolis, a property’s impervious area is the most significant factor affecting both
stormwater quality and quantity.

Is there a way to reduce my stormwater fee?

Yes. Stormwater fees can be reduced through the City of Minneapolis Stormwater Credits Program. The credits program
offers a reduction in fees to property owners who use approved methods to manage stormwater runoff on their
property. Fees can also be reduced through the replacement of excess impervious area (such as unused parking lots) with
landscaped green space.

How does the City's Stormwater Credits Program encourage helpful environmental
practices?

The stormwater fee incorporates opportunities for property owners to reduce their stormwater bill by taking
environmentally friendly steps. Stormwater utility fee reductions, also called credits, are available to those who are using
or installing stormwater management tools/practices on their properties. Installing rain gardens or other materials, such
as impervious pavers, allows stormwater to soak into the ground, rather than run into storm sewers.

How can I get a stormwater credit on my utility bill?

Credit guidelines and application forms can be found on the on the City of Minneapolis Stormwater Fee website . If you
need additional information, please contact (612) 673-2965.

Last updated Mar 3, 2015

Connect with the City
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A Guide to the Stormwater Quality Credits 
Program   
The Minneapolis Stormwater Quality Credits program 
offers residents and business owners a credit of up to 
fifty percent of monthly stormwater utility charges.   
 
The program encourages City residents to manage 
rainwater and address problems arising from 
stormwater runoff in an urban environment. In 
Minneapolis, and other large cities, large amount of 
impervious surfaces (hard surfaces, such as buildings 
areas, asphalt or cement, heavily compacted soils) 
stop stormwater from being naturally absorbed into the 
ground. The runoff from these areas transports de-
icing salt, metals & petrochemicals from cars, excess 
fertilizer, pet waste and trace amounts from common 
chemicals, to receiving bodies of water.  This is a 
major source of water pollution in urban areas.  In urban environments, the amount of impervious 
area on a property is the most significant factor affecting both the quality and quantity of stormwater 
runoff.   
 
By using stormwater Best Management Practices (also known as BMPs), property owners can 
partially duplicate the effect of the open areas and wetlands, providing natural drainage prior to 
urbanization. The Quality Credits program offers property owners a credit equivalent to fifty percent 
of the stormwater charges for the portion of their impervious area that drains to an approved 
stormwater quality management tool.  Below is a partial list of stormwater BMPs approved for use 
in the Quality Credits program: 
 
• Rain Gardens 
• Pervious Pavers 
• Wet Ponds 
• Dry Wells 
• Sand Filters 
• Filter Strips 
• Infiltration Trenches 
• Green Roofs 
 
While the reduction in charges offered by the Stormwater Quality Credit may not seem large for 
smaller sites, there are other potential benefits to participating in the program. In addition to 
creating a sustainable urban environment, many stormwater BMPs can be built as attractive 
landscape features that add “curbside appeal” and increase property values.  Many realtors state 
well designed landscape projects are one of the best investments property owners can make, 
outperforming the costlier projects such as room additions, or kitchen and bath upgrades. 
Participation in the Stormwater Quality Credits Program by a property owner contributes towards 
the common good and a worthwhile investment for the individual property owner. 
 
Frequently Asked Questions (FAQ)   
Since the inception of the Minneapolis Stormwater Utility Fee in 2005, the Public Works Department 
has responded to thousands of requests for information and reviewed hundreds of Stormwater 
Credit applications. The following page contains answers to some Frequently Asked Questions 
received by staff regarding the Stormwater Quality Credit Program. 
 
1. I don’t see that any rain leaves my yard when it rains. Why don’t my lawn and 

garden areas count as stormwater BMPs? 
While a rain shower of a few tenths to one quarter of an inch may not result in visible runoff, 
there are several reasons that lawns and gardens do not function as adequate stormwater 



BMPs. Typically, soil in a yard is heavily compacted.  The roots of common turf grasses and 
many garden plants are very shallow, therefore not capable of absorbing much moisture. 
During heavy rains, these areas become saturated beyond capacity, not allowing them to retain 
moisture.  This generates runoff that is transported to receiving bodies of water. Stormwater 
BMPs, like rain gardens or sand filters, are designed to allow filtration and infiltration of 
stormwater runoff, thereby helping to reduce the transport of pollutants to area lakes and 
streams. 
 

2. If pervious pavers qualify as a stormwater BMP, why do existing gravel 
driveways or brick patios and sidewalks count as impervious areas? 
For pervious pavers to function effectively, both the surface and subsurface structure must be 
properly designed to allow for infiltration of stormwater runoff.  A gravel driveway lacks this 
required substructure. Because the soils are compacted by vehicles, the surface becomes 
nearly as impervious as asphalt or concrete during a significant rain. For areas paved with 
standard bricks, lack of adequate spacing between individual pavers and the absence of a 
substructure properly designed to allow infiltration, results in a nearly impervious surface.  Only 
those paved areas constructed with materials and techniques specifically designed to act as 
stormwater BMPs qualify for the Stormwater Quality Credits Program. 
 

3. Does a rain barrel qualify as a Stormwater Quality Credit? 
Installation of rain barrels alone does not qualify as a Stormwater BMP.  Rain barrel capacity is 
too small to have an appreciable effect on the quality of stormwater runoff from a site.  During a 
one-inch rain storm, a 1,000 S.F. area will generate over 700 gallons of water and with an 
average capacity of approximately 50 gallons.  Typical rain barrels are unable to adequately 
treat this amount of runoff, even if more than one is installed. By providing water to irrigate 
gardens between rains, rain barrels are still an environmentally sound and useful tool for water 
conservation. 
 

4. The City recently required me to disconnect my gutters from the sanitary sewer 
system.  Do I get a credit for this on my monthly stormwater bill?   
There is no relation between the Rainleader Disconnect requirement and Stormwater Utility 
fees.  Compliance does not qualify a property to receive Stormwater Quality Credits.  Roof 
drains, gutters and area drains connected to the sanitary sewer can cause the amount of flow 
to exceed the capacity of the sanitary system.  This could result in the overflow of raw sewage 
directly to area streams and rivers. Removing these connections (as well as sump pump and 
other “clear water” connections) address both environmental and public health concerns, and 
are also mandated by the Metropolitan Council, Minnesota State Government and Minneapolis 
City Ordinances.    

