
 

       

CITY OF ROLLINGWOOD 
CITY COUNCIL MEETING 

AGENDA 
 

Wednesday, November 16, 2022 
 
Notice is hereby given that the City Council of the City of Rollingwood, Texas will hold a meeting, open 

to the public, in the Municipal Building at 403 Nixon Drive in Rollingwood, Texas on November 16, 2022 

at 7:00 PM. Members of the public and the City Council may participate in the meeting virtually, as long 

as a quorum of the City Council and the presiding officer are physically present at the Municipal 

Building, in accordance with the Texas Open Meetings Act. The public may watch this meeting live and 

have the opportunity to comment via audio devices at the link below. The public may also participate in 

this meeting by dialing one of the toll-free numbers below and entering the meeting ID and Passcode.  
 

Link: https://us02web.zoom.us/j/5307372193?pwd=QmNUbmZBQ1IwUlNjNmk5RnJrelRFUT09  

Toll-Free Numbers: (833) 548-0276 or (833) 548-0282 

Meeting ID: 530 737 2193 

Password: 9fryms 
 

The public will be permitted to offer public comments via their audio devices when logged in to the 

meeting or telephonically by calling in as provided by the agenda and as permitted by the presiding 

officer during the meeting. If a member of the public is having difficulties accessing the public meeting, 

they can contact the city at dadair@rollingwoodtx.gov. Written questions or comments may be 

submitted up to two hours before the meeting. A video recording of the meeting will be made and will 

be posted to the City’s website and available to the public in accordance with the Texas Public 

Information Act upon written request. 

CALL REGULAR CITY COUNCIL MEETING TO ORDER 

1. Roll Call 

SWEARING-IN CEREMONY OF NEWLY ELECTED OFFICIALS 

2. Swearing-in ceremony of newly elected officials: Mayor Gavin Massingill, Council Member Sara 
Hutson and Council Member Kevin Glasheen 

3. Recess meeting for brief reception, congratulations, and for officials to take their positions on the 
dais 

4. Call City Council meeting back to order 

5. Discussion and possible action on approval of a resolution honoring outgoing Council Member 
Roxanne McKee 
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6. Nomination and election of the Mayor Pro Tempore for a term of one year and to perform the 
duties of the Mayor in the Mayor's absence 

PUBLIC COMMENTS 

Citizens wishing to address the City Council for items not on the agenda will be received at this time. 
Please limit comments to 3 minutes.  In accordance with the Open Meetings Act, the City Council is 
restricted from discussing or taking action on items not listed on the agenda.   

Citizens who wish to address the Council with regard to matters on the agenda will be received at the 
time the item is considered. 

PRESENTATIONS 

7. Update on Bond Propositions A and B 

8. Update on TXDoT proposed improvements for Bee Caves Road from Walsh Tarlton Lane to 
Montebello Road 

CONSENT AGENDA 

All Consent Agenda items listed are considered to be routine by the City Council and may be enacted 
by one (1) motion. There will be no separate discussion of Consent Agenda items unless a City Council 
Member has requested that the item be discussed, in which case the item will be removed from the 
Consent Agenda and considered in its normal sequence on the Regular Agenda. 

9. Discussion and possible action on the minutes from the October 12, 2022  Joint Planning and 
Zoning Commission and City Council meeting  

10. Discussion and possible action on the minutes from the October 19, 2022 City Council meeting 

11. Discussion and possible action on a Resolution amending the fee schedule to reflect the park 
rental rates for adult fitness activities as approved at the October 19, 2022 City Council Meeting 

12. Discussion and possible action on an Ordinance amending section 32-38 No parking signs of the 
City's Code of Ordinances to correct printing errors and reflect action previously taken by the City 
Council 

REGULAR AGENDA 

13. Discussion and possible action on an appeal of the City Engineer’s denial of a request for 
alternative methods of design for drainage facilities for 208 Ashworth Drive 

14. Status of the Pleasant/Nixon drainage project 

15. Discussion and possible action on the process for appointing members of boards and 
commissions 

16. Discussion and possible action on a recommendation from the Park Commission regarding the 
installation of artificial turf infield on Hatley Field 1 by Western Hills Little League 
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17. Discussion and possible action on a recommendation from the Park Commission regarding land 
clearing to the north of the swim facility 

18. Discussion and possible action to protect trees and other vegetation on land zoned Park District 
(P).  

19. Update and staff report on status of My Permit Now and stand-alone computer for resident access 
to building permit applications 

20. Discussion regarding citizen written comment procedures for city public meetings and constituent 
correspondence 

21. Update on the City Council message board implementation 

22. Discussion and possible action to cast a ballot for the Western Travis County representative 
member of the Board of Directors of the Travis County Central Appraisal District 

23. Discussion and possible action in regard to the process for hiring legal and planning services 
and scheduling dates for draft ordinance changes and public hearings in connection with 
implementation of the commercial zoning changes under the Comprehensive Plan 

24. Discussion and possible action on setting dates for public hearings before the Planning and 
Zoning Commission and the City Council in connection with changes to the residential zoning 
ordinance 

25. Briefing from the city attorney/outside counsel in connection with pending litigation and discussion 
and possible action in connection with such litigation 

REPORTS 

All reports are posted to inform the public.  No discussion or action will take place on items not on the 
regular or consent agenda. 

26. City Administrator's Report 

27. Chief of Police Report 

28. Municipal Court Report 

29. City Financials for October 2022 - Fiscal Year 2022-2023 

30. RCDC Financials for October 2022 - Fiscal Year 2022 - 2023 

31. City Stats for October 2022 

32. Contract Invoices through October 2022 - Crossroads Utility Services, Water and Wastewater 
Service, K. Friese + Associates - IIP & MS4, K. Fries + Associates, City Engineer 

33. Crossroads Utility Services Report on Water and Wastewater for October 2022 

34. City Engineer Report - K. Friese + Associates 
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35. Texas Central Appraisal District and Tax Assessor - Notices, Letters, Documents 

36. Texas Gas Service - Notices, Letters, Documents 

ADJOURNMENT OF MEETING 

CERTIFICATION OF POSTING 

I hereby certify that the above Notice of Meeting was posted on the bulletin board at the Rollingwood 
Municipal Building, in Rollingwood, Texas and to the City website at www.rollingwoodtx.gov at 5:00 
p.m. on November 10, 2022. 

  
Desiree Adair, City Secretary  

 

NOTICE - 

The City of Rollingwood is committed to compliance with the Americans with Disabilities Act. Reasonable modifications and equal access to 
communications will be provided upon request. Please contact the City Secretary, at (512) 327-1838 for information. Hearing-impaired or 
speech-disabled persons equipped with telecommunication devices for the deaf may call (512) 272-9116 or may utilize the stateside Relay 
Texas Program at 1-800-735-2988. 

 

The City Council will announce that it will go into executive session, if necessary, to deliberate any matter listed on this agenda for which an 
exception to open meetings requirements permits such closed deliberation, including but not limited to consultation with the city's attorney(s) 
pursuant to Texas Local Government Code section 551.071, as announced at the time of the closed session. 

 

Consultation with legal counsel pursuant to section 551.071 of the Texas Local Government Code; 

discussion of personnel matters pursuant to section 551.074 of the Texas Local Government Code; 

real estate acquisition pursuant to section 551.072 of the Texas Local Government Code; 

prospective gifts pursuant to section 551.073 of the Texas Local Government Code; 

security personnel and device pursuant to section 551.076 of the Texas Local Government Code; 

and/or economic development pursuant to section 551.087 of the Texas Local Government Code. 

Action, if any, will be taken in open session. 
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Agenda Item __: Discussion and possible action on approval of a Resolution in honor of outgoing council 

member Roxanne McKee.  

Submitted by:  Council Member Brook Brown 

Action Requested: Approval Overview and Background:  

This agenda item provides for the adoption of a formal resolution in honor of Council member Roxanne 

McKee's service to the City of Rollingwood.   

Supporting Documents:  

• Resolution 
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RESOLUTION NO. 2022-11-16-05 

 

A RESOLUTION HONORING ROXANNE MCKEE’S SERVICE 

TO THE CITY OF ROLLINGWOOD 

 

WHEREAS, on behalf of the residents of the City of Rollingwood, Texas, in appreciation 

of Council member Roxanne McKee and her service to the residents of the City of 

Rollingwood, Texas, as a member of the City Council; and 

WHEREAS, after prior years of service to the community through service on the City 

Council and as Mayor, she accepted appointment for an additional term of service as a 

member of the City Council, and has served the community with dignity, honor, and respect; 

and  

WHEREAS, on behalf of the entire City Council, we want to express our sincere 

appreciation to Council member McKee for her commitment to the residents of Rollingwood 

through her service to the City as Mayor and for her service as a member of the City Council,  

NOW, THEREFORE, the Mayor and Council of the City of Rollingwood, Texas, in 

recognition of the outstanding contributions of Roxanne McKee, do gladly thank Roxanne 

McKee for her dedicated service to our community and wish her the very best in her future 

endeavors.  

IN WITNESS WHEREOF, I have hereunto set my hand and have caused the Seal of the 

City of Rollingwood Texas, to be affixed this resolution, on this the 16th day of November, 

2022. 

 

 

_________________________ 

Gavin Massingill, Mayor 

ATTEST: 

 

__________________________ 

Desiree Adair, City Secretary 
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CITY OF ROLLINGWOOD 
JOINT PLANNING AND ZONING COMMISSION AND CITY COUNCIL 

MEETING 
MINUTES 

 

Wednesday, October 12, 2022 
 
The Planning and Zoning Commission of the City of Rollingwood, Texas held a joint meeting with the 

Rollingwood City Council, open to the public, in the Municipal Building at 403 Nixon Drive in 

Rollingwood, Texas on October 12, 2022 at 5:00 PM. Members of the public,  the Planning and Zoning 

Commission, and the City Council were able to participate in the meeting virtually, as long as a quorum 

of the Planning and Zoning Commission and the City Council and the respective presiding officers were 

physically present at the Municipal Building, in accordance with the Texas Open Meetings Act. A video 

recording of the meeting was made and will be posted to the City’s website and available to the public 

in accordance with the Texas Public Information Act upon written request. 
 

CALL JOINT ROLLINGWOOD PLANNING AND ZONING COMMISSION AND CITY 
COUNCIL  MEETING TO ORDER 

1. Roll Call 

Mayor Gavin Massingill called the City Council meeting to order at 5:07 p.m. 

Chair Amie Rodnick called the Planning & Zoning meeting to order at 5:07 p.m. 

Present Members of City Council: Mayor Gavin Massingill, Mayor Pro Tem Sara Hutson, Council 
Member Phil McDuffee, Council Member Roxanne McKee, Council Member Alec Robinson, and 
Council Member Brook Brown.  

Present Members of Planning and Zoning Commission: Chair Amie Rodnick, Michael Hall, Dave 
Bench, Brian Nash, and Tony Stein.  

Also Present: City Administrator Ashley Wayman, City Attorney Charles Zech, City Secretary 
Desiree Adair, RCDC President Emily Doran, and Assistant to the City Administrator Makayla 
Rodriguez. 

 

PUBLIC COMMENTS 

There were no public comments. 
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REGULAR AGENDA 
 

2. Discussion and possible action in regard to residential zoning ordinances defining the minimum 
required depth and width of yards 

 Mayor Gavin Massingill called up agenda items 2, 3, and 4 simultaneously.  

Council Member Brook Brown discussed how City Council has received funding from RCDC in 
order to proceed on the commercial zoning changes from the Comprehensive Plan. She 
discussed bringing in development along the commercial corridor and issues discovered with 
our existing Code.  

The  Planning and Zoning Commission asked why these issues were brought to the Planning 
and Zoning Commission at this time. Council Member Brook Brown explained the difference 
between the items, the timing for public hearings, and understanding the process of passing an 
ordinance. 

The Planning and Zoning Commission and City Council discussed current yard requirements, 
possible code changes, the Comprehensive Plan, and the process of moving forward resident 
concerns. 

The Planning and Zoning Commission discussed the idea of soliciting input from the community 
in regards to residential building concerns and requested examples. Council Member Brook 
Brown offered to put together a list of examples of the projections issue.  

The Planning and Zoning Commission and the City Council discussed spec homes, investment 
funds, and multiple owners of one property.  

Members of the Planning and Zoning Commission expressed concern with fixing issues one at 
a time that cause unintended consequences. They discussed development in Rollingwood with 
the mixture of newer and older homes, and providing time for the community to decide their 
options. 

The Planning and Zoning Commission discussed overhangs and the purpose that they provide 
from an energy efficiency standpoint. Dave Bench had previously emailed his concerns to City 
Council. They discussed how overhangs being restricted to the setback requirements have 
other considerations. City Council discussed trees as shade and water runoff from the roof onto 
neighboring properties. The Planning and Zoning Commission discussed the creation of non-
conforming structures with making these changes. Council Member Brook Brown discussed 
defining overhangs, eaves, cornices, and projections.  

Members of the Planning and Zoning Commission discussed the purpose of the meeting and 
what is desired to be accomplished. Mayor Gavin Massingill defined which Rollingwood 
municipal codes are being discussed and reviewed. Chapter 107 is the Zoning Code, and 
section 107-3 includes the residential building height definition. Section 107-71 describes the 
maximum permissible height. Chapter 101 is the building and construction code which has 
definitions in section 101-2. Yard and setback line definitions are found in Chapter 107 of the 
Zoning Code in the definition section 107-3. Section 107-75 Yards generally and section 107-76 
Minimum required depth and width of yards are also relevant to this discussion.  
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Abe Salinas, of K. Friese + Associates, discussed definitions, application, and 
recommendations. Their focus has been on building yard depths with respect to projections and 
maximum height regulations for residential buildings. They apply the code as written to reviews 
for approval or disapproval. Yard depths with projections need definitions, and limitations, such 
as 18-36 inches as other cities have done, and review for conformance with Code and the 
requirements for approval. K. Friese + Associates reviews the plans for general conformance 
with maximum height. He discussed the terrain and sloping lots with grading changes that occur 
during the building process. Mayor Gavin Massingill discussed an administrative requirement of 
an upfront promulgated form with clear indications of what the reference datum points are.  

 The Planning and Zoning Commission and City council discussed the measurement of the 
building height. Mayor Gavin Massingill discussed how to find the highest point and the lowest 
point. He explained the Code and how to determine the highest and lowest points without 
fluctuation. Council Member Brook Brown discussed a legal provision in our building code in 
section 107-71 that does not allow any part of a building to be greater than 35 feet, and the 
definition in 107-3 of residential building height. With the adoption of the International Building 
Code, the definitions were used, and in her opinion, caused a problem with enforcement. The 
Planning and Zoning Commission asked Mr. Salinas how this is currently applied.  Mr. Salinas 
explained that they use the definition in section 107-3. 

 Mayor Gavin Massingill left the meeting at 6:36 p.m.  

 The  Planning and Zoning Commission, City Council, and Mr. Salinas discussed projections and 
cantilevers and application of the code.  

 The Commission and Council Members discussed next steps in this process including costs and 
consultants. Council Member Brook Brown discussed how the Comprehensive Task Force 
acted with a survey, public hearings, workshops, and the development of a new plan.  

 Kendra Roloson, building on 304 Vale and living at 301 Wallis, discussed the need for 
community input. She would like her voice to be heard as well as other members of the 
community. She would like alternative times for meeting for community input, and she feels a 
code rewrite should be considered with the input of all citizens. She is a real estate attorney and 
discussed nonconforming use issues with piecemeal code changes and would like careful 
consideration by the community as a whole. 

 Emily Doran, 601 Ridgewood, discussed the complexity of building a house in Rollingwood. She 
would like a consideration of a welcoming committee for builders.  

 City Council and the Planning and Zoning Commission discussed the timing for a public 
hearing. City Administrator Ashley Wayman explained the noticing requirements for a public 
hearing at both the Planning and Zoning Commission and City Council meetings. City Staff will 
request availability tomorrow. 

 

3. Discussion and possible action regarding building height and related provisions in the residential 
zoning code 

 This item was called up simultaneously with item 2 and item 4.  
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4. Discussion and possible action to begin an assessment of the city's residential zoning ordinances 

 This item was called up simultaneously with item 2 and item 3. 

 

ADJOURNMENT OF MEETING 

The Planning and Zoning Commission meeting was adjourned at 6:59  p.m.  

The City Council meeting was adjourned at 7:01 p.m.  

 

Minutes Adopted on the __________day of _______________, 2022 by the Planning and Zoning 

Commission.   

 

 

  

                                   

____________________________ 

        Amie Rodnick, Chair 

 

ATTEST: 

 

 

 __________________________ 

Desiree Adair, City Secretary 
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Minutes Adopted on the __________day of _______________, 2022 by City Council.   

 

 

  

                                   

____________________________ 

        Gavin Massingill, Mayor 

 

ATTEST: 

 

 

 __________________________ 

Desiree Adair, City Secretary 
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CITY OF ROLLINGWOOD 
CITY COUNCIL MEETING 

MINUTES 
 

Wednesday, October 19, 2022 
 
The City Council of the City of Rollingwood, Texas held a meeting, open to the public, in the Municipal 

Building at 403 Nixon Drive in Rollingwood, Texas on October 19, 2022. Members of the public and the 

City Council were able to participate in the meeting virtually, as long as a quorum of the City Council 

and the presiding officer were physically present at the Municipal Building, in accordance with the 

Texas Open Meetings Act. A video recording of the meeting was made and will be posted to the City’s 

website and available to the public in accordance with the Texas Public Information Act upon written 

request. 

CALL REGULAR CITY COUNCIL MEETING TO ORDER 

1. Roll Call 

Mayor Gavin Massingill called the meeting to order at 7:02 p.m. 

Present Members: Mayor Gavin Massingill, Mayor Pro Tem Sara Hutson, Council Member Alec 
Robinson, Council Member Phil McDuffee, and Council Member Roxanne McKee. 

Also Present: City Administrator Ashley Wayman, City Attorney Charles Zech, Interim Chief of Police 
Kristal Munoz, Finance Director Abel Campos, City Secretary Desiree Adair, and Assistant to the City 
Administrator Makayla Rodriguez. 

Present Virtually: Park Commission Chair Chad Smith 

 

PROCLAMATIONS 

2. Discussion and possible action on a Proclamation for Breast Cancer Awareness Month 

Mayor Gavin Massingill proclaimed October 2022 Breast Cancer Awareness Month in the City of 
Rollingwood.  

PUBLIC COMMENTS 

The following individuals spoke during public comments: 

 Shanthi Jayakumar, 3309 Park Hills Drive, thanked the Mayor, Council, and staff for their hard 
work. She acknowledged long term resident Lorraine Wheeler and her husband for their public 
service and donations to the City of Rollingwood. She also acknowledged Frankie Westbrook. 
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She brought attention to the addresses of Rollingwood being occasionally mistaken to be in 
West Lake Hills.  She thanked the Police Department for its excellent planning and service 
during the ACL Festival. She asked if the City of Austin pays for Rollingwood’s service during 
ACL. 

PRESENTATIONS 

3. Update regarding the November 8, 2022 Bond Election 

 City Administrator Ashley Wayman discussed the completion of the statutory postings of election 
information around the City and on the election page on the City website.  

 Mayor Gavin Massingill discussed the informational pages regarding the bond propositions and 
their addition to the website.  

4. Presentation and discussion on the Quarterly Investment Report for the 4th Quarter 

 Finance Director Abel Campos discussed the Quarterly Investment Report for the 4th quarter of 
Fiscal Year 2021 – 2022.  

5. Presentation and discussion on the Budget Review for the 4th Quarter 

 Finance Director  Abel Campos discussed the Budget Review for the 4th quarter of Fiscal Year 
2021 – 2022. He explained that the numbers presented are unaudited. The auditors will be here 
at the end of next month and the audit will be published depending on their schedule around 
February or March of 2023.  

 Council Member Phil McDuffee asked about the drainage fund. Finance Director Abel Campos 
explained how the drainage fund is financed.  

 Council Member Alec Robinson followed up about line items regarding the General Fund balance.  

CONSENT AGENDA 

All Consent Agenda items listed are considered to be routine by the City Council and may be enacted 
by one (1) motion. There will be no separate discussion of Consent Agenda items unless a City Council 
Member has requested that the item be discussed, in which case the item will be removed from the 
Consent Agenda and considered in its normal sequence on the Regular Agenda. 

6. Discussion and possible action on the minutes from the August 17, 2022 City Council meeting 

7. Discussion and possible action on the minutes from the September 21, 2022 City Council meeting 

8. Discussion and possible action on the minutes from the September 27, 2022 Special City Council 
meeting 

Mayor Pro Tem Sara Hutson moved to approve Consent Agenda. Council Member Roxanne 
McKee seconded the motion. The motion carried with 4 in favor and 0 against.  
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REGULAR AGENDA 

9. Discussion and possible action on a recommendation from the Park Commission regarding the 
installation of artificial turf infield on Hatley Field 1 by Western Hills Little League 

 Mayor Gavin Massingill brought up item 10 at this time. 

 Park Commission Chair Chad Smith discussed the improvement of Hatley Field with the 
implementation of artificial turf. He explained how it would make it a safer environment and the 
ability to play after rain.  It takes stress off fields 3, 4, and 5 and would be able to control the 
drainage with this surface. This would make the field available for other activities like yoga. This 
would improve the maintenance of the Park for the City and Western Hills Little League.  

 Melissa Morrow, 2502 Timberline Drive, Park Commission member, and executive director of the 
facility that Joseph field sits on, spoke about the ability to use the fields and the ease of 
maintenance with artificial turf. She discussed safety and improvement in numbers of injuries. 
She did describe the downside of the artificial turf being hot, but explained that is why it only 
covers the infield.  

 City Council discussed the maintenance schedule, the warranty, the cost for removal and return 
to original condition. They also discussed the layout of the field with artificial turf and how bases 
are attached and movable. Mayor and City Council continued to discuss the advantages and 
disadvantages of artificial turf in regards to maintenance, City staff resources, heat, and injuries. 

 Melissa Morrow discussed the construction and drainage of an artificial turf field.  

 Council Member Roxanne McKee asked about the warranty, a proposed contract from KMI, and 
drainage issues.  

 Jess Butler, 4822 Rollingwood Drive discussed issues that City Council needs to consider 
including recycled tire composition, the drainage of the field including construction with water pits, 
the beauty of a natural park, the odor of rubber at Joseph Field, and the temperature of the 
outfield, infield, and parking lot. He asked Council to respect the environment, water, insects, and 
wildlife. He supports the kids playing, but has concerns regarding health, and requests that the 
children be able to play on natural grass.  

 John Hinton, 2 Jeffery Cove, discussed taking more time to study the comments made. His 
concern is with the water and the drainage. He requested the City Engineer review where the 
water would go with this project.  

 Shanthi Jayakumar provided copies to City Council of a study of the drainage of Rollingwood 
Community Park. She had concerns from the study and for public time in the Park. She would like 
community input.  

 Council Member Roxanne McKee and Melissa Morrow discussed water usage for cooling Joseph 
Field. 

 Chad Smith discussed proper sliding instruction on turf, the warranty agreement, drainage, 
preference for turf, and the timing of installation before the spring season.  
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 Mayor Pro Tem Sara Hutson discussed research done by Victoria Johnson and would like the 
opportunity to read through that information.  

 Mayor Pro Tem Sara Hutson moved to table this item until time certain next council 
meeting. Council Member Alec Robinson seconded the motion. The motion carried with 4 
in favor and 0 against.  

10. Discussion and possible action on a recommendation from the Park Commission regarding 
amendments to the park rental rates for adult fitness activities 

 Council Member Alec Robinson discussed the history of the passing of a new fee structure and 
the sustainability of that fee structure. There were 3 vendors previously and now there is 1 vendor 
remaining. After the Park Commission meeting, Council Member Alec Robinson looked at the 
price per hour. He stated that the rate has gone from $25 per hour to $3 per hour.  

 Mayor Gavin Massingill stated that from an administrative standpoint, staff is happy to implement 
the policy that Council decides.  

 Michael Wong, 8 Inwood Circle, asked about the Park Commission’s recommendation. City 
Administrator Ashley Wayman explained that the current rate is $25 per hour. The new rate is a 
prorated rate based on size of the group and the hours per week.   

 Niccole Maurici, 4906 Timberline Drive and Park Commission member, explained the purpose of 
the fee structure as being consistent with renters within the local area. She explained the history 
of this item and the vendors that have left the park. She discussed the time per week, the number 
of participants, the residency of the participants, the costs to participants, and money made by 
the vendors. She would like consistency in application of fees to vendors. She discussed a 
comparative analysis of nearby spaces with other cities including facts and cost comparisons.  

 City Council asked for the comparative rates of other cities. Council Member Alec Robinson 
provided them for publication in the packet during the meeting.  

 Neissa Springmann, from Ignite, spoke regarding the spaces that they use in the Park. She 
discussed the timing of learning of the new rental rate policy. She explained the difficulty of the 
increase, the sustainability of the new fees, the expectation of the condition of the facilities, their 
services, and the health of body, mind, and spirit.  

 Council Member Phil McDuffee asked for clarification of which category Ignite aligns with in the 
new rental structure. 

 Melissa Morrow, 2502 Timberline Drive and Park Commission member, discussed keeping adult 
fitness activities happening in the park.  There were unintended consequences of the passing of 
the new rental rate structure for adult fitness. She explained how the rate for an adult fitness class 
was calculated and the comparison with the City of Austin rates.  

 Neissa Springmann discussed partnering with the City of Rollingwood and supporting the Park.  

 City Council discussed the proposed rental rates and value of adult fitness classes in the Park.  

 Michael Wong requested action on this item.  
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 Council Member Alec Robinson moved to approve the rates as they are written in this 
agenda item, but then bring this item back to Council meeting in January for possible 
further action after a 2-month run. Council Member Phil McDuffee seconded the motion.  

 Council Member Alec Robinson amended his motion to apply only to adult fitness 
activities. Council Member Phil McDuffee seconded the amended motion.  

 City council discussed the different groups and usage of the park. Niccole Maurici discussed sizes 
and usage of the park and pavilion for different groups. She asked City Council to consider 
consistency of rate application. 

 Mayor Gavin Massingill explained the ease of consistency for implementation of rates for staff.  

 City Council discussed the application of different rates for different groups and concerns 
regarding business planning purposes for vendors 

 The motion carried with 4 in favor and 0 against.  

 Mayor Gavin Massingill returned to item 9 at this time.  

11. Discussion and possible action on a recommendation from the Park Commission to allow pavilion 
rental during weekdays when school is not in session 

 Council Member Alec Robinson discussed community feedback received. 

 Niccole Maurici, 4906 Timberline Drive and Park Commission member, discussed the history and 
the ability to rent the pavilion during time slots available. The Park Commission is asking to rent 
during weekdays when school is not in session.  

 Melissa Morrow, 2502 Timberline Drive and Park Commission member, discussed that this would 
not include more rentals but would just allow pavilion rental during school holidays.  

 Council Member Phil McDuffee discussed protections put in place for impact on residents 
neighboring the Park.  

 City Administrator Ashley Wayman explained the fees for renting the pavilion for residents and 
nonresidents.  

 Council Member Roxanne McKee moved to approve to allow pavilion rental during 
weekdays when school is not in session. Council Member Phil McDuffee seconded the 
motion.  

Mayor Pro Tem Sara Hutson asked why the pavilion rental is limited to when school is not in 
session. Council Member Phil McDuffee agreed that this is a good point.  

Nicole Maurici explained that pavilion rental is currently only available on Saturdays and Sundays. 
The Park Commission is asking for consideration on this recommendation from the Park 
Commission. 
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 Council Member Roxanne McKee amended her motion to allow pavilion rental during the 
weekdays not to exceed 4 events per week. Council Member Phil McDuffee seconded the 
motion. The motion carried with 3 in favor and 1 against.  

Council Member Alec Robinson clarified that the reason for his vote against was that this was not 
what the Park Commission passed. The Park Commission recommended rental only when school 
was out. 

12. Discussion and possible action on an ordinance amending the date for assessing late fees to 
utility service charges 

 City Administrator Ashley Wayman explained the ordinance previously approved for assessing 
late fees and that our accounting system does not allow for this to work with our billing. Bills are 
currently due on the 23rd of the month and the new bill is generated the first week of the following 
month. Due to the short window of time, the change is to ask for 3 business days and then 
assessment of late fees. 

 Mayor Gavin Massingill discussed the addition of Veronica Hernandez as Utility Billing Manager 
and the accounts with late fees and flexibility extended. 

 City Administrator Ashley Wayman explained how messages will be presented with every effort 
before assessing these charges beginning in January.  

 Council Member Roxanne McKee moved to accept the ordinance as posed in the packet, 
Ordinance number 2022-10-19-12, that amends the City’s Code of Ordinances Part 1 
Chapter 22 Article 2 Section 22-30 - Payment. Council Member Alec Robinson seconded 
the motion.  

 Discussion ensued regarding the length of time for the assessment of late fees. 

 The motion carried with 4 in favor and 0 against.  

13. Discussion and possible action to modify the current Designated Construction Holiday Calendar 

 Council Member Phil McDuffee discussed the previous adoption of the Holiday Calendar and the 
feedback from residents of construction performed on the most recent Federal holiday. He would 
like to consider adding President’s Day and Texas Independence Day to the days on which 
construction will be prohibited. He mentioned that City staff is not here on these holidays.  

 Mayor Pro Tem Sara Hutson asked to add the Code Compliance Officer to the answering system. 
City Administrator Ashley Wayman discussed the holiday messages and agreed to add  the Code 
Compliance Officer.  

 Council Member Phil McDuffee moved to amend our current construction prohibited 
holiday calendar to include President’s Day and Columbus / Indigenous People’s Day in 
line with our federal holidays. Texas Independence Day will allow construction. Mayor Pro 
Tem Sara Hutson seconded the motion. The motion carried with 4 in favor and 0 against.  

14. Discussion and possible action on status of online message board implementation 
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 City Administrator Ashley Wayman discussed working with the IT company and explained that 
server options would require cost that is above the limit authorized by Council.  She spoke with 
the company that the City of San Marcos uses and it will cost about $1,000 per year with additional 
setup fees. There is not a timeline yet.  

Mayor Gavin Massingill clarified that residents will not be able to participate in the online 
discussion.  

15. Discussion and possible action to increase the number of regular meetings of the Rollingwood 
City Council to a minimum of twice per month 

 Council Member Roxanne McKee discussed her reasons for bringing this item to the agenda 
including the pace of development and the City about to embark on a comprehensive review of 
residential zoning requiring workshops and citizen input. She anticipates a lot of work and 
decision making. She spoke about being more efficient and the problem with transparency in 
government with meetings going into late hours. She believes it is burdensome on City staff and 
deters people from running for City Council. She recommended a time limit on meetings and 
mentioned cities in the region that have at least 2 meetings per month.  

 City Council discussed this idea, the strain on staff resources, and their openness to this 
discussion. 

Mayor Gavin Massingill discussed the commitment of two nights per month for those currently 
running for Mayor or Council. Staff resources would be greatly affected to provide council 
meetings twice per month as well as the other boards and commissions. 

City Council discussed the timing of changing this during an election for Mayor and new Council 
Members.  

Mayor Pro Tem Sara Hutson suggested that she would like to see the message board in place 
and the residential zoning task force created before voting on this item.  

Shanthi Jayakumar, 3309 Park Hills Drive, offered her thoughts that the meeting could stop at a 
time limit and continue the next day.  

Council Member Roxanne McKee discussed running meetings more efficiently with a time limit 
and the encouragement of more citizen participation.  

16. Discussion and possible action to review applications and make appointments to the Utility 
Commission 

City Administrator Ashley Wayman explained that there is one position open on the Utility 
Commission and two applicants for the Utility Commission. They have reapplied since the 
changes made to the requirements to serve on boards and commissions. 

Council Member Phil McDuffee moved that City Council appoint Walt Roloson to the Utility 
Commission. Mayor Pro Tem Sara Hutson seconded the motion. The motion carried with 
4 in favor and 0 against.  

REPORTS 
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All reports are posted to inform the public.  No discussion or action will take place on items not on the 
regular or consent agenda. 

17. City Administrator's Report 

18. Chief of Police Report 

19. Municipal Court Report 

20. City Financials For September 2022 - Fiscal Year 2021 - 2022 

21. RCDC Financials For September 2022 - Fiscal Year 2021 - 2022 

22. City Stats for September 2022 

23. Contract Invoices through September 2022 - Crossroads Utility Services, Water and Wastewater 
Service, K. Friese + Associates - IIP & MS4, K. Friese + Associates, City Engineer 

24. Crossroads Utility Services Report on Water and Wastewater for September 2022 

25. City Engineer Report - K. Friese + Associates 

26. Texas Central Appraisal District and Tax Assessor - Notices, Letters, Documents 

27. Texas Gas Service - Notices, Letters, Documents 

ADJOURNMENT OF MEETING 

 

Mayor Gavin Massingill adjourned the meeting at 9:51 pm. 

 

Minutes Adopted on the _____ day of _____________, 2022.      

 

 

 

                                   

____________________________ 

        Gavin Massingill, Mayor 

 

ATTEST: 

 

 

 

 __________________________ 

Desiree Adair, City Secretary 
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City of Rollingwood  

FEE SCHEDULE 
 

 

  FEE SCHEDULE 

ARTICLE A1.000. GENERAL PROVISIONS 

Sec. A1.001. Scope. 

The fees listed in the fee schedule shall be charged and collected by the city for the activities or uses 
indicated.  

Sec. A1.002. Conflicting provisions. 

This fee schedule, and in particular the fees set forth herein, controls over and supersedes any conflicting 
provisions in the city code.  

Sec. A1.003. Payment of consultant fees. 

(a) Payment required. All applicants shall pay all consultant fees incurred by the city that are associated with 
their applications referenced in the following articles (A2.000 and A3.000). No approvals will be issued in 
connection with their applications until all required fees have been paid to the city, regardless of the method 
used for collection of such fees.  

(b) Payment of deposit. When consultant fees are anticipated to be substantial, the city secretary or building 
official upon receipt of an application, may establish a deposit amount that is equivalent to the projected 
consultant fees to be incurred in connection with the application. The applicant shall deposit this amount 
with the city prior to any review, inspection, processing or other work being initiated by the city. A revised 
deposit amount may be established at any time when consultant fees are substantially different than 
originally projected, and additional amounts payable or refundable will be due at the time of issuance to the 
applicant of notice of a revised deposit amount. When a deposit is established, the application will not be 
considered as filed or complete until the deposit is paid. When a deposit is paid, all consultant fees incurred 
by the city that are associated with the application will be charged against this deposit. Upon completion of 
the consultant activities, the applicant shall pay any fees incurred by the city in excess of the deposit. Any 
excess deposit remaining after the payment of all consultant fees will be returned to the applicant.  