Stormwater Quality Credits Application Form instructions 
Introduction: To qualify to receive a Stormwater Quality Credit for your property, you need to 
submit a completed credit application form.  This should include a scaled map showing the location 
of impervious areas and stormwater BMPs installed on the property. The map must identify which 
portions of the impervious areas drain to which BMPs.  Include arrows to show the general direction 
of flow.  While there are several ways to create an acceptable map, the easiest way is to draw a 
map on square grid notebook paper as shown in the example on the following page.



The Property Map    
The example map shown below is one that could be drawn on an 8 ½” x 11” sheet of grid paper, 
displaying a Stormwater BMP plan for a typical single family home.  This map shows a rain garden 
and two dry wells that treat the runoff from the roof of the house and part of the garage. Because 
the rain garden is located away from the garage, a dry creek bed (usually a heavy plastic liner 
covered with decorative rock) conveys water from a downspout to the rain garden. The 
measurements on the map are the same as those used for all of the examples used in these 
instructions. Refer back to the map example when completing the form. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Application Form 
Section I – Contact & Account information 
Provide the name, mailing address, telephone number and email address of the applicant. Include 
the property address for the credit site and Property Identification Number (PIN). Also include 
monthly utility bill account number and the amount of your current stormwater charges. 
1 The Property Identification Number (PIN) can be found on the City’s property information web site. Go to: http://www.ci.minneapolis.mn.us/propertyinfo/  and follow 
the instructions to search the site. Property ID is the same as your PIN. 
 

Section II - Measuring the impervious area on your property 
To determine what portion of the property is impervious, measure (in S.F.) the building footprint, 
any patios or decks, sidewalks (do not include public sidewalk along the street), garage or parking 
areas, driveways or any hard surface. Enter the figures for each category, totaling in the 
appropriate boxes. 
 
Example: 

1 
To calculate the 
total number of 
square feet, 
multiply the length 
of any structure or 
paved area on 
your property by 
its width. For 
example, a 20’ x 
30’ house would 
have 600 square 
feet of impervious 
area (20’ x 30’ = 
600 S.F.). 

Measure all impervious areas; add them together to determine your property’s total impervious area. 
 
The figure of total impervious area on your property will be used to verify current information on the 
account, calculating the percentage of your Stormwater Quality Credit. 
 

Section III - Verify Current Stormwater Charges 
The monthly charge for stormwater accounts is listed in terms of Equivalent Stormwater Units, or 
ESU. An ESU is equal to 1,530 S.F. of impervious area, which is the average total impervious 
square footage on a single family lot in Minneapolis. To determine the initial ESU rate for your 
account, the City used data from Hennepin County and Minneapolis Assessor’s offices. This data 
contained data on the total lot size, ground-floor building square footage, garage size and other 
improvements on the property. These records may not reflect current property conditions, such as 
recent driveway or sidewalk additions. A current total is needed to verify the correct level of charges 
and to calculate and apply the credit. Use the total impervious area you recorded in Section II to 
verify the charges as shown below.  
 
Single Family Homes: 
Monthly bills for single family homes are divided into three rate groupings. If your property is a 
single family home, find the grouping your impervious area belongs in the table below.  Enter the 
ESU and monthly charge figures for that group in the appropriate boxes in Section III on the form: 
 

Group 1: Less than 1,485 S.F. 0.75 ESU  $8.96 per month 
Group 2: 1,486 to 1,585 S.F. 1.00 ESU  $11.94 per month 
Group 3: 1,586 S.F. or more 1.25 ESU $14.93 per month 

 
Example: Using the figure of 1,574 S.F. from the example for Section II – 1,574 is more than 1,485, 
but less than 1,585, so a single family home with 1,574 S.F. of impervious area would fit in Group 2, 
resulting in a rate of 1.0 ESU and charges of $11.94 per month. 
 
 
 
 
 

Square feet home/building 910.0 
Square feet patio/deck   
Square feet sidewalk 144.0 
Square feet garage 325.0 
Square feet parking/driveway 195.0 
Square feet other ________________   
Total square feet of impervious area 1,574.0 

http://www.ci.minneapolis.mn.us/propertyinfo/


For all other properties  
For all properties other than single family homes, including duplexes & apartments, divide the total 
impervious area by 1,530 according to the chart in Section III to determine the ESU rate and 
monthly charges for your account.   
 
Example: For a small business or apartment building with 3,577.5 S.F. of impervious area – 3,577.5 
divided by 1,530 = 2.34, resulting in a rate of 2.34 ESU and charges of $27.94 per month.1 
1 In 2015, the monthly charge for Stormwater Utility fees is $11.94 per ESU, so a small business with 2,295 S.F. of impervious area would be charged for 1.5 ESUs or 
$17.91 per month (2,295 divided by 1,530 = 1.5 or 1.5 ESU).   

 
Section IV - Stormwater BMPs & Treated Areas 
The table for Section IV is similar to the table in Section II for total impervious areas. However, 
there is an additional column to list the stormwater BMPs you have installed for the credit. In this 
table, only list the portion of your impervious areas that drain to your Stormwater BMP.  
 
Example: Using figures for a site with 1,574 total impervious area as used in the example map. 
 

Impervious Areas  Square Feet  Stormwater BMPs 
Square feet home/building 860 Rain Garden – Dry wells 
Square feet patio/deck     
Square feet sidewalk     
Square feet garage 163 Rain Garden 
Square feet parking/driveway     
Square feet other _______________     
Total square feet of impervious area 1,023   

 
 
Section V - Calculate the Percentage of Impervious Area Treated 
To fill the Section V table, divide the total area draining to Stormwater BMPs from Section IV by the 
figure for total impervious area from Section III.  This will give you the percentage of impervious 
area treated by Stormwater BMPs. 
 
Example: Divide the 1,023 S.F. in treated impervious area by 1,574 S.F. total impervious area. 
This equals 0.6499, which equals 65%. Enter these figures in the table for Section V as shown 
below. 
 

Total areas draining to 
BMPs (from Step IV)                                           

---------------------------------
---------------------------------

--------1,023 S.F.    

Divided by total 
impervious area             

--      (from Step III)-------
--------------------------------

-1,574 S.F. 

Equals % of impervious area --
---------treated for quality--------
-----------------                        ----

-------------------                      
0.6499 = 65% 

 



Section VI - Calculating Percentage Reduction in Stormwater Utility Fees 
Since the Stormwater Quality Credit equals 50% of the fee for the area treated by Stormwater 
BMPs, divide the percentage of treated impervious area by 50% to calculate the percent reduction 
in monthly Stormwater Utility Fees. 
 