(c) Alternate procedure for substantial consulting fees. For large or complex development projects and other 
applications where an estimate of fees is determined to be impracticable, the city secretary, city engineer, 
public works director or building official will provide a list of the types of review, inspections, and 
determinations to be made by city consultants, together with hourly or customary fees charged by relevant 
consultants for the work. In the case of any ongoing inspection or review activities, such as utility 
construction review, a description of the anticipated incidence of such consultant work may be provided. In 
cases with protracted consultant activity, periodic invoices for costs incurred by the city may be issued to the 
applicant and shall be due and payable within 30 days of the issue date.  

ARTICLE A2.000. BUILDING FEES 

Sec. A2.001. General fees. 

Fees include filing fees listed below, plus $0.25 per sq. ft. of project area, excluding areas defined only by 
linear feet. Plan reviews are included. Permit duration is 12 months with option for permit renewal requests.  
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(1) Residential zoning district.  

(A) Residential new construction: $600.00.  

(B) Residential reconstruction: $600.00.  

(C) Residential addition:  

(i) Addition to residence with an increase in footprint or roof plan: $600.00.  

(ii) Addition to residence with no increase in footprint or roof plan: $225.00.  

(iii) Add swimming pool: $600.00.  

(iv) Add accessory building 200 sq. ft. to 500 sq. ft.: $225.00.  

(v) Fence greater than six ft. in height: $225.00.  

(D) Residential remodel: $225.00.  

(E) Extra plan review for revised or resubmitted residential plans:  

(i) New, reconstruction or addition resubmittal: $300.00.  

(ii) Remodel resubmittal: $175.00.  

(F) Permit renewal request: $125.00.  

(2) Commercial (nonresidential) zoning districts:  

(A) Commercial new construction of 10,000 sq. ft. or less: $1,200.00.  

(B) Commercial new over 10,000 sq. ft.: $1,500.00.  

(C) Commercial addition, remodel or finish out: $600.00.  

(D) Extra plan review for revised or resubmitted commercial plans:  

(i) New commercial resubmittal: $600.00.  

(ii) Addition, remodel, finish out resubmittal: $300.00.  

(E) Permit renewal request: $125.00.  

(3) Fence permit six ft. or less in height: $75.00.  

(4) Copy of an occupancy certificate: $1.00.  

Sec. A2.002. Emergency and utilities construction permits and duration. 

(a) MEP install, alter repair or retire service within six months: $75.00.  

(b) Street cut install, alter or retire gas service and repair street within six months: No fee per franchise utility 
provider agreement.  

(c) Install bedroom emergency egress windows in sleeping areas within three months: $75.00.  

Sec. A2.003. Inspections. 

(a) Applicable inspections. Inspections for the purpose of measuring compliance with provisions of chapter 3 
building regulations and chapter 14 zoning are required and performed under the authority of the building 
official.  

(b) Payment of inspections required. Permittees prepay the required inspections at the time the permit is 
issued. At close out of the permit, permittees pay for all other inspections performed during the course of 
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the permit, including on-site inspections, reinspections and other engineer reviews for compliance as 
required by the building official.  

(c) Inspection fee: $75.00.  

ARTICLE A3.000. DEVELOPMENT AND ZONING FEES 

(a) Annexation request: $600.00.  

(b) Commercial site development permit: Collect actual consultant fees incurred per section A1.003(c).  

(c) Curb cut and repair permit: $175.00.  

(d) Demolition:  

(1) Demolish building: $600.00.  

(2) Demolish structure attached to building: $225.00.  

(e) Excavation or land fill fee: $175.00.  

(f) House moving: $600.00.  

(g) Master plan or PUD: $1,100.00 plus $0.10/sq. ft.  

(h) Plat approval:  

(1) Subdivision application: $1,200.00.  

(2) Per lot fee: $300.00.  

(i) Plat variance, per lot: $300.00.  

(j) Residential irrigation permit fee: $75.00.  

(k) Residential site development permit:  

(1) New construction: $2,000.00.  

(2) Addition: $1,200.00.  

(3) Minor impervious cover addition: $500.00.  

(l) Special use permit: $700.00.  

(m) Vacation fee: $1,200.00.  

(n) Variance: $300.00.  

(o) Zoning change: $600.00.  

ARTICLE A4.000. ON-SITE WASTEWATER FEES 

(a) Residential: $440.00.  

(b) Commercial: $550.00.  

(c) Tank replacement/subst. modification: $220.00.  

(d) Plan review: $82.50.  

(e) Inspection fee, separate:  

(1) Residential: $150.00.  

(2) Commercial: $200.00.  
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(f) State fee: $10.00.  

ARTICLE A5.000. SIGN FEES 

(a) Commercial - permanent (complete construction within six months): $125.00.  

(b) Commercial - temporary (display 30 days): $75.00.  

(c) Multi-business/monument (complete construction within six months): $150.00.  

(d) Sign variance: $165.00.  

ARTICLE A6.000. LICENSES AND PERMITS 

(a) Alcoholic beverage permit: one-half fee imposed by state.  

(b) Reserved.  

(c) Fire prevention inspection: $27.50.  

(d) Massage establishment fee: $110.00.  

(e) Massage operator fee: $55.00.  

(f) Ham radio fee: $165.00.  

(g) Reserved.  

(h) Commercial solid waste permit/year/company: $110.00.  

(i) Solicitation/six months: $100.00.  

(j) Food establishment permits and inspections:  

(1) Food establishment permit (including food processing plant or warehouse):  

(A) 1 to 9 employees: $310.00.  

(B) 10 to 25 employees: $425.00.  

(C) 26 to 50 employees: $620.00.  

(D) 51 to 100 employees: $805.00.  

(E) Over 100 employees: $990.00.  

(F) Expired permit late fee: $100.00.  

(2) Mobile food unit permit (fee per unit):  

(A) Restricted operation: $90.00.  

(B) Unrestricted operation: $210.00.  

(3) Temporary food establishment permit:  

(A) 2 calendar days or less: $35.00/booth.  

(B) 3-5 calendar days: $70.00/booth.  

(C) 6-14 calendar days: $90.00/booth.  

(D) Expired permit fee: $100.00.  

(4) Food establishment plan review:  
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(A) New construction or change of owner: $250.00.  

(B) Remodel of permitted facility:  

(i) Greater than 10,000 sq. ft.: $250.00.  

(ii) 2,500-9,999 sq. ft.: $165.00.  

(iii) Less than 2,500 sq. ft.: $60.00.  

(5) Food service, retail food and food processing plant or warehouse annual permit fees:  

(A) Low risk/small (1C): $359.00.  

(B) Low risk/medium (1B): $378.00.  

(C) Low risk/large (1A): $416.00.  

(D) Medium risk/small (2C): $532.00.  

(E) Medium risk/medium (2B): $608.00.  

(F) Medium risk/large (2A): $684.00.  

(G) High risk/small (3C): $601.00.  

(6) Certified farmers market, mobile vendor, temporary food establishment and vending machine annual 
permit fees:  

(A) Certified farmers market annual permits:  

(ii) Class A: $177.00.  

(ii) Class B: $333.00.  

(iii) Class C: $622.00.  

(B) Mobile vendor annual permit fees:  

(i) Application fee: $105.00.  

(ii) Unrestricted permit/unit: $290.00.  

(iii) Restricted permit/unit: $212.00.  

(iv) Re-inspection: $13,000.00.  

(v) AFD fire inspection: $125.00.  

(vi) AFD fire re-inspection: $75.00.  

(C) Temporary food establishments:  

(i) 1 calendar day: $35.00/booth.  

(ii) 2—5 calendar days: $102.00/booth.  

(iii) 6—14 calendar days: $155.00/booth.  

(iv) Expedited permit: $100.00 additional.  

(D) Vending machines:  

(i) Application fee: $120.00.  

(ii) Permit fee: $25.00/machine.  

(7) Food enterprise inspection fees, variance request fees:  

(A) Certificate of occupancy: $224.00.  
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(B) Change of ownership inspection: $192.00.  

(C) Variance request/HACCP review: $290.00.  

(D) Inspection outside normal hours: $144.00.  

(E) Re-inspection: $130.00.  

(F) Central preparation facility registration: $150.00.  

(8) Food enterprise plan reviews:  

(A) New construction: $298.00.  

(B) Remodel of permitted facility:  

(i) More than 10,000 sq. ft.: $298.00.  

(ii) 2,500—10,000 sq. ft.: $254.00.  

(iii) Less than 2,500 sq. ft.:$211.00.  

(k) Network nodes in public right-of-way:  

(1) Up to five network nodes in the same application: $500.00.  

(2) Each additional network node: $250.00.  

(3) Each node support pole: $1,000.00.  

(4) Annual rate per node in the city public right-of-way: $250.00.  

(5) Rate to collocate a network node on a service pole on the public right-of-way, per pole, per year: 
$20.00.  

(l) Residential stormwater discharge permit:  

(1) Nonrefundable permit application fee: $3,500.00.  

(2) Permit fee: $6.00 per square foot as reflected in the area multiplier project square footage on a 
residential building permit application.  

(m) Alcoholic beverage, fire prevention, amateur radio antenna, solid waste, solicitation permit fees:  

(1) Alcoholic beverage permit: one-half the fee imposed by the state.  

(2) Fire prevention inspection: $27.50.  

(3) Amateur radio antenna: $165.00.  

(4) Commercial solid waste permit/year/company: $110.00.  

(5) Solicitation/six months: $100.00.  

ARTICLE A7.000. MISCELLANEOUS FEES 

(a) Gasoline tank inspection: $55.00.  

(b) Gasoline bulk storage: $110.00.  

(c) Gasoline pumps: $110.00.  

(d) Natural gas inspection: $55.00.  

 (e) Animal control fees:  

(1) Impoundment fee: Established by the administrators of the city pound.  
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(2) Dangerous dog annual registration fee: $50.00.  

 

 (f) Property impoundment fee: $27.50.  

(g) Advertisement, impoundment: $55.00.  

(h) Sale, impoundment: $55.00.  

(i) Posting, impoundment: $55.00.  

(j) Copy charge/copy: $0.10 per page.  

(k) Police accident report: $5.00.  

(l) Zoning code, copy: $35.00.  

(m) Returned check processing fee: $30.00.  

(n) Tree maintenance business fee: $25.00.  

 (o) Court cost assessed for deposit to fund:  

(1) For technology fund: $4.00.  

(2) For building security fund: $3.00.  

ARTICLE A8.000. PARK FEES 

Sec. A8.001. Park pavilion fees. 

(a) Reservation fee:  

(1) Resident of the city: $100.00/event  

(2) Non-resident: $300.00/event  

(b) Deposit fee:  

(1) Resident deposit fee: $250.00/event which fee may be applied to pay the cost to repair any damage 
occurring during the period of use and/or to clean the area in the event of excessive litter or debris.  

(2) Non-resident deposit fee: $500.00/event which fee may be applied to pay the cost to repair any 
damage occurring during the period of use and/or to clean the area in the event of excessive litter or 
debris.  

Sec. A8.002. Facility rental fees (excluding the pavilion). 

(a) Adult fitness activities: Hatley Fields 1, 2, 3, 4 and 5 and the fieldhouse patio 

(1) 1-7 attendees for 1-5 Hours per week: $1,000 annually 

(2) 1-7 attendees for 6-10 hours per week: $1,200 annually 

(3) 8-20 attendees for 1-5 hours per week: $1,320 annually 

(4) 8-20 attendees for 6-10 hours per week: $1,800 annually 

(b) All other activities: Hatley Fields 1, 2, 3, 4 and 5 and the fieldhouse patio 

(1) $25/hour per location. 
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ARTICLE A9.000. WATER AND WASTEWATER FEES 

Sec. A9.001. Water capital recovery fees. 

(a) Water fees. The city will collect, on behalf of Austin and pursuant to that certain "2000 Agreement for 
Wholesale Water Services Between the City of Austin and the City of Rollingwood" dated effective February 
3, 2000, Austin's then-current water capital recovery fee from the city's customers for each service unit 
connected to the city's water system at the time the connection is made. The amount of the fees shall be 
calculated per service unit in accordance with the provisions of chapter 25-9 of the 1999 Austin City Code, as 
adopted by Austin. The number of service units for which the fee is charged shall be calculated per service 
unit in accordance with the provisions of chapter 25-9 of the 1999 Austin City Code, as adopted by Austin.  

 

Sec. A9.002. Water and wastewater tap fees. 

(a) Water tap fee (per service unit): $3,400.00.  

(b) Residential wastewater tap fee: $3,500.00. In addition, the following shall be added to the wastewater tap 
fee:  

(1) All capital recovery fees and other charges for new service units that are in excess of the total amount 
of $1,400.00 charged by the City of Austin ("COA") pursuant to that Agreement for Wholesale 
Wastewater Service between COA and the City of Rollingwood dated January 27, 1999, as may be 
amended or extended from time to time; and  

(2) An amount equal to 110 percent of the actual cost to the city to install a connection from the nearest 
available wastewater line to the boundary of the property (including the cost to restore affected street 
pavement and curbing).  

(c) Nonresidential wastewater tap fee (per service unit): $8,500.00.  

(d) Service unit table:  

Water Meter Size Type Service Units 

⅝"  Positive displacement  1  

¾"  Positive displacement  1.5  

1"  Positive displacement  2.5  

1½"  Positive displacement  5  

1½"  Turbine  8  

2"  Positive displacement  8  

2"  Turbine  10  

3"  Compound  16  

3"  Turbine  24  

4"  Compound  25  

4"  Turbine  42  

6"  Compound  50  

6"  Turbine  92  

8"  Turbine  160  

10"  Turbine  280  
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(e) Expedited fee. Installation of taps and connections for water and wastewater service is scheduled in the 
order a request and payment of fees is provided to the city, and in the reasonably expeditious regular course 
such services are provided by the city. Installation shall be arranged on a priority expedited basis upon 
request and payment of an additional fee calculated as follows:  

The applicable tap fee will be increased by the cost charged to the city by the city's designated third-party 
provider of service for the work of making the requested connection to the city's system. Such additional 
charge shall be the cost to the city of labor provided by the city's designated third-party provider; there shall 
be no additional charge for regular materials or fixtures included in the standard tap fee.  

Sec. A9.003. Wastewater service rates. 

(a) Rates. The rates to be charged by the city for wastewater collection and treatment services to its customers 
will be:  

(1) Residential customers. $13.07 base rate per month, plus $7.81 per 1,000 gallons based upon the 
current winter average.  

(2) Commercial customers. $91.07 per living unit equivalent, as that living unit equivalent is defined by 
policy of the city, assigned to the customer per month, plus $7.81 per 1,000 gallons of water usage as 
measured monthly.  

(b) Winter average calculation.  

(1) Each year, the city will determine each customer's winter water usage during the months of November, 
December, January, February, and March and calculate an average monthly water usage based on 
usage during such winter months. There will be a minimum average of at least 1,000 gallons. This 
average will be used to calculate the customer's volume wastewater charges until the next year, when 
the average will be recalculated. In addition, each year the city will determine an average during such 
winter months of monthly residential usage by all residential customers. Such average will be used to 
calculate volume charges for a customer who did not purchase water from the city for the entirety of 
the most recent winter average period, including those whose water supply is provided by one or more 
water wells.  

(2) For any residential connection that does not have adequate prior water use history from which to 
determine an accurate average, including those customers who do not purchase water from the city, 
the default average use shall be the average monthly usage of all residential water customers last 
determined pursuant to subsection (b)(1) of this section. Actual winter water usage for such a 
residential connection shall be utilized when/if the calculation is made the following year. Neither the 
city nor a customer shall be entitled to any adjustment for previous bills based on recalculation after 
employment of the default rate.  

(3) For residential customers with residential irrigation meters, water use of both household and irrigation 
meters shall be aggregated to determine the winter average water use.  

Sec. A9.004. Water service rates, fees and deposit. 

(a) Water demand charge. The fees to be charged by the city for services provided to each customer during each 
monthly billing cycle are as follows:  

Meter Size Monthly Fee 

⅝" or ¾"  $20.00  

1"  $30.00  
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1.5"  $80.00  

2"  $128.00  

3"  $240.00  

4"  $400.00  

6"  $800.00  

8"  $1,280.00  

 

(b) Water use charge. The rates to be charged by the city for services provided to each customer during each 
monthly billing cycle are:  

(1) For residential customers:  

(A) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 0 gallons and 
2,000 gallons: $2.00.  

(B) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 2,001 gallons and 
8,000 gallons: $5.00.  

(C) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 8,001 gallons and 
13,000 gallons: $7.00.  

(D) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 13,001 gallons 
and 25,000 gallons: $10.00.  

(E) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 25,001 gallons 
and 35,000 gallons: $15.00.  

(F) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 35,001 gallons 
and 50,000 gallons: $21.00.  

(G) Gallonage charge for each 1,000 gallons, or fraction thereof, over 50,000 gallons: $28.00.  

(2) For commercial customers:  

Charge for each 1,000 gallons, or fraction thereof: $6.25.  

(3) Irrigation:  

(A) Gallonage charge for each 1,000 gallons, or fraction between 0 gallons and 35,000 gallons: $7.25.  

(B) Gallonage charge for each 1,000 gallons, or fraction between 35,000 gallons and 50,000 gallons: 
$10.75.  

(C) Gallonage charge for each 1,000 gallons, or fraction over 50,000 gallons: $15.25.  

(4) Water use through residential irrigation meters shall be aggregated with household water use, and 
billed a combined total.  

(5) Rational surcharges for residential customers:  

(A) Allocation 0 gallons through 10,000 gallons per month:  

(i) $25.00 for the first 1,000 gallons over allocation.  

(ii) $50.00 for the second 1,000 gallons over allocation.  

(iii) $75.00 for the third 1,000 gallons over allocation.  

(iv) $100.00 for each additional 1,000 gallons over allocation.  

(B) Allocation 10,001 gallons per month or more:  
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(i) $50.00 per 1,000 gallons in excess of the allocation up through five percent above 
allocation.  

(ii) $100.00 per 1,000 gallons from five percent through ten percent above allocation.  

(iii) $150.00 per 1,000 gallons from ten percent through 15 percent above allocation.  

(iv) $200.00 per 1,000 gallons more than 15 percent above allocation.  

(6) Rational surcharges for industrial customers:  

(A) Allocation 0 gallons through 20,000 gallons per month:  

(i) $25.00 for the first 1,000 gallons over allocation.  

(ii) $50.00 for the second 1,000 gallons over allocation.  

(iii) $75.00 for the third 1,000 gallons over allocation.  

(iv) $100.00 for each additional 1,000 gallons over allocation.  

(B) Allocation 20,001 gallons per month or more:  

(i) $50.00 per 1,000 gallons in excess of the allocation up through five percent above 
allocation.  

(ii) $100.00 per 1,000 gallons from five percent through ten percent above allocation.  

(iii) $150.00 per 1,000 gallons from ten percent through 15 percent above allocation.  

(iv) $200.00 per 1,000 gallons more than 15 percent above allocation.  

 (c) Connection fees.  

(1) Charges for connecting water meters to the city water distribution system are as follows:  

¾-inch meter  $400.00  

1-inch meter  $550.00  

1½-inch meter  $790.00  

2-inch meter  $1,125.00  

3-inch meter  $2,100.00  

4-inch meter  $2,900.00  

6-inch meter  $5,500.00  

 

(2) Connection fees include neither the expense of cutting and repairing the pavement, nor the expense 
related to the use of heavy equipment, such as backhoes, rocksaws, or jackhammers, which may be 
required in making such connection. These expenses will be determined by the city, and will be paid by 
the applicant for water services.  

(d) Deposit.  

(1) A cash deposit shall be paid to the city by the applicant for water service. The deposit may be drawn 
upon by the city to reimburse itself for any amounts past due from the customer for water or 
wastewater service.  

(2) The required deposit shall be:  

(A) Residential: $500.00 regardless of the size of water meter.  

(B) Commercial shall be as follows:  

⅝- or ¾-inch meter  $500.00  

1-inch meter  $575.00  

Page 31 11.



 

 

2-inch meter  $625.00  

Larger than 2-inch meter  $800.00  

 

Sec. A9.005. Cross-connection inspection fees. 

(a) Residential property. The city's cross-connection inspection fees for residential property are as follows:  

(1) Slab: $25.00.  

(2) Wall: $25.00.  

(3) Fixture: $50.00.  

(4) Backflow: $75.00 for each device.  

(5) Fees for reinspection are $50.00 each, except for reinspection of backflow prevention devices, which 
will be $75.00 per device. The city will charge a reinspection fee in addition to the original cross-
connection inspection fee if the applicant's plumber misses the appointment for a scheduled 
inspection.  

(b) Commercial development. The city's cross-connection inspection fee for commercial development will be 
determined by the city's representative based upon the size and scope of such project.  

 

Sec. A9.006. Industrial waste permit and discharge fees. 

The city's industrial waste permit and discharge fees are as follows:  

(1) Annual permit fee: $400.00.  

(2) Transfer fee: $50.00.  

(3) Site development fee for construction plan review and inspection: $550.00.  

(4) Sampling and testing charges, including BOD, COD, TSS, oil and grease and pH analysis: Cost plus ten 
percent.  

(5) Surcharge. Any permit holder found to be discharging waste which exceeds the normal waste 
standards set forth in the regulations or to be discharging a substance prohibited under article 13.08 
shall be assessed a pro rata portion of the surcharge assessed against Rollingwood by Austin: 
Determined annually, payable in monthly installments.  

(6) Violation and enforcement charges. Any permit holder found to be in violation of article 13.08 shall be 
assessed a charge which recovers all of the city's costs relating to such violation, including but not 
limited to all costs of cleanup, administrative and professional fees, and fines and/or penalties levied 
by other governmental entities with jurisdiction: Cost plus ten percent.  

 

Sec. A9.007. Special charges. 

(a) A charge of $20.00 shall be imposed for each service call made to discontinue or reinstate water service.  

(b) Checks returned by a bank for insufficient funds shall be charged $12.00 and be redeposited.  
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RESOLUTION NO. 2022-11-16-11 

 

A RESOLUTION AMENDING THE FEE SCHEDULE OF THE CITY OF 

ROLLINGWOOD, TEXAS TO EXTABLISH PARK RENTAL RATES FOR ADULT 

FITNESS ACTIVITIES; PROVIDING FOR SEVERABILITY AND AN EFFECTIVE 

DATE 

 

WHEREAS, the City desires to amend the city’s fee schedule in to establish park rental rates for 

adult fitness activities.  

 

NOW THEREFORE BE IT RESOLVED BY THE CITY COUNCIL OF THE CITY OF 

ROLLINGWOOD, TEXAS, THAT: 

 

SECTION 1. The Fee Schedule of the City of Rollingwood, Texas is hereby amended as reflected 

in Appendix A with strikeouts being deletions and underlines being additions. 

 

SECTION 2.  This Resolution shall be effective immediately upon adoption. 

 

SECTION 3.     If any provision of this Resolution is found by a court of competent jurisdiction 

to be void or unenforceable, such void or unenforceable provision shall be severed as though it 

never formed a part of this Resolution, and all other provisions hereof shall remain in full force 

and effect. 

 

 PASSED AND ADOPTED BY THE CITY COUNCIL OF ROLLINGWOOD, TEXAS, 
on the 16th day of November, 2022. 

               

         ___________________________ 

         Gavin Massingill, Mayor 

ATTEST: 

_______________________ 

Desiree Adair, City Secretary 
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Appendix A: Fee Schedule 
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  FEE SCHEDULE 

ARTICLE A1.000. GENERAL PROVISIONS 

Sec. A1.001. Scope. 

The fees listed in the fee schedule shall be charged and collected by the city for the activities or uses 
indicated.  

Sec. A1.002. Conflicting provisions. 

This fee schedule, and in particular the fees set forth herein, controls over and supersedes any conflicting 
provisions in the city code.  

Sec. A1.003. Payment of consultant fees. 

(a) Payment required. All applicants shall pay all consultant fees incurred by the city that are associated with 
their applications referenced in the following articles (A2.000 and A3.000). No approvals will be issued in 
connection with their applications until all required fees have been paid to the city, regardless of the method 
used for collection of such fees.  

(b) Payment of deposit. When consultant fees are anticipated to be substantial, the city secretary or building 
official upon receipt of an application, may establish a deposit amount that is equivalent to the projected 
consultant fees to be incurred in connection with the application. The applicant shall deposit this amount 
with the city prior to any review, inspection, processing or other work being initiated by the city. A revised 
deposit amount may be established at any time when consultant fees are substantially different than 
originally projected, and additional amounts payable or refundable will be due at the time of issuance to the 
applicant of notice of a revised deposit amount. When a deposit is established, the application will not be 
considered as filed or complete until the deposit is paid. When a deposit is paid, all consultant fees incurred 
by the city that are associated with the application will be charged against this deposit. Upon completion of 
the consultant activities, the applicant shall pay any fees incurred by the city in excess of the deposit. Any 
excess deposit remaining after the payment of all consultant fees will be returned to the applicant.  

(c) Alternate procedure for substantial consulting fees. For large or complex development projects and other 
applications where an estimate of fees is determined to be impracticable, the city secretary, city engineer, 
public works director or building official will provide a list of the types of review, inspections, and 
determinations to be made by city consultants, together with hourly or customary fees charged by relevant 
consultants for the work. In the case of any ongoing inspection or review activities, such as utility 
construction review, a description of the anticipated incidence of such consultant work may be provided. In 
cases with protracted consultant activity, periodic invoices for costs incurred by the city may be issued to the 
applicant and shall be due and payable within 30 days of the issue date.  
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ARTICLE A2.000. BUILDING FEES 

Sec. A2.001. General fees. 

Fees include filing fees listed below, plus $0.25 per sq. ft. of project area, excluding areas defined only by 
linear feet. Plan reviews are included. Permit duration is 12 months with option for permit renewal requests.  

(1) Residential zoning district.  

(A) Residential new construction: $600.00.  

(B) Residential reconstruction: $600.00.  

(C) Residential addition:  

(i) Addition to residence with an increase in footprint or roof plan: $600.00.  

(ii) Addition to residence with no increase in footprint or roof plan: $225.00.  

(iii) Add swimming pool: $600.00.  

(iv) Add accessory building 200 sq. ft. to 500 sq. ft.: $225.00.  

(v) Fence greater than six ft. in height: $225.00.  

(D) Residential remodel: $225.00.  

(E) Extra plan review for revised or resubmitted residential plans:  

(i) New, reconstruction or addition resubmittal: $300.00.  

(ii) Remodel resubmittal: $175.00.  

(F) Permit renewal request: $125.00.  

(2) Commercial (nonresidential) zoning districts:  

(A) Commercial new construction of 10,000 sq. ft. or less: $1,200.00.  

(B) Commercial new over 10,000 sq. ft.: $1,500.00.  

(C) Commercial addition, remodel or finish out: $600.00.  

(D) Extra plan review for revised or resubmitted commercial plans:  

(i) New commercial resubmittal: $600.00.  

(ii) Addition, remodel, finish out resubmittal: $300.00.  

(E) Permit renewal request: $125.00.  

(3) Fence permit six ft. or less in height: $75.00.  

(4) Copy of an occupancy certificate: $1.00.  

Sec. A2.002. Emergency and utilities construction permits and duration. 

(a) MEP install, alter repair or retire service within six months: $75.00.  

(b) Street cut install, alter or retire gas service and repair street within six months: No fee per franchise utility 
provider agreement.  

(c) Install bedroom emergency egress windows in sleeping areas within three months: $75.00.  
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Sec. A2.003. Inspections. 

(a) Applicable inspections. Inspections for the purpose of measuring compliance with provisions of chapter 3 
building regulations and chapter 14 zoning are required and performed under the authority of the building 
official.  

(b) Payment of inspections required. Permittees prepay the required inspections at the time the permit is 
issued. At close out of the permit, permittees pay for all other inspections performed during the course of 
the permit, including on-site inspections, reinspections and other engineer reviews for compliance as 
required by the building official.  

(c) Inspection fee: $75.00.  

ARTICLE A3.000. DEVELOPMENT AND ZONING FEES 

(a) Annexation request: $600.00.  

(b) Commercial site development permit: Collect actual consultant fees incurred per section A1.003(c).  

(c) Curb cut and repair permit: $175.00.  

(d) Demolition:  

(1) Demolish building: $600.00.  

(2) Demolish structure attached to building: $225.00.  

(e) Excavation or land fill fee: $175.00.  

(f) House moving: $600.00.  

(g) Master plan or PUD: $1,100.00 plus $0.10/sq. ft.  

(h) Plat approval:  

(1) Subdivision application: $1,200.00.  

(2) Per lot fee: $300.00.  

(i) Plat variance, per lot: $300.00.  

(j) Residential irrigation permit fee: $75.00.  

(k) Residential site development permit:  

(1) New construction: $2,000.00.  

(2) Addition: $1,200.00.  

(3) Minor impervious cover addition: $500.00.  

(l) Special use permit: $700.00.  

(m) Vacation fee: $1,200.00.  

(n) Variance: $300.00.  

(o) Zoning change: $600.00.  

ARTICLE A4.000. ON-SITE WASTEWATER FEES 

(a) Residential: $440.00.  
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(b) Commercial: $550.00.  

(c) Tank replacement/subst. modification: $220.00.  

(d) Plan review: $82.50.  

(e) Inspection fee, separate:  

(1) Residential: $150.00.  

(2) Commercial: $200.00.  

(f) State fee: $10.00.  

ARTICLE A5.000. SIGN FEES 

(a) Commercial - permanent (complete construction within six months): $125.00.  

(b) Commercial - temporary (display 30 days): $75.00.  

(c) Multi-business/monument (complete construction within six months): $150.00.  

(d) Sign variance: $165.00.  

ARTICLE A6.000. LICENSES AND PERMITS 

(a) Alcoholic beverage permit: one-half fee imposed by state.  

(b) Reserved.  

(c) Fire prevention inspection: $27.50.  

(d) Massage establishment fee: $110.00.  

(e) Massage operator fee: $55.00.  

(f) Ham radio fee: $165.00.  

(g) Reserved.  

(h) Commercial solid waste permit/year/company: $110.00.  

(i) Solicitation/six months: $100.00.  

(j) Food establishment permits and inspections:  

(1) Food establishment permit (including food processing plant or warehouse):  

(A) 1 to 9 employees: $310.00.  

(B) 10 to 25 employees: $425.00.  

(C) 26 to 50 employees: $620.00.  

(D) 51 to 100 employees: $805.00.  

(E) Over 100 employees: $990.00.  

(F) Expired permit late fee: $100.00.  

(2) Mobile food unit permit (fee per unit):  

(A) Restricted operation: $90.00.  

(B) Unrestricted operation: $210.00.  
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(3) Temporary food establishment permit:  

(A) 2 calendar days or less: $35.00/booth.  

(B) 3-5 calendar days: $70.00/booth.  

(C) 6-14 calendar days: $90.00/booth.  

(D) Expired permit fee: $100.00.  

(4) Food establishment plan review:  

(A) New construction or change of owner: $250.00.  

(B) Remodel of permitted facility:  

(i) Greater than 10,000 sq. ft.: $250.00.  

(ii) 2,500-9,999 sq. ft.: $165.00.  

(iii) Less than 2,500 sq. ft.: $60.00.  

(5) Food service, retail food and food processing plant or warehouse annual permit fees:  

(A) Low risk/small (1C): $359.00.  

(B) Low risk/medium (1B): $378.00.  

(C) Low risk/large (1A): $416.00.  

(D) Medium risk/small (2C): $532.00.  

(E) Medium risk/medium (2B): $608.00.  

(F) Medium risk/large (2A): $684.00.  

(G) High risk/small (3C): $601.00.  

(6) Certified farmers market, mobile vendor, temporary food establishment and vending machine annual 
permit fees:  

(A) Certified farmers market annual permits:  

(ii) Class A: $177.00.  

(ii) Class B: $333.00.  

(iii) Class C: $622.00.  

(B) Mobile vendor annual permit fees:  

(i) Application fee: $105.00.  

(ii) Unrestricted permit/unit: $290.00.  

(iii) Restricted permit/unit: $212.00.  

(iv) Re-inspection: $13,000.00.  

(v) AFD fire inspection: $125.00.  

(vi) AFD fire re-inspection: $75.00.  

(C) Temporary food establishments:  

(i) 1 calendar day: $35.00/booth.  

(ii) 2—5 calendar days: $102.00/booth.  

(iii) 6—14 calendar days: $155.00/booth.  
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(iv) Expedited permit: $100.00 additional.  

(D) Vending machines:  

(i) Application fee: $120.00.  

(ii) Permit fee: $25.00/machine.  

(7) Food enterprise inspection fees, variance request fees:  

(A) Certificate of occupancy: $224.00.  

(B) Change of ownership inspection: $192.00.  

(C) Variance request/HACCP review: $290.00.  

(D) Inspection outside normal hours: $144.00.  

(E) Re-inspection: $130.00.  

(F) Central preparation facility registration: $150.00.  

(8) Food enterprise plan reviews:  

(A) New construction: $298.00.  

(B) Remodel of permitted facility:  

(i) More than 10,000 sq. ft.: $298.00.  

(ii) 2,500—10,000 sq. ft.: $254.00.  

(iii) Less than 2,500 sq. ft.:$211.00.  

(k) Network nodes in public right-of-way:  

(1) Up to five network nodes in the same application: $500.00.  

(2) Each additional network node: $250.00.  

(3) Each node support pole: $1,000.00.  

(4) Annual rate per node in the city public right-of-way: $250.00.  

(5) Rate to collocate a network node on a service pole on the public right-of-way, per pole, per year: 
$20.00.  

(l) Residential stormwater discharge permit:  

(1) Nonrefundable permit application fee: $3,500.00.  

(2) Permit fee: $6.00 per square foot as reflected in the area multiplier project square footage on a 
residential building permit application.  

(m) Alcoholic beverage, fire prevention, amateur radio antenna, solid waste, solicitation permit fees:  

(1) Alcoholic beverage permit: one-half the fee imposed by the state.  

(2) Fire prevention inspection: $27.50.  

(3) Amateur radio antenna: $165.00.  

(4) Commercial solid waste permit/year/company: $110.00.  

(5) Solicitation/six months: $100.00.  
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ARTICLE A7.000. MISCELLANEOUS FEES 

(a) Gasoline tank inspection: $55.00.  

(b) Gasoline bulk storage: $110.00.  

(c) Gasoline pumps: $110.00.  

(d) Natural gas inspection: $55.00.  

 (e) Animal control fees:  

(1) Impoundment fee: Established by the administrators of the city pound.  

(2) Dangerous dog annual registration fee: $50.00.  

 

 (f) Property impoundment fee: $27.50.  

(g) Advertisement, impoundment: $55.00.  

(h) Sale, impoundment: $55.00.  

(i) Posting, impoundment: $55.00.  

(j) Copy charge/copy: $0.10 per page.  

(k) Police accident report: $5.00.  

(l) Zoning code, copy: $35.00.  

(m) Returned check processing fee: $30.00.  