Example: 65% divided by 50% equals 32.5 %. Enter these figures in the table as shown below. 
 
 

Percent of impervious area          
---treated for quality                  

----------------------------------------
----------------------------------------

65% 

Divided by 50% equals 
        percent reduction in                
-      stormwater utility fee-------
--------------       ---                                               
----------0.325 = 32.5% 

 
 

Section VII - Ratepayer Certification 
The purpose of this section is to certify that the Stormwater BMPs have been properly installed and 
to grant City of Minneapolis inspectors the right to enter the property for verification. Sign and date 
the completed Stormwater Quality Credit Application.  Mail the application to the address shown on 
page. If you need further assistance, please contact Stormwater Utility Administration at 612-673-
2965. 
 



   

  
 

Application for Stormwater Quality Credit 
 
  
  

Check when 
attached Materials Required for Application to be Processed  

  
  Completed and signed application must include: 

• Current account information 
• Calculations for your site’s pervious and impervious areas 

  Property map:   
• Map must be to scale 
• Map must show impervious area 
• Map must indicate how stormwater drains to stormwater BMP 

 
Submit Applications to:  

 
This application must be completed and signed before it will be processed.   When completed, send 
application and all attachments to:  

City of Minneapolis Stormwater Credits  
Room 300, 309 Second Ave S 
Minneapolis, MN 55401-2238   

   
If you have questions, please call: Stormwater Utility Office (612) 673-2766  
  
I - Contact & Account Information  
 
Property Owner Name   
Mailing Address   
City, State, ZIP Code   
Home/Personal Phone   
Work Phone   
Email Address   
Property Address   
Street Address   
City, State, ZIP Code   
Property Identification Number (PIN)   
Utility Account Number   
Current Monthly Stormwater Charge   

Materials required to complete application  

II - Measure the impervious area on your property  



Square feet home/building  
Square feet patio/deck  
Square feet sidewalk  
Square feet garage  
Square feet parking/driveway  
Square feet other ________________  
Total square feet of impervious area  

 
 

Total Impervious Area 
(from Step II) 

Divided by 1,530 
(See note for single family homes) Times $11.94 

 
=____________S.F. 

 
=____________ ESU = $________per month 

 
 
Note: Single family homes are divided into three classes for Equivalent Stormwater Units (ESU). If 
property is a Single Family Home, use the following figures to enter the ESU in the table above. 
 
Single family homes: 
• If less than 1,485 total impervious S.F.  enter .75 for ESU 
• If 1,485 to 1,585 total impervious S.F.  enter 1.00 for ESU 
• If more than 1,585 total impervious S.F.  enter 1.25 for ESU 
 
All other properties, calculate the ESU according to the table instructions. 
 

    Impervious Areas Square Feet Stormwater BMPs 
 Square feet home/building     
 Square feet patio/deck     
 Square feet sidewalk     
 Square feet garage     
 Square feet parking/driveway     
 Square feet other ________________     
 Total square feet of impervious area     

 

Determine what portion of this property is impervious area (see instruction guide for definition).   

III - Verify the Current Stormwater Charges 

Fill out the table below to verify the current stormwater charges for your property. 

IV - Stormwater Management Tools/Practices (Stormwater BMPs) 
Fill out the table below to calculate the amount of impervious area that drains to a stormwater 
management tool/practice (see instruction guide for a list of tools and practices).  



 
V - Section V. Calculate the Percentage of Impervious Area Treated 
Calculate the percentage of the impervious area that drains to your stormwater management 
tools/practices.  See instruction guide for more details.  

 
Total areas draining to BMPs 

(from Step IV ) 
  

_________  

  
Divided by total impervious 

area (from Step III)  
 

_______     
  

  
Equals % of impervious area 

treated for quality  
  

________________     
  

   
  

VI - Calculate Percentage Reduction in Property’s Stormwater Utility Fee  
Calculate the percentage of the impervious area that drains to your stormwater management 
tools/practices.  See instruction guide for more details.  

  
% of impervious area treated for 

quality  
  
  

_________ 

  
Divided by 2 

  
  

________     
  

  
Equals % reduction/credit in property’s 

stormwater utility fee   
  
  

______________     
  

  
VII. Ratepayer Certification 
 
By signing this application, I certify that I am the owner or authorized representative of the owner 
and have read this application and understand the terms and conditions of the credit program. I 
certify this application and additional materials accurately describe stormwater management and 
disposal on the property identified on this application. I grant the City of Minneapolis permission to 
enter this property for the sole purpose of conducting a site inspection of the stormwater 
management and disposal facilities on this property. 
 

   
____________________________  
   Signature  

  
_________________________  
    Print Name  

 _________________ 
  Date  

 
  

  

  
 



Sample Calcs for Stormwater Fees Quality Credit 
 
Known 
- Per conversation with Diane Thorpe on September 2015, it does not appear that the Washburn high 
school athletic field is charged a stormwater quality credit. 
 
- Formula for a larger property per City of Minneapolis website: 
 
Method 1 
 Gross Lot Size [SF] x Runoff Coefficient/1530 SF * $11.94/month 
 
Method 2 
  Gross Lot Size [SF] x % Impervious/1530 SF * $11.94/month 
 
Assumptions 
- From previous calcs, I assume Method 1 is used 
- Assuming a runoff coefficient of 0.60 per the MnDOT Drainage Manual 
 
 100,000 SF x 0.60/1530 SF x $11.94 per month = $1300 per month 
 
 
- Guestimate that the total impervious area is 80% 
 
 100,000 SF/1530 SF x 80% x $11.94 = $475 per month; $5500 per year 
 
Note:  A 50% reduction of fee is available if the stormwater is treated.  Another 50% reduction if a 10-
year, 24 hour Type 2 storm event is retained on site.  For Minneapolis, this is approximately a 4.15-inch 
event. 
 
The stormwater quality credit equals 50% of the fee for the area treated by the stormwater.  Therefore the 
maximum amount we can receive is 50% of $475 per month; ~ $238  per month;$2856 annually.  This is 
for the quality credit.  The other 50% can be obtained by the quantity credit.   
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ASTM F1936 - Standard Specification for Impact Attenuation of Turf Playing Systems as Measured in the Field 

  



Designation: F1936 − 10´1
An American National Standard

Standard Specification for
Impact Attenuation of Turf Playing Systems as Measured in
the Field1

This standard is issued under the fixed designation F1936; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

ε1 NOTE—Editorially corrected 8.3 in October 2014.

INTRODUCTION

The impact attenuation of turf playing systems can be measured in a laboratory, but such tests are
often conducted under optimal or tightly controlled conditions. To accurately assess the impact
attenuation an athlete will encounter on an installed field, that specific field must be tested in situ. That
objective was the impetus for the development of this specification. Initially, the stated scope of the
specification was limited to measuring the impact attenuation of North American football fields. The
scope of the current revision encompasses a broader range of sport-specific field configurations and
a protocol for conducting tests on multi-sport fields.

1. Scope

1.1 This specification establishes an in situ test method and
maximum impact attenuation value for all types of turf playing
systems and for a number of sport-specific field layouts. It also
includes a protocol for determining test point locations on
fields that are lined for multiple sports.

1.1.1 Turf playing systems may be located outdoors or
indoors, and typically include field areas within the in-bounds
lines and areas outside the in-bounds lines extending to
sport-specific limit lines; areas where an athlete should expect
to encounter impact attenuation performance that complies
with this specification.

1.1.2 Site-specific conditions may exist wherein non-turf
surface materials, such as track surfacing and/or covers over
subsurface structures, are found within the boundaries of the
limit lines. These alternate surface materials are not included in
the scope of this specification.

1.2 This specification establishes a method for reporting test
results and identifying areas within an existing turf playing
system where impact attenuation measurements exceed re-
quired threshold values.

1.3 Nothing in this specification is intended to impose
limitations on what fields can be tested, or how a particular

field can be used. Test providers can adapt the procedures and
guidelines contained herein to tests performed on any turf
playing system.

1.4 This specification does not imply that an impact-related
injury cannot be incurred if a turf playing system complies with
its g-max performance requirement.

1.5 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

F355 Test Method for Impact Attenuation of Playing Surface
Systems and Materials

F1292 Specification for Impact Attenuation of Surfacing
Materials Within the Use Zone of Playground Equipment

F1551 Test Methods for Comprehensive Characterization of
Synthetic Turf Playing Surfaces and Materials

F1702 Test Method for Measuring Impact-Attenuation Char-
acteristics of Natural Playing Surface Systems Using a

1 This specification is under the jurisdiction of ASTM Committee F08 on Sports
Equipment, Playing Surfaces, and Facilitiesand is the direct responsibility of
Subcommittee F08.65 on Artificial Turf Surfaces and Systems.

Current edition approved May 1, 2010. Published July 2010. Originally approved
in 1998. Last previous edition approved in 2007 as F1936 – 07ε1. DOI: 10.1520/
F1936-10E01.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

1
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Lightweight Portable Apparatus
F2650 Terminology Relating to Impact Testing of Sports

Surfaces and Equipment

2.2 ISO Standard:
ISO 6587 Paper, board and pulps – Determination of con-

ductivity of aqueous extracts3

NOTE 1—Additional references are listed at the end of this specification.

3. Terminology

3.1 Definitions: Except as noted, definitions in this standard
are in accordance with Terminology F2650.

3.1.1 abnormal drop—any drop of the missile which, due to
operator or equipment problem(s) or uncertainty, results in a
reading which is questionable.

3.1.2 average g-max—sum of the g-max of the second and
third drops divided by two and rounded to the nearest whole
number.

3.1.3 combination turf system—a turf playing system con-
sisting of a natural turf surface which is enhanced by use of
synthetic elements such as synthetic turf substructures, exclud-
ing water/drainage systems and single layer mesh fabrics,
which are used for the sole purpose of soil stabilization.

3.1.4 drop test—a set of three successive drops of the impact
missile at a test point, where each drop has been performed and
recorded in accordance with prescribed guidelines.

3.1.5 infill turf system—a turf playing system having a long
pile height and one or more substances in the face of the fabric
to provide desired performance properties. Infill materials can
include sand, rubber, other substances, or combinations
thereof.

3.1.6 impact velocity—the velocity of the missile as it
impacts the turf playing system.

3.1.7 limit lines—limits beyond the in-bounds boundaries
that represent the extent to which the out-of-bounds areas
should remain free of hazards and obstructions, and where an
athlete may anticipate consistent surface characteristics. These
limits are defined by the appropriate governing body or
regulating standard for each specific sport.

3.1.8 natural turf system—a turf playing system which is
comprised of living grass or similar plant materials which are
rooted in soil.

3.1.9 pile—a surface texture composed of many individual
thin strands or groups of strands bound to a backing fabric in
a repetitive array.

3.1.10 pile layover—a horizontal motion of the pile under
the influence of impact.

3.1.11 restraining ring—a rigid circular device with a
smooth or polished surface, creating little or no friction, used
to restrict the horizontal movement of the missile at impact.

3.1.12 synthetic turf system—a composite of synthetic con-
tact surface material, any fill material used in the contact

surface, energy absorbing material, fabric layers, adhesives, if
any, and other constructed layers (as applicable to the indi-
vidual system).

3.1.13 test point—a location on the turf playing system at
which a series of measurements is taken.

3.1.14 theoretical drop height—the drop height (h) that,
under standard conditions, would result in an impact velocity
equal to a missile’s measured impact velocity (Vo).

4. Summary of Test Method

4.1 Turf playing systems are tested according to this speci-
fication and Test Method F355, Procedure A. A theoretical drop
height of 24 in. (61 cm), as measured from the bottom of the
missile face to the top of the turf playing system, shall be used.
At each test point, the impact missile is dropped onto the turf
playing system three times, with an interval of 1.0 6 0.5 min
(60 6 30 s) between successive drops. The g-max value for
each drop is recorded and reported. Following the third drop,
the average g-max value for the test point is calculated and
reported.

5. Significance and Use

5.1 Data obtained from the use of this specification are
indicative of the impact attenuation performance of individual
test points on an installed turf playing system. The data may be
used to make comparisons between values measured in accor-
dance with this specification and performance requirements
herein or elsewhere specified. Data may also be used to
determine the need for maintenance and or replacement of the
turf playing system.

6. Performance Requirements

6.1 When tested in accordance with this specification, the
average g-max at each test point shall be less than 200 g’s.

6.2 If a turf playing system is tested in accordance with this
specification, and the reported average g-max of one or more
test points is equal to or greater than 200 g’s, the turf playing
system should be brought into compliance and should not be
used in the interim.