(n) Tree maintenance business fee: $25.00.  

 (o) Court cost assessed for deposit to fund:  

(1) For technology fund: $4.00.  

(2) For building security fund: $3.00.  

ARTICLE A8.000. PARK FEES 

Sec. A8.001. Park pavilion fees. 

(a) Reservation fee:  

(1) Resident of the city: $100.00/event  

(2) Non-resident: $300.00/event  

(b) Deposit fee:  

(1) Resident deposit fee: $250.00/event which fee may be applied to pay the cost to repair any damage 
occurring during the period of use and/or to clean the area in the event of excessive litter or debris.  

(2) Non-resident deposit fee: $500.00/event which fee may be applied to pay the cost to repair any 
damage occurring during the period of use and/or to clean the area in the event of excessive litter or 
debris.  
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Sec. A8.002. Facility rental fees (excluding the pavilion). 

(a) Adult fitness activities: Hatley Fields 1, 2, 3, 4 and 5 and the fieldhouse patio 

(1) 1-7 attendees for 1-5 Hours per week: $1,000 annually 

(2) 1-7 attendees for 6-10 hours per week: $1,200 annually 

(3) 8-20 attendees for 1-5 hours per week: $1,320 annually 

(4) 8-20 attendees for 6-10 hours per week: $1,800 annually 

(a) (b)     All other activities: Hatley Fields 1, 2, 3, 4 and 5 and the fieldhouse patio:  

(1) $25/hour per location 

 

ARTICLE A9.000. WATER AND WASTEWATER FEES 

Sec. A9.001. Water capital recovery fees. 

(a) Water fees. The city will collect, on behalf of Austin and pursuant to that certain "2000 Agreement for 
Wholesale Water Services Between the City of Austin and the City of Rollingwood" dated effective February 
3, 2000, Austin's then-current water capital recovery fee from the city's customers for each service unit 
connected to the city's water system at the time the connection is made. The amount of the fees shall be 
calculated per service unit in accordance with the provisions of chapter 25-9 of the 1999 Austin City Code, as 
adopted by Austin. The number of service units for which the fee is charged shall be calculated per service 
unit in accordance with the provisions of chapter 25-9 of the 1999 Austin City Code, as adopted by Austin.  

 

Sec. A9.002. Water and wastewater tap fees. 

(a) Water tap fee (per service unit): $3,400.00.  

(b) Residential wastewater tap fee: $3,500.00. In addition, the following shall be added to the wastewater tap 
fee:  

(1) All capital recovery fees and other charges for new service units that are in excess of the total amount 
of $1,400.00 charged by the City of Austin ("COA") pursuant to that Agreement for Wholesale 
Wastewater Service between COA and the City of Rollingwood dated January 27, 1999, as may be 
amended or extended from time to time; and  

(2) An amount equal to 110 percent of the actual cost to the city to install a connection from the nearest 
available wastewater line to the boundary of the property (including the cost to restore affected street 
pavement and curbing).  

(c) Nonresidential wastewater tap fee (per service unit): $8,500.00.  

(d) Service unit table:  

Water Meter Size Type Service Units 

⅝"  Positive displacement  1  

¾"  Positive displacement  1.5  

1"  Positive displacement  2.5  

Page 42 11.



 

 

1½"  Positive displacement  5  

1½"  Turbine  8  

2"  Positive displacement  8  

2"  Turbine  10  

3"  Compound  16  

3"  Turbine  24  

4"  Compound  25  

4"  Turbine  42  

6"  Compound  50  

6"  Turbine  92  

8"  Turbine  160  

10"  Turbine  280  

 

 

(e) Expedited fee. Installation of taps and connections for water and wastewater service is scheduled in the 
order a request and payment of fees is provided to the city, and in the reasonably expeditious regular course 
such services are provided by the city. Installation shall be arranged on a priority expedited basis upon 
request and payment of an additional fee calculated as follows:  

The applicable tap fee will be increased by the cost charged to the city by the city's designated third-party 
provider of service for the work of making the requested connection to the city's system. Such additional 
charge shall be the cost to the city of labor provided by the city's designated third-party provider; there shall 
be no additional charge for regular materials or fixtures included in the standard tap fee.  

Sec. A9.003. Wastewater service rates. 

(a) Rates. The rates to be charged by the city for wastewater collection and treatment services to its customers 
will be:  

(1) Residential customers. $13.07 base rate per month, plus $7.81 per 1,000 gallons based upon the 
current winter average.  

(2) Commercial customers. $91.07 per living unit equivalent, as that living unit equivalent is defined by 
policy of the city, assigned to the customer per month, plus $7.81 per 1,000 gallons of water usage as 
measured monthly.  

(b) Winter average calculation.  

(1) Each year, the city will determine each customer's winter water usage during the months of November, 
December, January, February, and March and calculate an average monthly water usage based on 
usage during such winter months. There will be a minimum average of at least 1,000 gallons. This 
average will be used to calculate the customer's volume wastewater charges until the next year, when 
the average will be recalculated. In addition, each year the city will determine an average during such 
winter months of monthly residential usage by all residential customers. Such average will be used to 
calculate volume charges for a customer who did not purchase water from the city for the entirety of 
the most recent winter average period, including those whose water supply is provided by one or more 
water wells.  

(2) For any residential connection that does not have adequate prior water use history from which to 
determine an accurate average, including those customers who do not purchase water from the city, 
the default average use shall be the average monthly usage of all residential water customers last 
determined pursuant to subsection (b)(1) of this section. Actual winter water usage for such a 
residential connection shall be utilized when/if the calculation is made the following year. Neither the 
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city nor a customer shall be entitled to any adjustment for previous bills based on recalculation after 
employment of the default rate.  

(3) For residential customers with residential irrigation meters, water use of both household and irrigation 
meters shall be aggregated to determine the winter average water use.  

Sec. A9.004. Water service rates, fees and deposit. 

(a) Water demand charge. The fees to be charged by the city for services provided to each customer during each 
monthly billing cycle are as follows:  

Meter Size Monthly Fee 

⅝" or ¾"  $20.00  

1"  $30.00  

1.5"  $80.00  

2"  $128.00  

3"  $240.00  

4"  $400.00  

6"  $800.00  

8"  $1,280.00  

 

(b) Water use charge. The rates to be charged by the city for services provided to each customer during each 
monthly billing cycle are:  

(1) For residential customers:  

(A) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 0 gallons and 
2,000 gallons: $2.00.  

(B) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 2,001 gallons and 
8,000 gallons: $5.00.  

(C) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 8,001 gallons and 
13,000 gallons: $7.00.  

(D) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 13,001 gallons 
and 25,000 gallons: $10.00.  

(E) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 25,001 gallons 
and 35,000 gallons: $15.00.  

(F) Gallonage charge for each 1,000 gallons, or fraction thereof, of usage between 35,001 gallons 
and 50,000 gallons: $21.00.  

(G) Gallonage charge for each 1,000 gallons, or fraction thereof, over 50,000 gallons: $28.00.  

(2) For commercial customers:  

Charge for each 1,000 gallons, or fraction thereof: $6.25.  

(3) Irrigation:  

(A) Gallonage charge for each 1,000 gallons, or fraction between 0 gallons and 35,000 gallons: $7.25.  

(B) Gallonage charge for each 1,000 gallons, or fraction between 35,000 gallons and 50,000 gallons: 
$10.75.  

(C) Gallonage charge for each 1,000 gallons, or fraction over 50,000 gallons: $15.25.  
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(4) Water use through residential irrigation meters shall be aggregated with household water use, and 
billed a combined total.  

(5) Rational surcharges for residential customers:  

(A) Allocation 0 gallons through 10,000 gallons per month:  

(i) $25.00 for the first 1,000 gallons over allocation.  

(ii) $50.00 for the second 1,000 gallons over allocation.  

(iii) $75.00 for the third 1,000 gallons over allocation.  

(iv) $100.00 for each additional 1,000 gallons over allocation.  

(B) Allocation 10,001 gallons per month or more:  

(i) $50.00 per 1,000 gallons in excess of the allocation up through five percent above 
allocation.  

(ii) $100.00 per 1,000 gallons from five percent through ten percent above allocation.  

(iii) $150.00 per 1,000 gallons from ten percent through 15 percent above allocation.  

(iv) $200.00 per 1,000 gallons more than 15 percent above allocation.  

(6) Rational surcharges for industrial customers:  

(A) Allocation 0 gallons through 20,000 gallons per month:  

(i) $25.00 for the first 1,000 gallons over allocation.  

(ii) $50.00 for the second 1,000 gallons over allocation.  

(iii) $75.00 for the third 1,000 gallons over allocation.  

(iv) $100.00 for each additional 1,000 gallons over allocation.  

(B) Allocation 20,001 gallons per month or more:  

(i) $50.00 per 1,000 gallons in excess of the allocation up through five percent above 
allocation.  

(ii) $100.00 per 1,000 gallons from five percent through ten percent above allocation.  

(iii) $150.00 per 1,000 gallons from ten percent through 15 percent above allocation.  

(iv) $200.00 per 1,000 gallons more than 15 percent above allocation.  

 (c) Connection fees.  

(1) Charges for connecting water meters to the city water distribution system are as follows:  

¾-inch meter  $400.00  

1-inch meter  $550.00  

1½-inch meter  $790.00  

2-inch meter  $1,125.00  

3-inch meter  $2,100.00  

4-inch meter  $2,900.00  

6-inch meter  $5,500.00  

 

(2) Connection fees include neither the expense of cutting and repairing the pavement, nor the expense 
related to the use of heavy equipment, such as backhoes, rocksaws, or jackhammers, which may be 
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required in making such connection. These expenses will be determined by the city, and will be paid by 
the applicant for water services.  

(d) Deposit.  

(1) A cash deposit shall be paid to the city by the applicant for water service. The deposit may be drawn 
upon by the city to reimburse itself for any amounts past due from the customer for water or 
wastewater service.  

(2) The required deposit shall be:  

(A) Residential: $500.00 regardless of the size of water meter.  

(B) Commercial shall be as follows:  

⅝- or ¾-inch meter  $500.00  

1-inch meter  $575.00  

2-inch meter  $625.00  

Larger than 2-inch meter  $800.00  

 

Sec. A9.005. Cross-connection inspection fees. 

(a) Residential property. The city's cross-connection inspection fees for residential property are as follows:  

(1) Slab: $25.00.  

(2) Wall: $25.00.  

(3) Fixture: $50.00.  

(4) Backflow: $75.00 for each device.  

(5) Fees for reinspection are $50.00 each, except for reinspection of backflow prevention devices, which 
will be $75.00 per device. The city will charge a reinspection fee in addition to the original cross-
connection inspection fee if the applicant's plumber misses the appointment for a scheduled 
inspection.  

(b) Commercial development. The city's cross-connection inspection fee for commercial development will be 
determined by the city's representative based upon the size and scope of such project.  

 

Sec. A9.006. Industrial waste permit and discharge fees. 

The city's industrial waste permit and discharge fees are as follows:  

(1) Annual permit fee: $400.00.  

(2) Transfer fee: $50.00.  

(3) Site development fee for construction plan review and inspection: $550.00.  

(4) Sampling and testing charges, including BOD, COD, TSS, oil and grease and pH analysis: Cost plus ten 
percent.  

(5) Surcharge. Any permit holder found to be discharging waste which exceeds the normal waste 
standards set forth in the regulations or to be discharging a substance prohibited under article 13.08 
shall be assessed a pro rata portion of the surcharge assessed against Rollingwood by Austin: 
Determined annually, payable in monthly installments.  
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(6) Violation and enforcement charges. Any permit holder found to be in violation of article 13.08 shall be 
assessed a charge which recovers all of the city's costs relating to such violation, including but not 
limited to all costs of cleanup, administrative and professional fees, and fines and/or penalties levied 
by other governmental entities with jurisdiction: Cost plus ten percent.  

 

Sec. A9.007. Special charges. 

(a) A charge of $20.00 shall be imposed for each service call made to discontinue or reinstate water service.  

(b) Checks returned by a bank for insufficient funds shall be charged $12.00 and be redeposited.  
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: November 16, 2022 

Submitted By:  

Staff 

Agenda Item:  

Discussion and possible action on a Resolution amending the fee schedule to reflect the park 

rental rates for adult fitness activities as approved at the October 19, 2022 City Council Meeting 

Description:  

At the October City Council Meeting the City Council approved a recommendation from the Park 

Commission to amend the facility rental rates for adult fitness activities.  

This item is to to formally update the fee changes consistent with what was adopted. 

Action Requested:  

To approve a Resolution amending the fee schedule to reflect the park rental rates for adult 

fitness activities as approved at the October 19, 2022 City Council Meeting 

Fiscal Impacts:  

No significant fiscal impact anticipated at this time 

Attachments: 

 Resolution amending the fee schedule with Appendix A, proposed amendments 

 Clean version of Fee Schedule amended as proposed 
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: November 16, 2022 

Submitted By:  

Staff 

Agenda Item:  

Discussion and possible action on an Ordinance amending section 32-38 No parking signs of 

the City's Code of Ordinances to correct printing errors and reflect action previously taken by the 

City Council  

Description:  

At the May 18, 2022 City Council Meeting, the City Council discussed inconsistencies between 

the no parking areas in the city that were specified in the code, and those that were actually 

identified in the city with no parking signs and yellow curbs. The proposed changes were 

discussed and were to be brought back at the next meeting for final adoption in the form of an 

ordinance.  

At the June 15, 2022 City Council Meeting the ordinance that was brought back and adopted by 

the City Council contained an error that was not consistent with the discussions at the May 

meeting. The discussion regarding Edgegrove Drive was to amend the no parking area to be 

consistent with what had been painted previously, which was from Bee Caves Road to 

Rollingwood Drive, but the Ordinance stated that the no parking area was only from Bee Caves 

Road to Timberline Drive.  

This ordinance amends Section 32-38 (3) to strike “Timberline” and add “Rollingwood” Drive.  

Action Requested:  

To consider approval of an Ordinance amending section 32-38 No parking signs of the City's 

Code of Ordinances to correct printing errors and reflect action previously taken by the City 

Council  

Fiscal Impacts:  

No significant fiscal impact anticipated at this time 

Attachments: 

 Resolution amending Section 32-38 of the City’s Code of Ordinances 
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ORDINANCE NO. 2022-11-16-12 1 
 2 

AN ORDINANCE AMENDING PART I OF THE CITY’S 3 

CODE OF ORDINANCES, CHAPTER 32, ARTICLE II, 4 
SECTION 32-38 NO PARKING SIGNS 5 

 6 
WHEREAS, the City of Rollingwood is a General Law Type A City under the statutes of 7 

the State of Texas; and 8 

 9 
WHEREAS, the City Council of the City of Rollingwood (“City Council”) previously 10 

directed the placement, replacement, and maintenance of no parking signs on various streets; and 11 
 12 

WHEREAS, at the June 15, 2022 City Council Meeting, the City Council found and 13 
determined that revisions to Section 32-38 of the City’s Code of Ordinances were necessary, based 14 
on earlier public discussions regarding the desired amendments to this section; and 15 
 16 

WHEREAS, the ordinance passed contained one error that did not reflect previous 17 

discussions regarding the desired amendments to this section; and 18 

 19 
WHEREAS, the City Council now finds and determines it necessary to further amend 20 

Section 32-38 of the City’s Code of Ordinances to correct that error; and 21 
 22 

WHEREAS, the City Council finds and determines that the amendments to the no parking 23 
regulations provided for herein are in the best interests of the public health and safety of the public. 24 

 25 

NOW THEREFORE BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY OF 26 
ROLLINGWOOD, TEXAS, THAT: 27 
 28 
SECTION 1.  All the above premises are hereby found to be true and correct legislative and factual 29 

findings of the City Council and are hereby approved and incorporated into the body of this 30 
Ordinance as if copied in their entirety. 31 
  32 

SECTION 2.  Part I of the City’s Code of Ordinances Chapter 32, Article II, Section 32-38 is 33 
hereby amended as follows, with strikethroughs being deletions and underlines being additions: 34 
 35 
The city council hereby prohibits parking in the following areas and manner and has directed the 36 

placement of no parking signs as follows:  37 
 38 

(1) Bee Cave Woods Drive. Along both sides of Bee Cave Woods Drive beginning at 39 

its intersection with Bee Cave Road and terminating at the end of the city's 40 
jurisdictional limit.  41 
 42 

(2) Bettis Boulevard. On the north and south curbs of Bettis Boulevard, in the 2300 43 
block of Bettis Boulevard, between the hours of 9:00 p.m. and 6:00 a.m.  44 

 45 
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(3) Edgegrove Drive. On the east and west curbs of Edgegrove Drive between Bee 46 
Caves Road and Timberline Rollingwood Drive. 47 

 48 
(4) Gentry Drive. On the north curb of Gentry Drive from Rollingwood Drive to Nixon 49 

Drive and on the south curb of Gentry Drive from Rollingwood Drive for a distance 50 
of 150 feet.  51 

 52 
(5) Hatley Drive. On the east and west curbs of Hatley Drive between Wallis Drive and 53 

Ashworth Drive. 54 

 55 
(6) Nixon Drive.  56 

a. On the west curb of Nixon Drive between Gentry Drive and Park Hills 57 

Drive.  58 
b. On the east curb of Nixon Drive between the parking lot entrance and Park 59 

Hills Drive. 60 

 61 
(7) Rollingwood Drive.  62 

 63 
a. On the north curb of Rollingwood Drive between Wallis Drive and Gentry 64 

Drive.  65 

 66 
b. On the south curb of Rollingwood Drive between Riley Road and 67 

Timberline Drive.  68 
 69 

 (8) Wallis Drive. On the west curb of Wallis Drive extending 250 feet north from 70 
Rollingwood Drive.  71 

 72 
(9) Timberline Drive.  73 

 74 

a. On the north curb of Timberline Drive from Inwood Drive to the driveway 75 
of 4811 Timberline Drive. 76 

 77 
b. On the south curb of Timberline Drive from Inwood Drive to the driveway 78 

of 4808 Timberline Drive 79 
 80 

(10) Ashworth Drive. On the west curb of Ashworth Drive between the driveway of 202 81 
Ashworth Drive and Hatley Drive. 82 

 83 

 84 
SECTION 3.  All provisions of the ordinances of the City of Rollingwood in conflict with the 85 

provisions of this ordinance are hereby repealed to the extent of such conflict, and all other 86 
provisions of the ordinances of the City of Rollingwood not in conflict with the provisions of this 87 
ordinance shall remain in full force and effect.  88 
 89 
SECTION 4. Should any sentence, paragraph, clause, phrase or section of this ordinance be 90 
adjudged or held to be unconstitutional, illegal or invalid, the same shall not affect the validity of 91 
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this ordinance as a whole, or any part or provision thereof other than the part so decided to be 92 
invalid, illegal or unconstitutional, and shall not affect the validity of the Code of Ordinances as a 93 
whole. 94 
 95 

SECTION 5. This ordinance shall take effect immediately from and after its passage and the 96 
publication of the caption as the law provides. 97 
 98 
APPROVED, PASSED AND ADOPTED by the City Council of the City of Rollingwood, Texas, 99 
on the 16th day of November, 2022. 100 

 101 
 102 

APPROVED: 103 

 104 
 105 
      _______________________________ 106 

      Gavin Massingill, Mayor 107 
 108 

ATTEST: 109 
 110 
_____________________________ 111 

Desiree Adair, City Secretary 112 
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: November 16, 2022 

Submitted By:  

Staff 

Agenda Item:  

Discussion and possible action on an appeal of the City Engineer’s denial of a request for 

alternative methods of design for drainage facilities for 208 Ashworth Drive 

Description:  

The property owner of 208 Ashworth Drive is in the process of obtaining building permits for a 

new residence and swimming pool. They have proposed construction plans that include a 

maximum cut of approximately fourteen (14) feet of depth into the existing natural terrain of the 

property, which is not in compliance with section 103-235(5) of the city’s Code of Ordinances, 

which limits maximum allowable depths of cut to eight (8) vertical feet.  