6.3 Nothing in this specification is intended to keep an
owner, architect, engineer or other specifier from establishing
more stringent performance requirements for a turf playing
system. However, reports prepared in accordance with this
specification shall assess performance per the requirements
described in 6.1 and 6.2.

7. Test Apparatus

7.1 The impacting missile shall be cylindrical with a
circular, flat, metal, impacting surface. It shall weigh 20 lb (9.1
kg), and have a 20 in.2 (129 cm2) surface face with the
impacting edges slightly beveled to eliminate sharp edges. The
design of the missile shall provide for mounting the acceler-
ometer within 61° of the vertical axis of the missile, and allow
the missile to achieve a velocity of 11.35 6 0.56 ft/s (3.46 6

0.17 m/s) (referenced in Section 27 of Test Methods F1551 as
the velocity corresponding to a theoretical drop height of 24 in.
(61 cm) at sea level) upon impact from the drop height.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.
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7.2 To restrict the influence of pile layover, the test equip-
ment shall be designed to include a rigid restraining ring with
a smooth or polished surface, creating little or no friction,
having an interior dimension not to exceed the diameter of the
missile by more than 0.039 in. (1 mm). The ring shall be
securely mounted horizontal to the surface such that a mini-
mum of 1⁄4 of the missile shall freely pass through it prior to
striking the surface, ensuring a vertical impact and precluding
the missile’s rebound onto the top of the ring. Other guidance
systems can be utilized, provided they do not allow lateral
movement greater than 0.039 in. (1 mm) upon impact and
rebound of the missile.

7.3 The test equipment shall have sufficient stability to
eliminate undesirable vibrations in the apparatus which might
be recorded on the acceleration-time curve. It shall also allow
sufficient vertical fall for the missile to achieve a velocity
corresponding to a theoretical drop height of 24 in. (61 cm).

7.4 The signal from the acceleration transducer shall be
conditioned with a low pass filter: complying to Channel Class
1000 as specified in Specification F1292 (ISO 6587).

7.5 The acceleration recording system must be capable of
accurately resolving the deceleration to a minimum of 61 % of
true value.

7.6 The acceleration transducer must be capable of with-
standing impacts of at least 1000 g without damage.

7.7 The minimum required system sampling rate is 20 000
Hz.

7.8 The test equipment shall be capable of visually display-
ing and recording the acceleration-time curve of each drop.

NOTE 2—The Clegg Hammer, as defined in Test Method F1702, is not

an appropriate device for testing under this specification. Results obtained
with a Clegg Hammer and subsequently adjusted by conversion factors or
regression equations are not appropriate for inclusion in a report prepared
in accordance with this specification.

8. Test Point Locations

8.1 The following sections describe suggested test point
locations for each listed field configuration. The descriptions
are supplemented by accompanying illustrations. The number
of test points listed for each field configuration constitutes a
minimum requirement. As noted in 8.11, additional points may
be tested.

8.1.1 On fields lined for multiple sports, the selection of test
point locations will be determined by the sport which appears
first on the following list: football (American football, Cana-
dian football, and rugby), soccer, men’s lacrosse, women’s
lacrosse, baseball, softball, field hockey.

8.1.2 Actual drop sites may be located anywhere within a 36
in. (91 cm) radius of a described test point location. Deviations
that exceed this requirement must be recorded as site
abnormalities, per 11.1.15.

8.1.3 This specification cannot anticipate all possible field
configurations. Persons using it are expected to select the most
appropriate set of test points for the field being tested, from
among the options specified below.

8.2 Football (American football, Canadian football, and
rugby) (see Fig. 1):

8.2.1 Point 1—Goal Line, End A, center of field;
8.2.2 Point 2—10 Yard Line, End A, 63 ft from center of

field to Side C;
8.2.3 Point 3—25 Yard Line, End A, 40 ft from center of

field to Side C;

NOTE 1—Test points 7 and 8 are shown for information purposes only. Actual locations are selected at the time of the test and may vary from those
illustrated.

FIG. 1 Test Point Locations for North American Football
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8.2.4 Point 4—Center of the field;
8.2.5 Point 5—25 Yard Line, End B, 63 ft from center of

field to Side D;
8.2.6 Point 6—12 Yard Line, End B, center of field;
8.2.7 Point 7—A test point selected by the tester, with the

objective of identifying and testing a high-wear area located
within the limit lines but outside the in-bounds lines;

8.2.7.1 Football limit lines are typically 12 ft beyond the
in-bounds lines.

8.2.8 Point 8—A test point selected by the tester, with the
objective of identifying and testing an area within the limit
lines (to include the in-bounds area) that may have different
impact attenuation performance than points previously tested;

8.2.9 Point 9—6 ft from the Goal Line to the back of the
End Zone, End A, center of field;

8.2.10 Point 10—6 ft from the back of the End Zone to the
Goal Line, End B, center of field.

8.2.11 If the field is lined for Canadian football or rugby and
not for American football, refer to 8.9.1 for instructions
regarding test point placement.

8.3 Soccer (see Fig. 2):
8.3.1 Point 1—Penalty Mark, End A, center of field;
8.3.2 Point 2—Corner of Penalty Area at End A and closest

to Touch Line C;
8.3.3 Point 3—75 ft from Halfway Line to End A, 40 ft from

center of field to Touch Line C;
8.3.4 Point 4—Center Mark;
8.3.5 Point 5—75 ft from Halfway Line to End B, 63 ft from

center of field to Touch Line D;

8.3.6 Point 6—1⁄2 the distance from Penalty Arc to leading
edge of Penalty Area at End B, center of field;

8.3.7 Point 7—A test point selected by the tester, with the
objective of identifying and testing a high-wear area located
anywhere within the limit lines, but outside the in-bounds
lines:

8.3.7.1 Limit lines are 10 ft beyond the in-bounds lines on
high school soccer fields, and 20 ft beyond the in-bounds lines
on NCAA soccer fields.