The applicant originally submitted a request for a variance to the Board of Adjustment, but after 

legal review, it was determined that the Board of Adjustment was not the correct avenue for this 

request as section 103-235(5) is not in the Zoning Code. Please note that this processing error 

is why the applicant’s letter is addressed to the Board of Adjustment and refers to seeking a 

variance, however, the request has not changed other than that it is now being considered as 

an appeal to the City Council. 

It was then determined that the next step for this request was for it to be submitted as a request 

for an alternative method of design per section 103-206(b) of the City’s Code of Ordinances. 

This section states that “Alternative methods of design of drainage facilities may be considered 

where performance is demonstrated through sound engineering practices to meet the 

performance requirements of this article. If any condition requiring some additional measure of 

protection is identified as necessary to conform to the purpose identified in section 103-199, the 

applicant's engineer shall make provision therefor in the design of the development.” 

The City Engineer reviewed the request for relief from Section 103-235(5) and recommended 

denial on the basis that the alternative method of design provisions of the code are not 

applicable to a request such as this. They interpreted the alternative method of design process 

to apply to the design of drainage facilities only; not site design criteria in general, such as cut or 

fill.   

The City Engineer further noted that although the applicant has demonstrated that the proposed 

cut would not negatively impact surrounding properties, the alternative method of design 

process does not apply in this case.  
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The applicant’s only other recourse based on the relief procedures provided by the City’s Code 

of Ordinances is to appeal the City Engineers determination to the City Council, Section 103-

208(a) of the city’s Code of Ordinances, for further consideration and potential approval.  

Action Requested:  

Take action on an appeal of the City Engineer’s denial of a request for approval of an alternative 

methods of design for drainage facilities at 208 Ashworth Drive 

Fiscal Impacts:  

No significant fiscal impact anticipated at this time 

Attachments: 

 208 Ashworth Drive – Drainage Plans 

 208 Ashworth Drive – Site plan 

 208 Ashworth Drive – Pictures 

 208 Ashworth Drive – Applicant Submittal Letter and Attachments 

 Memo from K. Friese and Associates Re: Alternative Method of Design 
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Land Answers, Inc
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1 

 
 
 
November 14, 2022 
 
 
Andy Richardson 
Cornerstone Architects 
700 Bee Cave Road #200 
Austin, TX 78746                             Sent Via: Email 

RE: 208 Ashworth Drive – Request for Approval of Alternative Method 

KFA has reviewed a third submittal of the plans associated with the request for permit for the 
construction of a swimming pool within the rear yard of the property located at 208 Ashworth 
Drive. The construction plans propose a maximum cut of approximately fourteen (14) feet of depth 
into the existing natural terrain of the property for the construction of the proposed pool.  

Section 103-235(5) of the City’s Code of Ordinances limits maximum allowable depths of cut to 
eight (8) vertical feet. Therefore, the submitted construction plans do not comply with the city’s 
code and propose to exceed the maximum allowable cut by six (6) feet.  

KFA understands that you are requesting relief from Section 103-235(5) above, per Section 103-
206(b) of the City’s Code of Ordinances, which states the following: 

Alternative methods of design of drainage facilities may be considered where performance is 
demonstrated through sound engineering practices to meet the performance requirements of 
this article. If any condition requiring some additional measure of protection is identified as 
necessary to conform to the purpose identified in section 103‐199, the applicant's engineer shall 
make provision therefor in the design of the development. 

KFA has further reviewed the request for relief from Section 103-235(5) per the Alternative 
Method of Design approval process and recommends denial for the following reasons: 

1. Based on KFA’s interpretation, the Alternative Method of Design provisions of the code 
are not applicable to this request. KFA interprets the alternative method of design 
process to apply to the design of drainage facilities only; not site design criteria in 
general, such as cut or fill.  

2. Although the request demonstrates that the proposed cut would not negatively impact 
surrounding properties, the alternative method of design process simply does not apply 
in this case, because the applicant is not proposing one drainage facility design in-lieu of 
another.  The applicant has merely demonstrated that exceeding a minimum 
dimensional standard of the code – in this case, maximum cut into existing grade – does 
not cause an adverse impact. 
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RE: 208 Ashworth Drive –Request for Approval of Alternative Method 
November 14, 2022 

 

2 

 

KFA Understands that per Section 103-208(a) you may appeal this rejection for alternative 
method of compliance, to the City of Rollingwood City Council.  Should you wish to appeal, please 
contact City Staff at (512) 327-1838 for further assistance and coordination. 

 

Should you have any additional questions pertaining to KFA’s determination and this letter, please 
feel free to contact me directly.  
 
 
Respectfully, 
 
 
 
 
Tyson Hasz, PE 
Project Engineer 
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Appeal Request to 

Rollingwood City 

Council for Approval 

of Alternative 

Drainage Method

208 Ashworth Drive
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Site 
Topography
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Street View Side Yard View
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Upstream Drainage Area is

Approximately 30,000 SF

Property Profile Upstream Drainage Area - 26,000 SF
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Notes
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ft

This product is for informational purposes and may not have been prepared for

or be suitable for legal, engineering, or surveying purposes. It does not

represent an on-the-ground survey. This product has been produced by the City

of Austin for the sole purpose of geographic reference. No warranty is made by

the City of Austin regarding specific accuracy or completeness.11/13/2022
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Significant Hillside Erosion is Evident
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Drainage Runoff Along 
Southern Side Property 
Line

Drainage and Erosion 
Through Center of Site
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Proposed 

Development 

Plan
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Proposed 

Development 

Plan

No Regrading Within 10 Feet of 
Side or Rear Property Lines
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Proposed 

Development 

Plan

Preserves All Existing 
Perimeter Trees
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Letters of Support from all 

three Adjacent Neighbors
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Residential Lots within 

the City of Rollingwood

with a 12 to 17 Foot Tall 

Hill in the Rear Yard

Property Profile Rollingwood Lots with 12-14' Tall Hill in Rear Yard
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of Austin for the sole purpose of geographic reference. No warranty is made by

the City of Austin regarding specific accuracy or completeness.11/12/2022
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306 Pleasant Dr.

Property Profile 306 Pleasant Drive
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210 Ashworth Dr.

208 Ashworth Dr.

306 Pleasant Dr.

There are Only Three 
Residential Lots in the entire
City of Rollingwood with Hills 
in the Rear Yard which are 
Taller than 8 Feet
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Drainage Project Update
301 Nixon-303 Nixon-2910 Hatley Dr.

2022-11-16 City Council Meeting

Duncan Ashworth 

2910 Hatley Dr.

Rollingwood, TX  

78746
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Mike Marin property

David Beisner property

Scope of this 
Presentation
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Progress Report

• Completed
• Mike Marin and Duncan Ashworth agreed on new ditch boundaries and marked 

them with stakes. Sara Hutson and Gavin Massingill attended. October 13
• Met with Abe Salinas (K. Friese engineering) and walked the property to review the 

locations of the stakes. October 20
• Attendees: 

• Gavin Massingill (City Mayor)
• Mike Marin (303 Nixon)
• Desiree Adair (City Secretary)
• Kevin Schell (300 Pleasant Dr.)
• Ashley Wayman (City Administrator)
• Duncan Ashworth (2910 Hatley Dr.)

• City of Rollingwood received Abe’s initial desk review on October 28. The City 
reviewed his initial assessments October 31 and Abe thinks there is an opportunity 
to move forward with the plan based on the input they received in the field. 
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Progress Report
• Yet To Go

• The City of Rollingwood (per November 1 email) is going to approve Abe to go ahead 
and reschedule a field survey with him present.  
• END DATE????

• Final plans from K. Friese. 
• END DATE????

• K. Friese marks channel with spray paint. 
• END DATE????

• Smooth tapering of concrete floor of Hatley Dr. culvert. 
• START DATE????
• END DATE????

• Excavation starts. 
• START DATE????
• END DATE????

• Rock walls placed. 
• START DATE????
• END DATE????

• Marginal plants planted (Mountain Laurel and Buckeye). 
• START DATE????
• END DATE????

• To provide guidance during construction, Duncan Ashworth has volunteered to be 
present during the re-survey, excavation, rock placements, and planting.
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: November 16, 2022 

Submitted By:  

Staff / Park Commission 

Agenda Item:  

Discussion and possible action on the process for appointing members of boards and 

commissions 

Description:  

At the October 3, 2022 Park Commission meeting, the Park Commission discussed the process 

by which the City Council makes appointments to boards and commissions.  

Niccole Maurici moved to request the City Council revisit the procedure and the process 

to replace board and commission members when it works with their agenda. Melissa 

Morrow seconded the motion. 

The motion carried with 7 in favor and 0 against. 

Action Requested:  

To take action on a recommendation from the Park Commission regarding the process for 

appointing members of boards and commissions. 

Fiscal Impacts:  

No significant fiscal impact anticipated at this time 

Attachments: 

 N/A 
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: _September 19, 2022_______ 

Submitted By:  

Niccole Maurici 

Agenda Items:  

Discussion and possible action to request City Council to revisit the procedure and process to replace Board and 

Commission members when one member resigns from their voluntary position. This agenda item is specific to the 

resignation and replacement of three Park Commission members from August 4, 2021-July 18, 2022. Prior to replacing 

the commission member, some considerations are: 1.) Inform Park Commission of any resignation(s), 2.) City of 

Rollingwood should inform all Rollingwood residents about the vacant spot and request applications, 3.) After posting 

the vacancy, City of Rollingwood should allow 30-days for candidates to submit an application, 4.) City Council should 

include the commission member replacement in their agenda no sooner than 60-days post resignation.   

Description:  

September 30, 2020 – Colin Harvey submits application for Park Commission. 

August 4, 2021 – David Raymond submitted his resignation letter to City Council. 

August 3, 2021 – Jennifer Meyer submits application for Park Commission. 

August 24, 2021 – Melissa Morrow submits application for Park Commission. 

August 25, 2021 – City Council appointed Melissa Morrow to Park Commission (Item 29).  

September 7, 2021 – Melissa Morrow appointed and attends Park Commission meeting.  

October 11, 2021 –Summary of Board and Commission Applications 

November 13, 2021 – Phil McDuffee resignation from Park Commission.  

November 17, 2021 – Summary of Board and Commission Applications 

December 15, 2021 – Jennifer Meyer appointed to Park Commission (Item 22). 

July 18, 2022 – Jennifer Meyer resignation from Park Commission. 

August 12, 2022 – Summary of Board and Commission Applications 

August 17, 2022 – Victoria Johnson appointed to Park Commission. 

Action Requested:  

Determine 1.) should action be taken, 2.) table this item to come back next meeting, or 3.) make a motion to table 

indefinitely. 

Fiscal Impacts:  

 

Attachments:  
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: November 16, 2022 

Submitted By:  

Staff / Park Commission 

Agenda Item:  

Discussion and possible action on a recommendation from the Park Commission regarding the 

installation of artificial turf infield on Hatley Field 1 by Western Hills Little League 

Description:  

This item came before the Park Commission and City Council previously in June and the City 

Council moved to send it back to the Park Commission for further review.  

At the September 19, 2022 Park Commission Meeting, the Park Commission discussed the 

installation of turf infield on Hatley Field 1 by Western Hills Little League. 

Melissa Morrow moved to approve WHLL paying for installation of a turf infield and 

WHLL agreeing to pay for removing the infield at the end of the lease term should the 

City request it be removed and pay for quarterly maintenance to keep it within its 

warranty. Niccole Maurici seconded the motion. The motion passed with 3 in favor, 2 

against and 1 abstention. 

This item came before the City Council in October and was postponed to a time certain to the 

November City Council meeting to allow time to review research submitted by Park Commission 

member Victoria Johnson. 

Action Requested:  

Take action on the recommendation from the Park Commission regarding the installation of 

artificial turf infield on Hatley Field 1 by Western Hills Little League 

Fiscal Impacts:  

No significant fiscal impact anticipated at this time 

Attachments: 

 WHLL Request Letter 

 Joseph & Hatley Field Pictures 

 Infill Care Manual 

 KMI Sports – Quote 
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Hatley 1 
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Taking Care of Your Artificial Turf
INFILL
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If you have further questions, contact

Sporturf

200 Howell Dr

Dalton, GA 30721

Telephone: 800-798-1056

www.sporturf.com

Please distribute this manual to those responsible for the day to day care of the turf field and 

see that they are thoroughly familiar with is contents. You should also review the warranty 

provided with the turf system for specific prohibitions and limitations contained therein. 
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How to Care for
Your Artificial Turf
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Introduction to Daily Use

THIS MANUAL OUTLINES SIMPLE DAY-TO-DAY CARE AND THOSE OCCASIONAL 
SPECIAL PROCEDURES NECESSARY FOR MINOR REPAIRS, SNOW REMOVAL AND 
UNUSUAL EVENTS OR USES. THE FOLLOWING ARE GENERAL KEYS TO PRESERVING 
YOUR TURF SYSTEM.

I.  Daily Usage

1.  Footwear should be restricted to ½” molded cleats

2.  Stance areas for baseball/softball, Lacrosse and soccer goal mouths face abnormal 

wear patterns and must be monitored daily.(See section II)

3.  Band Practices may cause abnormal wear and the field must be monitored for rubber 

loss in high tra�c areas.

4.  Pets or animals should not be allowed on artificial turf areas.

5.  Non authorized vehicles should not be allowed on turf. Light machinery such as 

Gators, tractors and golf carts are permissible with turf tires only.

6.  No food, chewing gum, sunflower seeds and/or tobacco products on playing surface.

7.  Daily cleaning of surface should be hand-picked. Vacuums with dual motors and leaf 

blowers recommended.

8.  Turf grooming and cleaning must be done by trained sta� and authorized equipment

9.  Steps must be taken to prevent dirt/debris from collecting onto surface from nearby 

trees and parking lot trash.

SPORTURF CARE AND MAINTENANCE GUIDE

1
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Section I

I. CLEANING AND STAIN REMOVAL
GENERAL

Rain is your best cleanser. Rainfall gently cleans the turf fibers of dust, pollen and airborne 

pollutants in way that is difficult to duplicate in any other fashion. In areas where rainfall is 

scarce- or during prolonged periods of drought- an occasional water flush is beneficial to 

soak and thus cleanse the turf system this procedure is recommended for all turf systems.

HOWEVER, THE MOST OBVIOUS CLEANING NEEDED is the removal of litter deposited by 

users and spectators at events held on the field. Good housekeeping practices will minimize 

these problems:

•  Keep trash and litter containers on site make sure there are enough containers to 
eliminate overflow.

•   Route field traffic in such a way as to minimize mud and dirt tracking on to the field.

•   Set up drinks for athletes during practice breaks off the field itself, if possible.

•  Enforce a smoke-free environment, if possible, and discourage the use of tobacco 
products such as chewing tobacco.

LITTER REMOVAL 

Paper, peanut shells, sunflower seeds, athletic tape, paper, etc., should and can be removed 

most easily with a lawn sweeper or a motorized vacuum sweeper immediately after any 

event.

When using these machines, several points should be observed so the machine does not 

damage the turf.

BRUSH SETTING

The sweeper should have synthetic fiber bristles such as nylon or polypropylene. The brush 

must contain no metal or wire! (Metal bristles or fibers can create a safety hazard in addition 

to damaging the turf in use.)

Proper cleaning should go against the grain along the seams and try not to cross over of the 

seams. 

3
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LOAD LIMITATIONS

Brushing and brush cleaning may require several trips over the field to finish the operation. 

Any sweeper that weighs more than 135 kg or 298 lbs. should have pneumatic tires with a 

maximum tire pressure of 35 pounds per square inch (psi) or 2.46 kilograms per square 

centimeter (kg/cm2). Do not park vehicles on the turf, especially in the heat of the day, or 

leave vehicles on wet turf for long periods of time.

VEHICLE EXHAUST!!

Never leave a parked vehicle idling on the turf in order to prevent the possibility of burning or 

melting the turf due to exhaust or overheating. Make certain the hot engine exhaust is never 

discharged in the field when using any kind of vehicle.

OIL SPILLAGE

Care should be taken to prevent lubricating oil, grease, transmission fluids, etc., from dripping 

or spilling on your turf surface during sweepings. Such spills can discolor the turf. Proper 

maintenance procedures should be observed in this regard. Battery acid and other fluids 

should not be allowed on the turf. Never change or add fluids to maintenance equipment 

while on the turf surface.

FREQUENCY

The removal of loose rubbish and surface dust should be performed on an as need basis, 

generally about twice a month during heavy use periods.

Stain Removal

GENERAL

Polyethylene pile fibers are among the most stain resistant fibers. Most “stains” on Sporturf™ 

fields are not true “stains” but rather residues of foreign matter that must be promptly and 

thoroughly removed.

Such “stains” on wet fields can be removed with water or soap and water. The first rule is 

promptness. It is much easier to clean up a fresh spill before it has time to dry and harden. 

Remove any solid or putty-like deposit promptly using a dull knife or spatula-like tool. Blot up 

excess liquids with a stack of towels, cloth or paper. Dry absorbent clay based materials; such 

as kitty litter absorbers can be very useful and should be stored on site. Such dry absorbers 

can be swept or vacuumed up.
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PROCEDURE FOR REMOVING “STAINS” AND OTHER BLEMISHES

     A. “Water Borne” Residues

Most “stains” commonly associated with playing fields can be classified as “water borne” 

stains. These stains are best removed using a warm, mild solution of granular household 

detergent (nonabrasive).

TYPICAL WATER BORNE “STAINS”

                                            Acid               Alcohol                   Alkali

                                       Ice Cream         Latex Paint             Milk

                                           Urine           Water Colors          Fruit Juice

     1. Brush the residue with a stiff fiber brush. 

     2. Scrub the area with soap and water.

     3. Rinse the area thoroughly with clear water to remove all traces of soap.

     4. Dry with absorbent towel, if necessary.

A three percent solution of ammonia in water may be used in lieu of household detergent for 

more stubborn residues or stains.

    B.   Persistent or Oil Based Stains

          Follow directions below:

  PROBLEM: Crayon, furniture stain, lipstick, metal polish, cooking oil, rubber cleat marks, shoe 

polish, suntan oil, ballpoint ink

  PROCEDURE: Sponge with perchloroethylene (dry cleaning solution). Blot with absorbent 

towels.

  PROBLEM: Oil paints

 PROCEDURE: Blot immediately. Sponge with turpentine or paint remover (apply sparingly). 

Blot with detergent and water. Re-sponge with cold water. To remove detergent. Scrape 

excess. Sponge with perchloroethylene (dry cleaning solvent). Repeat steps as necessary.

  PROBLEM: Nail Polish

 PROCEDURE: Sponge with acetone.

    PROBLEM: Paraffin Wax

 PROCEDURE: Scrape excess. Sponge with perchechlorethylene (dry cleaning solvent).
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  PROBLEM: Tar and Asphalt

 PROCEDURE: Scrape excess. Sponge with perchechlorethylene (dry cleaning solvent).

Caution!!
Mineral spirits and other petroleum based solvents are highly flammable. Do not smoke or 

permit open flames near container or near solution when in use. Be sure the area is well 

ventilated.

    C. Animal Waste

Neutralize with mixture of white distilled vinegar in an equal amount of water. Flush 

thoroughly with water after application. An enzyme type of cleaner is also effective.

     D. Chewing Gum

Spray with Freon and scrape to remove residue (available in aerosol packs from carpet 

cleaning suppliers- or use dry ice).

      E.  Fungus, Mold Spots or Moss

Use Game Plan 4 Turf® at a rate of 1 gallon of concentrate per 11 gallons of water to cover 

12,000 sq/ft. and spray thoroughly. Do not use high pressure water spray with stream force 

in excess of 2500 PSI as this can severely damage the turf. Game Plan 4 Turf® is an EPA 

registered disinfectant. Mr. Clean and Vital Oxide perform as needed but have not been EPA 

approved.

Protect Your Turf

      1. Spread the load!

Remember that chairs and high heel shoes create high psi levels on the turf and put the 

system at risk. The basic precaution is to keep long term static loads below 2.46kg/cm2 (35 

lbs/in2) by means of load spreaders. The best, most economical load spreader is outdoor 

plywood. Be sure to spread a polyethylene sheet under the plywood to protect the turf. 

Sheets of plywood are ideal and readily available. 19 mm thick plywood is recommended as 

long as the loads are not excessive (such as a concert stage or sound systems).If chairs are 

placed directly on the turf, inspect chair leg bottoms to be sure jagged or sharp ends cannot 

cut the turf. Metal chair legs should be protected with rubber tips. Wooden legs should be 

free of any projection sharp enough to cut the turf. Porta Four® by Sport Court® is an easy for 

use roll out product approved for Sporturf™.
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      2. Ban Open Flames!

No such acts should be allowed on the turf for obvious reasons.

      3. Clean Up Immediately!

Animal waste should be removed and the area flushed thoroughly. The field should be 

inspected for damage so that small problems do not become major repair cases.

      4. Ban Smoking!

Cigarettes cannot ignite the turf but they can damage the turf. If large crowds are expected, 

a cigarette ban should be enforced. However, in these cases, even if heavy loads will not be 

present on the turf, the turf should be covered.

SNOW AND ICE REMOVAL

SNOW AND ICE ARE NOT HARMFUL TO ARTIFICIAL TURF and generally should be left to 

melt system without assistance. At times, however, it is necessary to remove snow or ice to 

make the field 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 buildup and 

will reduce the risk of ice from cold winds whipping across a damp, newly cleared surface. 

Because ice removal is more difficult, the prevention of ice buildup is important.

Sweepers

     If the snow is dry and powdery, it can be swept from the field using a rotary brush. Be 

             careful that the machinery used is not set in such a way as to dig into the turf fabric. 

EVENT PREPARATION

 Controlled Products Turf fields are designed to be multi-purpose and as such host 

 numerous non-athletic events such as graduation exercises, assemblies, convocations, 

 shows, concerts, circuses, etc.

 Generally, two areas of concern should be recognized:

1.  These events can create loads on the turf that exceed the surface load limit set 

forth in the warranty and in the load limits outlines in this manual.

2.   Large crowds and act on the turf generally fall outside the “designated uses” for 

the system and damage of the turf can occur unless it is fully protected.
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II. MAINTENANCE SCHEDULE
Daily: Check the field after each day's use for distribution and condition of the heavily played areas.

Weekly: Brush the surface of the field with a static (non-rotary) double brush including simultaneous 

vacuum devices to redistribute the infill, maintain vertical fibers, and a level playing "use" field.

Monthly: Check infill levels, seams, inlaid lines, etc., and report failures (if any) to the manufacturer. 

Also check for over compaction and de-compact as may be necessary. It is essential that the 

appropriate equipment is used in order to achieve the specified performance criteria.

Periodically: At least once a year a full grooming session should take place brushing (rotating unit), 

vacuuming, de-compacting, and grooming (static brush). Top dress with new infill may be required. 

Contact the manufacturer if any aspect of the maintenance process is causing a significant concern.

NOTE: These are minimum recommendations. Common sense and careful observation should 

prevail. If any serious doubt exists about the effectiveness of the maintenance regime or the condition 

of the field, contact with the manufacturer should be made.

8
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Optional Equipment
VACUUMING AND BLOWER SWEEPING

   

 

 A) Leaf Blower sweeping is an easy and quick way to blow all debris off the surface and into 

piles for easy hand picking. Commercial leaf blowers (pic below) are a great way to work 

debris to the side of the field.

 

B) Vacuuming helps keep the fibers to stand upright and maintains a fresh look by picking 

the debris off the field.  Dual Motor vacuums or Bill Goat/Bear Cat type lawn vacs 

recommended.

 

9
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WASHING AND CLEANING

A) Washing/Spraying the field with a cleaning agent comprised of Game Plan 4 Turf® helps 

keep the fibers clean and the field looking fresh. DO NOT WATER TURF 3 HOURS 

BEFORE OR AFTER SPRAYING!

      

WATERING/COOLING THE SURFACE

Synthetic fibers are reflective in design to prolong exposure to sunlight. This design can 

cause heat patterns that can be overcome by watering the field. In many instances, 

coaches, players and trainers prefer to wet the turf down during use in order to lower the 

temperature/humidity index. This is a good idea and recommended because in periods of 

very hot weather. A wet field provides evaporation, which indeed lowers the temperature of 

the field rapidly. 

The temperature of wet synthetic turf fields should match that of natural grass in the same 

area. Remember that evaporation can be very rapid (up to 1,200 gallons of water per hour 

on an average sized field) so with long uses of the turf, an additional sprinkling may 

become necessary. Try and distribute the water evenly over the field area to be used while 

avoiding sidelines etc.. Never Use water from a polluted supply!

SAMPLE PROGRAMS: Programs designed to saturate infill and keep heat levels down 

through the day. 

(Note: Hot overcast days generally do not have as high of a heat buildup as a moderate clear sunny day.)

SAMPLE: 2 a day practice schedule (9:00 am and 4:00 PM)

8:00 Am: Water field for 10 minutes before practice

12:30 PM: Water field for 5 minutes

1:30 PM: Water field for 5 minutes

3:00 PM: Water field for 5 minutes

SAMPLE: 3:30 practice, sunny high near 95

10:00 Am: Water field for 15 minutes 

12:30 PM: Water field for 10 minutes

2:45 PM: Water field for 10 minutes 

10
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Maintenance Log
MAINTENANCE LOG DESCRIPTION

   

    COLUMN 1 – DATE

Put the date in which the maintenance was performed.

    COLUMN 2 – WORK PERFORMED BY

Put the name of the person who performed the work on the field.

    COLUMN 3 – DESCRIPTION OF WORK PERFORMED

In this column a brief description of the work completed will be needed.  Some 

example would be: grooming, sweeping, seam maintenance, etc.  If it is maintenance 

on a seam, then put a brief description of the seam. Seam length, width, etc.

    COLUMN 4 – LOCATION OF MAINTENANCE PERFORMED

If the maintenance is grooming or sweeping, write whole field.  If maintenance is 

maintenance on a seam, then write the location of the seam. Example: 30 yard line 

between the hash marks, down the third baseline thirty paces, etc.
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DATE WORK PERFORMED BY DESCRIPTION OF WORK PERFORMED LOCATION OF MAINTENANCE PERFORMED
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III. MINOR REPAIRS
Because most Sporturf™ Fields are used heavily in the fall and winter months, good 

maintenance practice is to thoroughly inspect the field in the spring and make repairs to the 

surface in the spring and early summer. If a service visit must be scheduled, we ask that such 

a request be made as soon as possible in the spring so that the visit may coincide with a 

scheduled service trip to other fields in your area or in conjunction with the installation of a 

new field in your area.

All seams should be inspected carefully for looseness. All panels of turf should be inspected 

for damage, rips, tears, burns, etc. Make a sketch of the pitch and note on the sketch each 

area that needs attention.

Whether performed by the installer or by the Owner, all repairs must be made in warm, dry 

weather. Gluing seams and sanding the turf should not take place if the field is wet or even 

damp.

“MINOR” VS. “MAJOR” REPAIRS

Experience has taught us that most field repairs are minor in nature. However, minor 

problems can become major problems quickly if not corrected. Small loose spots on glued 

seams extending a few inches to a foot or two are to be expected with these systems and are 

not unusual or cause for great concern. They can generally be repaired by the owner’s 

maintenance staff. Cuts, rips and tears in the surface that do not exceed six inches or so in 

length do not generally require a special trip by our service staff and can also be repaired by 

the Owner without much effort. These problems should be regarded as minor unless allowed 

to grow.

SEAM REPAIRS

These instructions refer to loose seams, typically from a ½” to ¾” in length along the seam.

If the seam openings over ¾” is considered severe, the user should contact Sporturf® for 

prompt assistance.
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To repair minor seam openings or loose seam areas:

1. Vacuum the turf to be repaired.

2. Be sure fabrics to be glued are free from loose sand, dirt, old adhesive and other 
foreign matter, and are dry.

3. Clean the area to be repaired and wipe the opening with methyl-ethyl-key tone (MEK), 
toluene, or, if neither is available, with mineral spirits.

4. Position the fabric to check for satisfactory final placement.

5. Inject a small amount of adhesive (PL Polyurethane caulk) from the adhesive bottle 
on to the seaming tape. Avoid excessive adhesive to reduce the possibility of bleed 
through or bleed out. Spread the adhesive with a knife or spatula so that the entire 
fabric is coated lightly, but evenly.

6. Prop open the seam so that the adhesive is allowed to cure in the open air. (The 
adhesive is a brand of polyurethane adhesive and must be allowed to absorb moisture 
from the air to “kick” or activate.) Allot at least 10 minutes of curing time before 
closing the turf and weighting it down. This curing time recommendation is critical 
and is based on and ambient temperature of 75°F with 50% relative humidity. If the 
weather is colder or dryer, the open time should be extended until the adhesive spread 
on the fabric seems almost “dead” – i.e., only small strings (“angel hairs”) of adhesive 
stick to your finger or a piece of turf when pressed into the bed of adhesive and 
removed.

      7. Press the fabric into the adhesive bed uniformly.

      8. Weigh down the area and allow curing for at least 24 hours.

Other Typical Repairs

CIGARETTE BURNS

 A lit cigarette can damage any turf system. On rubber-infill pitches, the cigarette may scorch 

and blacken the turf. Use a metal brush (such as is used to remove paint) and brush the spot 

vigorously to separate the fibers. If brushing the turf does not remove the damage, take a 

razor knife and cut the fused area away.

   

If fabric seams or tears have gone beyond the scope outlined above, the installer should be 

contacted immediately for assistance, advice or to request a scheduled service visit. Any 

damage to the pad, de-lamination between the pad and turf, undue loss of sand, vandalized 

areas or dis-colorations should be reported to Sporturf™.
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CONCLUSION

With the many advances in turf design, installation techniques and materials fields are even 

less maintenance intensive than ever before. Compared to natural grass fields, Sporturf™ 

fields should be considered virtually “maintenance free” but no surface should be 

thought of as care free. However, your field will perform, look and feel better for a longer 

period of time if the maintenance procedures outlined in this manual are followed closely. 

The manual attempts to encounter and answer the most frequently asked questions 

regarding your field. However, there are always new uses, new problems and unanticipated 

twists or needs. Do not hesitate to call us!

PROHIBITED ACTIVITIES

   Storage or materials such as drums, lumber, equipment, etc...

   Unnecessary vehicular traffic.

   Golfing, shot putting, javelin or discus throwing, and the use of long spike 

track shoes associated with cinder tracks.

   Open flames, fireworks, welding, etc...

   Use of wire brushes in any form.

   Heavy loads exceeding .21 kg/cm2 (static) or 2.46 kg/cm2 (dynamic).

   Use of cleaning equipment, methods or materials not authorized.

   High pressure water sprays exceeding 21 kg/cm2

   Vehicles with non-pneumatic tires.

15
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Key Points to Remember
    Keep the field clean. Sweep and hose the field as needed per this manual. Keep 

plenty of trash and litter containers on site for participants to use.

    Cross brush the turf surface often!

    Keep vehicular traffic off the field as much as possible.

    Post NO SMOKING signs around the turf.

    Don’t abuse the turf by overloading it. Use plywood and fabrics to protect the turf 
especially if special events are scheduled on the field.

     Make minor repairs. Report major problems to Sporturf® right away.

     Follow exactly the recommendations and procedures incorporated in this manual.

APPROVED PRODUCTS

Adhesives/Paint:

PL Polyurethane (outdoor use in red/yellow label only) (800) 999-8920

Mapai 2 Part Seam Repair Kit

Pioneer Titan Paint (800) 748-9649

Cleaning Agents:

Game Plan 4 Turf® by Pioneer (800)748-9649  

Vital Oxide®

Mr. Clean with Fabreeze (Multi-Surface Concentrate)

Maintenance Equipment:

Laymor® Ride On Sweepers (800) 323-0135

Wiedenmann USA Super 120 M (pull-behind) (912) 790-3004

Bear Cat by Echo or Billy Goat Vacuums

Force Blower by Billy Goat or other walk behind commercial blowers

Greens Gnome or Turf Cat

Greensgroomer

800 798 1056              www.sporturf.com 16
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200 Howell Dr., Dalton, GA 30721          800 798 1056

Page 135 16.



KMI Sports Construction
7070 Hwy 290 W
Dripping Springs, TX, 78620
512-962-3955
info@kmisportsconstruction.com
www.KMIconnect.com
Instagram: @KMITurf - Facebook: @KMIsports

Date 5/12/2022 Quote# 2022-04051222
Bill to Address: Remit to Address:
Name Chris Smith 7070 US HWY 290 W. 