8.3.8 Point 8—A test point selected by the tester, with the
objective of identifying and testing a point within the limit
lines (to include the in-bounds area) that may have different
impact attenuation performance than points previously tested;

8.3.9 Point 9—3 ft from Goal Line to Halfway Line, End A,
center of field;

8.3.10 Point 10—15 ft from Goal Line to Halfway Line,
End B, center of field.

8.3.11 If the field is less than 300 ft in length or less than
120 ft in width, or both, refer to 8.9.2.

8.4 Men’s Lacrosse (see Fig. 3):
8.4.1 Point 1—25 ft from Goal Line to End Line, End A,

center of field;
8.4.2 Point 2—63 ft from mid-point of Goal Line to Sideline

C, End A;
8.4.3 Point 3—75 ft from Center Line to End A, 40 ft from

center of field to Sideline C;
8.4.4 Point 4—Center of the field;
8.4.5 Point 5—75 ft from Center Line to End B, 63 ft from

center of field to Sideline D;

NOTE 1—Test points 7 and 8 are shown for information purposes only. Actual locations are selected at the time of the test and may vary from those
illustrated.

FIG. 2 Test Point Locations for Soccer
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8.4.6 Point 6—3 ft from Goal Line to Center Line, End B,
center of field;

8.4.7 Point 7—A test point selected by the tester, with the
objective of identifying and testing a high-wear area located
anywhere within the limit lines, but outside the in-bounds
lines;

8.4.7.1 No limit lines are specified for men’s lacrosse fields.
Use the 18 ft width of the Coach’s Area as the maximum
distance from the inbounds lines for test points 7 and 8.

8.4.8 Point 8—A test point selected by the tester, with the
objective of identifying and testing a point within the limit
lines (to include the in-bounds area) that may have different
impact attenuation performance than points previously tested;

8.4.9 Point 9—3 ft from the End Line to the Center Line,
End A, center of field;

8.4.10 Point 10—3 ft from the End Line to the Center Line,
End B, center of field.

8.5 Women’s Lacrosse (see Fig. 4):
8.5.1 Point 1—3 ft from Goal Line to Center Line, End A,

center of field;
8.5.2 Point 2—30 ft from Goal Line at End A to Center

Line, 63 ft from center of field to Side C;
8.5.3 Point 3—75 ft from Goal Line at End A to Center

Line, 40 ft from center of field to Side C;
8.5.4 Point 4—Center of the field;
8.5.5 Point 5—75 ft from Goal Line at End B to Center

Line, 63 ft from center of field to Side D;
8.5.6 Point 6—3 ft from 8-Meter-Arc to Goal Line, End B,

center of field;

8.5.7 Point 7—A test point selected by the tester, with the
objective of identifying and testing a high-wear area located
anywhere within the boundary lines but outside the lined area
of the field;

8.5.7.1 Limit (boundary) lines on women’s lacrosse fields
are variable. The location of the limit lines will be determined
by conditions at each test site.

8.5.8 Point 8—A test point selected by the tester, with the
objective of identifying and testing a point within the boundary
lines (including the field of play) that may have different
impact attenuation performance than points previously tested.

8.5.9 Point 9—3 ft from the End Line at End A to Center
Line, center of field;

8.5.10 Point 10—3 ft from the End Line at End B to Center
Line, center of field.

8.6 Field Hockey (see Fig. 5):

8.6.1 Point 1—3 ft from Goal Line to Center Line, End A,
center of the field;

8.6.2 Point 2—30 ft from Goal Line at End A to Center
Line, 63 ft from center of the field to Sideline C;

8.6.3 Point 3—25 Yard Line, End A, 40 ft from center of
field to Sideline C;

8.6.4 Point 4—Center of the field;
8.6.5 Point 5—25 Yard Line, End B, 63 ft from center of

field to Sideline D;
8.6.6 Point 6—12 ft from edge of Striking Circle to Goal

Line, End B, center of field;

NOTE 1—Test points 7 and 8 are shown for information purposes only. Their locations are selected at the time of the test.
FIG. 3 Test Point Locations for Men’s Lacrosse
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NOTE 1—Test points 7 and 8 are shown for information purposes only. Their locations are selected at the time of the test and may vary from those
illustrated.

FIG. 4 Test Point Locations for Women’s Lacrosse

NOTE 1—Test points 7, 8, 9, and 10 are shown for information purposes only. Their locations are selected at the time of the test and may vary from
those illustrated.

FIG. 5 Test Point Locations for Field Hockey
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8.6.7 Point 7—A test point selected by the tester, with the
objective of identifying and testing a high-wear area located
anywhere within the limit lines, but outside the in-bounds
lines;

8.6.7.1 Limit lines are 15 ft outside the in-bounds lines on
field hockey fields.

8.6.8 Point 8—A test point selected by the tester, with the
objective of identifying and testing a point within the limit
lines (to include the in-bounds area) that may have different
impact attenuation performance than points previously tested;

8.6.9 Point 9—A test point selected by the tester, with the
objective of identifying and testing a high-wear area located
anywhere within the limit lines, but outside the in-bounds
lines;

8.6.10 Point 10—A test point selected by the tester, with the
objective of identifying and testing a point within the limit
lines (to include the in-bounds area) that may have different
impact attenuation performance than points previously tested.

8.7 Unlined Fields (see Fig. 6):
8.7.1 Point 1—145 ft from mid-point of base line to End A,

on base line;
8.7.2 Point 2—124 ft from mid-point of base line to End A,

63 ft from base line to Side C;
8.7.3 Point 3—75 ft from mid-point of base line to End A,

40 ft from base line to Side C;
8.7.4 Point 4—Mid-point of the base line;
8.7.5 Point 5—75 ft from mid-point of base line to End B,

63 ft from base line to Side D;
8.7.6 Point 6—114 ft from mid-point of base line to End B,

on base line;
8.7.7 Point 7—A test point selected by the tester, with the

objective of identifying and testing a high-wear area located
anywhere within the turf playing system;

8.7.8 Point 8—A test point selected by the tester, with the
objective of identifying and testing a point within the turf
playing system that may have different impact attenuation
performance than points previously tested.

8.7.9 Point 9—155 ft from mid-point of base line to End A,
on base line;

8.7.10 Point 10—155 ft from mid-point of base line to End
B, on base line.

8.7.11 If the turf playing system is not rectangular, or it is
less than 310 ft in length or 126 ft in width, refer to 8.9.6.

8.8 Baseball and Softball (see Fig. 7):
8.8.1 Point 1—25 ft from the tip of Home Plate to the center

of the Pitcher’s Mound;
8.8.2 Point 2—6 ft from 1st Base to 2nd Base;
8.8.3 Point 3—3 ft from 2nd Base to 1st Base;
8.8.4 Point 4—4 ft from 3rd Base to 2nd Base;
8.8.5 Point 5—Perpendicular to the mid-point of 3rd Base

Line, half the distance from the Base Line to the Left Field
fence or boundary line;

8.8.6 Point 6—Halfway from 2nd Base to the Center Field
fence or boundary line, in line with Home Plate;

8.8.7 Point 7—Perpendicular to the mid-point of 2nd Base
Line, half the distance from the Base Line to the Right Field
fence or boundary line;

8.8.8 Point 8—20 ft from the Left Field fence or boundary
line toward 2nd Base, in line with 1st Base;

8.8.9 Point 9—A test point selected by the tester, with the
objective of identifying and testing a high-wear area located
anywhere in foul territory (to include infield areas that are
outside the Base Lines);

8.8.10 Point 10—A test point selected by the tester, with the
objective of identifying and testing a point within the turf

NOTE 1—Test points 7 and 8 are shown for information purposes only. Their locations are selected at the time of the test.
FIG. 6 Test Point Locations for Unlined Fields
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playing system that may have different impact attenuation
performance than points previously tested.

8.8.11 If any of the test points listed above is located on a
“skinned” surface (dirt instead of turf), refer to 8.9.4.

8.8.12 If there is no outfield fence or boundary line, refer to
8.9.5.

8.9 Exceptions:
8.9.1 For fields configured exclusively for Canadian foot-

ball or rugby, or where Canadian football or rugby has the
highest relative priority (see 8.1.1), adjust the test point
locations in 8.2 as follows:

8.9.1.1 On fields lined for Canadian football, move test
points 1, 2, 3, 5, 6, and 9 15 ft toward the Center Line and
move test point 10 45 ft toward the Center Line. (Test point 9
will no longer be located in the End Zone.)

8.9.1.2 On fields lined for rugby, position each test point
using the dimensions described in 8.2 as applied to an
American football field layout. For example, test point 1 will
be located 150 ft from the Center Line to End A, center of field.

8.9.2 On soccer fields that are less than 300 ft in length or
less than 120 ft in width, or both, make the following
adjustments to the test point locations described in 8.3:

8.9.2.1 If the field is less than 300 ft in length, position test
point 3 so it is 1⁄2 the distance from the Half Way Line to the

leading edge of the Penalty Box at End A, and position test
point 5 so it is 1⁄2 the distance from the Half Way Line to the
leading edge of the Penalty Box at End B.

8.9.2.2 If the field is less than 120 ft in width, position test
point 2 so that it is 1⁄4 the distance from Touch Line C to center
of field.

8.9.3 On baseball or softball fields where there are multiple
infield configurations (base path options) the tester will select
one of the configurations as the basis for locating the test
points. The report will note the configuration selected.

8.9.4 On baseball or softball fields where some or all of the
infield is “skinned” (dirt instead of turf) select alternate
locations for test points 1, 2, 3 and 4, as appropriate.
(“Skinned” surfaces are not included in the scope of this
specification.)

8.9.5 On baseball or softball fields where there is no outfield
fence or other clear indication of the boundary of the outfield
turf, select and record locations for test points 5, 6, 7, and 8 that
are appropriate to the site. Note the absence of an outfield
boundary as an exception per 11.1.15.

8.9.6 In cases where a field is unlined, the tester will utilize
the test points described in 8.7. To facilitate that effort, Fig. 6
depicts the location of each test point relative to a base line that
is parallel to the long axis of the field and which bisects the

NOTE 1—Test points 9 and 10 are shown for information purposes only. Their locations are selected at the time of the test and may vary from those
illustrated.

FIG. 7 Test Point Locations for Baseball and Softball
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ends of a rectangular field. Locate test point 7 anywhere within
the turf playing system. The fact that the field is unlined will be
noted as an exception, per 11.1.15.

8.9.6.1 If the unlined field is not rectangular, situate the base
line as appropriate to the configuration of the test site.

8.9.6.2 When using the test points described in 8.7 on a field
that is less than 310 ft in length or less than 126 ft in width, or
both, adjust test point locations as necessary.

8.9.7 On fields where the area outside the in-bounds lines is
inappropriate for testing, test points that are supposed to be
outside the in-bounds lines will be positioned within the
in-bounds area and noted as exceptions per 11.1.15.

8.10 This specification cannot anticipate all possible excep-
tions. Persons using the specification are expected to resolve
unforeseen exceptions in a manner consistent with the proce-
dures and objectives contained herein.

8.11 Additional test points may be selected by the tester or
required by the client. Additional test points within prescribed
limit lines shall be tested in accordance with this standard and
shall be subject to performance requirements herein or else-
where specified.

NOTE 3—Test point locations are intended to assess the overall
condition and typical “wear points” of a field (see Figs. 1-7).

9. Test Procedure

9.1 Prior to each series of tests, at least one drop test, as
defined in 3.1.4, will be performed on a reference surface with
known impact attenuation performance. The results of the drop
test(s) will be compared to the established value for the
reference surface, to ensure that the test equipment is perform-
ing within acceptable limits. If the g-max value for the drop
test(s) varies by more than 65.0% from the g-max value
established for the reference surface, the test equipment will
not be used until such time as a subsequent drop test shows it
is operating within the 65.0% tolerance limit.

9.1.1 The drop test(s) should be conducted in a controlled
setting to ensure that site conditions do not contribute to a
“false negative” result. Ideally, the reference surface will
always be tested on a smooth, level and dense concrete
substrate.

9.2 Record basic data related to the test site and environ-
mental conditions:

9.2.1 Record the general weather conditions for each day of
testing (sunny, light rain, gusting wind, etc.).

9.2.2 Record the condition of the field as influenced by the
weather (damp, dry, areas of standing water, ice, etc.).

9.2.3 Record test point locations with enough detail that
each is fully and uniquely identified.

9.2.4 Record the orientation of the field so that End A can be
identified.

9.3 If testing an infill turf system, record infill depth data for
each test point. (This data can be collected prior to or during
testing. If collected during testing, it should be recorded prior
to the actual drop test.)

9.3.1 Infill depth shall be measured using an infill depth
gauge or probe with a fixed shoe or plate capable of measuring
to the nearest 1⁄32 in. or 1 mm. Make three measurements at

each test point, within or immediately adjacent to the footprint
of the test apparatus; calculate and report the average.

9.4 Set up the test apparatus and prepare it for use in
accordance with the manufacturer’s instructions.

9.5 After ensuring that each test point is free of debris,
position the test apparatus and conduct the drop test.

9.5.1 Make three consecutive drops of the missile, at inter-
vals of 1.0 6 0.5 min (60 6 30 s), at each test point location.
Do not move the test equipment between consecutive drops.
Record the data where:

H = drop height in ft (cm),
V = velocity, ft/s (m/s), and
g = acceleration of gravity,

386 in./s/s (9806 mm/s/s)
Display the acceleration time curve for each drop as it occurs.
Check the displayed curve for signal abnormalities. (If signal
abnormalities are observed, discard the results and determine
and correct the cause(s) of the problem.) Should more than
three drops be needed, relocate the test point within the
allowable tolerance of 36 in. (91 cm) and start over. Disregard
the previous drops for this test point.

9.6 Record data specific to each test point during testing:
9.6.1 Record the air temperature in the shade.
9.6.2 Record the playing system temperature. Use the pro-

cedure appropriate to the turf system being tested, as indicated
in the following subsections:

9.6.2.1 Synthetic Turf System with Resilient Padding—
Measure the temperature using a temperature probe inserted
0.5 in. (1.27 cm) below the fabric backing of the pile.

9.6.2.2 Natural Turf System—Measure the temperature us-
ing a temperature probe inserted 0.5 in. (1.27 cm) into the soil.

9.6.2.3 Combination Turf System—Measure the temperature
per 9.6.2.2, except where a synthetic element prohibits mea-
surement of surface temperature as specified. When this
occurs, the measurement of surface temperature shall be made
as close to the specified depth as possible and the deviation
shall be recorded in the site abnormalities section of the test
report.

9.6.2.4 Infill Turf System—Measure the temperature using a
probe inserted 0.5 in. (1.27 cm) below the upper surface of the
infill material.

9.6.3 Note if the test point is located on a line and, if so, the
nature of the line (paint, chalk, permanent synthetic material,
etc.). (If all lines on the field are of the same type, a single note
will suffice.)

9.6.4 For natural and combination turf systems, record an
estimate of the percentage of turf cover (50%, 90%, etc.) and
the soil’s moisture content (dry, damp, wet, saturated, etc.) at
each test point.

NOTE 4—It has been reported that on natural turf and soil surfaces, soil
compaction from successive impacts (using Test Method F355, Procedure
A, and a theoretical drop height of 24 in. (61 cm)) altered g-max and depth
of penetration.4 This can also be influenced by soil bulk density, turf cover,

4 Henderson, R.L., Waddington, D.V., Morehouse, C.A., “Laboratory Measure-
ment of Impact Absorption on Turfgrass and Soil Surfaces” and Schmidt, R.C., et
al, “Natural and Artificial Playing Fields: Characteristics and Safety Features,”
ASTM STP 1073, pp. 127-135.
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and soil water content. To restrict these influences and the variation that
might then occur between natural and artificial systems if an unspecified
number of drops in one location were allowed, the number of successive
drops permitted at any test point has been limited to three.

10. Calculation

10.1 g-max—Following each drop, determine (read) and
record the maximum value of “ g” observed in the time-
deceleration history of the impact event.

10.2 Average g-max—After determining g-max for the third
drop at each test point, calculate the sum of the g-max from the
second and third drops, then divide the sum by two and round
the result to the nearest whole number. The g-max from the first
drop is disregarded.

11. Report

11.1 Report the following information:
11.1.1 Date the report was issued,
11.1.2 Name of the laboratory, company, or individual

issuing the report,
11.1.3 Name and location of the test site,
11.1.4 The installation date or age of the turf playing

system, if known (if not known, so note),
11.1.5 Date(s) of the test (if more than one day is required,

list all dates involved and the reason(s) for the continuance),
11.1.6 Range of surface temperatures and air temperatures

in °F (°C), general weather conditions during each day of
testing, and overall weather-influenced field conditions as
detailed in Section 9,

11.1.7 The sports for which the field is lined at the time of
testing,

11.1.8 A general description of the turf playing system,
including the type of system and the various layers of which it
is comprised,

11.1.9 Name and version of the test method, equipment
type, and procedure used,

11.1.10 A means of identifying End A of the field (per
9.2.4),

11.1.11 A detailed description of the location of each test
point (per 9.2.3),

11.1.12 The surface temperature, percent of turf cover, soil
moisture, and average depth of infill for each test point, as
appropriate to the type of playing system being tested (see
Section 9),

11.1.13 The drop height, impact velocity (feet per second or
metres per second), and g-max value for each drop at each test
point,

11.1.14 The average g-max value for each test point,
11.1.15 Description(s) of site abnormalities such as an

unlined field, reduced field size, a flooded area, or any other
condition(s) which lead to an out-of-tolerance test point
location or deviation from procedures or requirements speci-
fied herein. Identify the test point(s) affected by each
abnormality, and

11.1.16 Conclusion—State if, under the test conditions
listed in the report, all test points met the requirement of <200
average g-max when tested in accordance with this specifica-
tion; or that all test points met the requirement of <200 average
g-max except test point(s) listed.

11.1.17 The test report shall include the following state-
ment:

11.1.17.1 Test results reported herein reflect the perfor-
mance of the points tested, at the time of testing and at the
temperature(s) reported.

12. Keywords

12.1 average g-max; baseball; combination field system;
drop test; field hockey; field testing; g-max; impact; impact
attenuation; lacrosse; multi-sport; natural grass field system;
North American football; shock absorbing; soccer; softball;
synthetic turf field system; test point; infill turf system

APPENDIX

X1. Rationale

X1.1 According to historical data, the value of 200 g-max is
considered to be a maximum threshold. Values of 200 g-max
and above are considered values at which life threatening head
injuries may be expected to occur.

X1.2 The test method incorporated into this specification
(Procedure A of Test Method F355) has been used to test the
impact attenuation of athletic fields for over 30 years. The
development of the 2-ft fall-height method can be traced back
to the Ford and GM crash-dummy tests of the 1960’s, medical
research papers from the 1960’s and 1970’s, and a Northwest-
ern University study in which an accelerometer was fixed to the

helmet of a middle line backer to measure impacts received
during actual play. This study found the typical head-impact to
be 40 ft/lb, which is equivalent to the impact generated by
dropping a 20 lb missile from a height of 2 ft—the requirement
specified in Procedure A of Test Method F355. For compara-
bility and consistency, a set of standard test points was
developed based on the experience of the task group in the
areas of field testing and systems development. The maximum
impact attenuation of <200 average g-max, as accepted by the
U.S. Consumer Product Safety Commission, was adopted for
use herein.
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