Address 1200 W. Cesar Chavez St, Austin TX 78703 Dripping Springs, TX, 78620
Email & Phone 512-922-5431 - chad.smith@streamrealty.com info@kmisportsconstruction. com
Payment Terms:  Deposit required to secure a spot on our schedule, remaining balance due at the time the job is completed

Item # Materials Quantity UOM
Hatley Infield Turf Project

1
KMI to excavate and remove all of the existing dirt and grass from the field, approx 
10,849 sq ft 10849 Square Feet

2
KMI to provide and install 2"x2" composite nailer boards around the perimeter of the 
infield, this nailer board is used to secure the turf down around the edges 400 Linear Feet

3
KMI to provide and install a 4" performated drainage system throughout the infield, 
the pipe will exist the field at the lowest point and daylight drain 750 Linear Feet

4 KMI to provide and install 6mil Plastic Barrier on the sub-base 10849 Square Feet

5
KMI to provide #57 & #67 clean aggregate for the drainage ditches and the field final 
grade rock 23 Tons

6
KMI to install, level and compact the #57 & #67 aggregate into the drainage ditches 
and on the field 170 Tons

7 KMI to provide and install SBR rubber and sand mixture as the infill 32547 Lbs

8

KMI to provide and install Power House 40oz Green and Terra-Cotta Power House 2" 
pile height
White inlaid foul lines and batters boxes 10849 Square Feet

9 One set of base anchors and bases, one home plate, one pitching rubber 1 Each

10
Build a permanent artificial turf mound.  If you would like a portable mound, I can 
provide you with our recommendations on which mound to purchase 1 Each

11 Cleanup the site of all debris and garbage 1 Each

Warranty
KMI provides warranty that covers seams, base work, perimeter edging and nailer 
boards for 3 years. The turf is covered for 8 years for the date of the install.  Sub Total $97,212.87

Maintanace 

Mainanance of Artificial turf is as simple as making sure there is enough infill in high 
traffic areas. Neglecting to maintain high traffic areas voids warranty of turf. Fill with 
sand when necessary. Deposit $48,606.44

15 day expiration
This quote expires in 15 days. After whcich, we will need to reacess costs, supplies, 
and material available.  

Due at Start of 
Construction $11,665.54

Financing 
KMI now offers financing for all commerical projects, ask us today for 
more details

Due at 
Completion $36,940.89

Customer Signature: _________________________________________________________ Total Project Price $97,212.87
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Desiree Adair

From: Victoria Johnson <lvpj@mac.com>
Sent: Tuesday, October 18, 2022 2:29 PM
To: Desiree Adair
Cc: Ashley Wayman
Subject: Letter for the Mayor and City Council 
Attachments: Letter to Mayor & Council.docx; Environmental and Healt Impacts of Artificial Turf- A Review.pdf; 

Artificial turf systems for sport surfaces-current knowledge and research needs.pdf; AT and Global 
Warming.pdf; Artificial turf surfaces Perception of safety sporting feature satisfaction and preference 
of football users.pdf; Assessing differences in thermal stress of soccer players on natural turfgrass 
and artificial turf.pdf; Independent research.docx

Follow Up Flag: Follow up
Flag Status: Completed

Desiree,  
Attached please find the letter for the Mayor and City Council.  I have also included direct attachments to this email that 
I received from Texas A&M as well as a document including links to resources I found on my own.  If you could forward 
all this along to them I would greatly appreciate it. 
Thank you ‐ 
Victoria 
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October 18, 2022 
 
Mr. Mayor and Members of the City Council, 
 
On September 19, 2022 the Parks Commission voted to send the proposal to put artificial turf 
on Field 1 to the City Council for consideration.  I voted for this measure.  I feel it important 
however, for the council to have insight into the reasons for my vote and issues I have since 
found and believe are important for the Council to consider.  
 
First, my understanding from the information provided to the Parks Commission is that 
Western Hills Little League is only willing to put money into artificial turf.  Turf Grass is not 
something the league is willing to consider funding and the league did not do a cost analysis of 
installing turf grass. 
 
Second, the maintenance of artificial turf according to Sean Kincaid with KMI Sports 
Construction, is low and doesn’t require much water if any.  In addition, maintenance is to be 
the responsibility of Western Hills Little League and drainage work during installation would 
allow the City to direct drainage in a way that will not contribute to the current drainage issues 
facing the City. 
 
Third, the Commission was assured that Western Hills Little League did not want to propose 
artificial turf on any other fields and only on the infield of field 1. 
 
These factors seemed to me to be a way to share maintenance of our fields with Western Hills 
Little League in a way that might afford the City a savings in water use and maintenance costs 
that would allow for more resources to be used to fix issues on the other park fields.  This 
seemed important given the small budget the City has to maintain the park as a whole. 
 
However, on Friday September 30th, an article was published that brought to the fore some 
questions regarding artificial turf.  As I did more research, I realized I had not received enough 
information to justify the reasoning on which I based my vote.   
 
To get more clear answers, I engaged Texas A&M’s Turf Grass department.  I am including 
attachments here that have been shared with me by this department thus far though, I am still 
awaiting information from the department on the costs of installing and maintaining the most 
economical turf grass vs artificial turf, as well as research on the effects of artificial turf on the 
soil underneath it and what it takes to restore soil to fertile conditions after artificial turf is 
removed.  This would be important should the Council decide to put turf on the field and then 
later have it removed.   
 
In addition, should the Council decide to put turf on Field 1, the research has shown there are 
ways to filter run off so that it has the least environmental impact.  In my opinion, that would 
be an important factor to consider and to require. 
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Some of the articles attached address other environmental points regarding artificial turf.  
While these were not what initially started my query, I am including them because they are 
worthy of consideration. 
 
Kind Regards, 
Victoria Johnson 
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Environmental and Health Impacts of Artificial Turf: A Review
Hefa Cheng,*,† Yuanan Hu,† and Martin Reinhard‡

†State Key Laboratory of Organic Geochemistry Guangzhou Institute of Geochemistry, Chinese Academy of Sciences Guangzhou
510640, China
‡Department of Civil and Environmental Engineering Stanford University Stanford, California 94305, United States

*S Supporting Information

ABSTRACT: With significant water savings and low main-
tenance requirements, artificial turf is increasingly promoted as
a replacement for natural grass on athletic fields and lawns.
However, there remains the question of whether it is an
environmentally friendly alternative to natural grass. The major
concerns stem from the infill material that is typically derived
from scrap tires. Tire rubber crumb contains a range of organic
contaminants and heavy metals that can volatilize into the air
and/or leach into the percolating rainwater, thereby posing a
potential risk to the environment and human health. A limited
number of studies have shown that the concentrations of
volatile and semivolatile organic compounds in the air above
artificial turf fields were typically not higher than the local
background, while the concentrations of heavy metals and
organic contaminants in the field drainages were generally below the respective regulatory limits. Health risk assessment studies
suggested that users of artificial turf fields, even professional athletes, were not exposed to elevated risks. Preliminary life cycle
assessment suggested that the environmental impacts of artificial turf fields were lower than equivalent grass fields. Areas that
need further research to better understand and mitigate the potential negative environmental impacts of artificial turf are
identified.

■ INTRODUCTION
Artificial turf (also referred to as synthetic turf) is a surfacing
material engineered to mimic the appearance and sports
performance (e.g., shock absorption, energy restitution, vertical
deformation, slide and slip resistance, and wear resistance) of
natural grass on athletic fields, golf courses, and lawns. The first
generation artificial turf made of short-pile plastic fibers was
introduced in the 1960s. The improved second generation
products featuring sand infill between the fibers made artificial
turf widely popular in the early 1980s. The third generation
artificial turf introduced in the late 1990s is infilled with crumb
rubber or a mixture of sand and crumb rubber to keep the
plastic fibers upright and provide shock absorption similar to
that of natural grass. The new generation of products have been
accepted as providing improved safety, playability, appearance,
durability, with lower annual operating costs and maintenance
requirements, and have moved rapidly beyond athletic fields to
residential lawns and landscaping.1 Artificial turf is now widely
considered as an ideal replacement for grass playing surface in
cases where natural grass cannot grow, or where maintenance
of natural grass is expensive or undesired. The advantages and
limitations of artificial turf compared with natural grass are
summarized in Table 1.
The third generation artificial turf system is typically

composed of three primary layers (Figure 1a): (a) artificial
grass fibers (polyethylene, nylon, or a blend of polyethylene

and nylon); (b) infill (rubber made from one or more sources,
or a mixture of sand and rubber); and (c) carpet backing (a
blend of polypropylene, polyamide 6, polyolefins, and/or
polyurethane). The rubber infill is produced predominantly by
mechanical disintegration of scrap tires, and recycled athletic
shoes in rare cases. Rubber manufactured specifically for infill
purposes is also available, although crumb rubber produced
from scrap tires is much cheaper compared to virgin rubber
($0.04−0.30 vs $1.00 or more per pound, price in early
2000s).2 Significant amount of scrap tires can be recycled by
artificial turf products: tire rubber crumb is applied at up to 6
lbs/ft2 in most artificial turf fields (some “heavyweight” infill
systems even contain 9.2 lbs/ft2),3 while 1−2 lbs/ft2 of tire
rubber crumb is often used in lawns. Sand is also used as an
infill material in some artificial turf products to improve the
hardness, and those with rubber/sand infill generally cost less
and perform most like natural grass. Unlike grass lawns that can
often become waterlogged during the rainy season, artificial turf
fields are constructed with a built-in drainage system (Figure
1b) that allows water to drain quickly after the rain.
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Manufacturers typically emphasize that artificial turf is
environmentally friendly with the use of recycled tire rubber.
Because of their large production volume and durability, the
disposal of scrap tires is a major challenge for waste
management, and a truly environmentally friendly disposal
method remains to be found (Supporting Information, SI).
Artificial turf can reuse large amounts of scrap tires: an average
soccer pitch/field of artificial turf contains approximately 100
tonnes of tire rubber crumb. It has been estimated that 26.2%
of the scrap tires generated in the U.S. were recycled into tire
rubber crumb, with about 0.18 million tonnes used in sports
surfacing in 2009.4

Today artificial turf is being widely promoted as a cost-
efficient, environmentally- and user-friendly product that can
replace natural grass on sports fields and residential lawns. The
markets for artificial turf in the U.S. and Europe are both over
one billion dollars, and continue to grow, while manufacturers
of artificial turf have also begun to pay more attention to the
emerging markets, such as China. Depending on the region in
the U.S., a full-size artificial turf sports field can result in an
annual savings of 0.5 to 1 million gallons of water.5,6

Recognizing the significant water conservation potential,
many cities and water conservation institutions in the dry
regions of the U.S. have begun to offer financial incentives for
the replacement of residential lawns with artificial turf. It has
been claimed that the use of artificial turf conserved about 5
billion gallons of water in the U.S. in 2011.5

In spite of the obvious environmental benefits, such as saving
water, requiring no fertilizer or pesticide, and reusing rubber
from scrap tires, artificial turf can pose potential risk to human

health and the environment, primarily from the contaminants
released by the tire rubber crumb infill. These emissions and
their potential impacts have not received much attention until
recently.7−10 The key question that needs to be answered is
whether artificial turf is a truly “green” alternative to natural
grass. This review summarizes the benefits of artificial turf,
assesses its major environmental and health impacts, and
identifies research that is needed to ascertain and mitigate the
environmental impacts of artificial turf. Available data were
compiled from published journal articles, conference proceed-
ings, books, and gray literature. The latter includes technical
reports published by governmental agencies, academic
institutions, trade publications, and information gathered
from Web sites of manufacturers and other groups, which are
typically not subjected to peer-review and might thus contain
data that were collected to represent biased viewpoints.
Although some cited reports came directly or indirectly from
industries with a financial interest in promoting artificial turf,
data were cross-checked with other sources to ensure the
validity of the conclusions as much as possible.

■ ASSESSING THE ENVIRONMENTAL IMPACTS OF
ARTIFICIAL TURF

The use of recycled tire rubber significantly reduces the cost of
artificial turf, although this practice is afflicted with potential
downsides, as tire rubber contains a range of chemical
vulcanizers, oil-based plasticizers, antioxidants, antiozonants,
and fillers in the blend of natural and synthetic rubber,11−16

which are summarized in the SI. Despite the common
assumption that tire rubber is extremely resistant to environ-

Figure 1. Schematic illustrations of the makeup of a typical artificial turf field: (a) the major components of artificial turf, and (b) the built-in
drainage system.
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mental breakdown, organic compounds and heavy metals in the
rubber matrix can be slowly released through volatilization and/
or leaching under natural conditions. Shredded tires in various
conditions from tire chips to finely ground rubber crumb have
been used in a range of civil engineering applications, such as
lightweight fill for embankments and retaining walls, insulation
blocks, drainage aggregates, surface materials for playgrounds
and racetracks, soil amendments, and surface mulches.37 A large
number of studies have characterized the environmental
impacts associated with such direct reuse of scrap tire materials,
which provide important insights on the potential environ-
mental impacts associated with artificial turf.
Volatilization of Organic Contaminants. The odor of

tires is characteristic of amines and sulfur-containing organic
compounds (with very low odor thresholds) that are used in
the compounding of tire rubber.11,16 Despite the unpleasant
smell, car and truck tires do not release significant amounts of
volatile organic compounds (VOCs) or semivolatile organic
compounds (SVOCs) under ambient conditions and are not
commonly considered as a source of air pollution. In contrast,
hundreds of VOCs and SVOCs have been identified in the off-
gases of rubber vulcanization and pyrolysis.15,17,18 The levels of
total VOCs in the air of two tire shredding facilities located in
central Taiwan ranged from 1.4 to 2.2 ppm, which were not
significantly different from the local background level (∼1.4
ppm).19 Chemical analysis indicated the presence of various
groups of air pollutants, such as aliphatics (e.g., octane, decane,
and undecane), aromatics (e.g., benzene, toluene, ethylbenzene,
and xylenes), polycyclic aromatic hydrocarbons (PAHs),
methyl isobutyl ketone, styrene, and benzothiazole.19 These
contaminants probably resulted from the decomposition of
rubber polymers, vulcanization accelerators, and plasticizers
during tire shredding and grinding. It has been reported that
benzothiazole was the most abundant volatile compound in the
vapor phase over tire rubber crumb, and that the concentrations
of VOCs leveled off significantly within 2 weeks under natural
weathering conditions and became relatively constant there-
after.8

Leaching of Heavy Metals and Organic Contaminants.
Whole tires and laminated tires have long been used as dock
bumpers and fenders against heavy rubbing and pushing forces
of vessels with few concerns raised about their impact on water
quality. However, the much smaller tire chips and rubber crumb
may release heavy metals and organic contaminants more
readily, and thus present a risk to aquatic environment. Results
of toxicity characterization leaching procedure (TCLP) analyses
(SI Table S1) showed that the regulated metals (As, Ag, Ba, Cd,
Cr, Hg, Pb, and Se) and organic contaminants were typically
below their respective regulatory limits in the leachate of tire
rubber in various shapes.20−23 A wide range of organic
contaminants (SI Table S2) have been detected at very low
concentrations in the leachate of tire shreds and chips, which
resulted from the breakdown of natural and synthetic rubber
polymers, compounds associated with the carbon black, and
various additives such as plasticizers and accelerators.13,15,24−30

Tire rubber leachate typically also contained elevated levels of
Zn, while other heavy metals, such as Cd, Cr, Cu, Fe, Mg, and
Mn were often present at relatively low concentra-
tions.7,8,15,21,24,25,28−35 These metals originated primarily from
the metal oxides and residual steel belt wires of the tire shreds
and chips (SI Tables S3 and S4). Laboratory studies found that
acidic and alkaline conditions favored the leaching of metals
and organic compounds from tire rubber crumb, respectively,

and the leaching rates increased with decreasing particle
size.23,31 A number of field studies have been conducted to
investigate the impact of tire shreds and chips used in civil
engineering applications on the quality of surface water and
groundwater through sampling of existing sites and field trials
with follow-up monitoring of up to 2 years.21,27,29−31,36,37 In
general, Fe, Mn, Zn, and Al appeared to be the major
contaminants of concern even though their concentrations did
not exceed the respective maximum contaminant levels
(MCLs) for drinking water in most cases, while the organic
contaminants (e.g., amines, aniline, quinoline, amides, and
benzothiazole) occurred only at trace levels. These results
suggest that scrap tire materials may affect surface water and/or
groundwater, and warrant further field study with controls.
The ecotoxicity of tire rubber leachate has long been

recognized, although determination of the specific hazardous
substances responsible for the toxic effects was difficult. Lethal
and sublethal effects on aquatic biota as well as genotoxicity
have been documented for tire leachate and solvent extracts of
tire rubber.12−15,19,25,26,38−43 Leachate from used tires was also
found to be more toxic than that from the new ones,14 which
could be explained by the easier release of hazardous substances
from the matrix of worn rubber. In general, the major toxic
constituent in tire leachate is zinc, with minor contributions
from organic compounds. Even though leachate from tire chips
and tire rubber crumb can be toxic to some aquatic life, dilution
(i.e., by infiltrating rainwater and groundwater) in natural
systems is expected to reduce its toxicity and lower the
associated ecological risk.

Contaminants Contributed by the Nonrubber Com-
ponents of Artificial Turf. Besides tire rubber crumb, plastic
fibers of artificial turf are also a potential source of heavy metals,
particularly lead. Some manufacturers produced plastic fibers
with encapsulated lead chromate pigment in the early years of
artificial turf product development. Excessive levels (several
mg/g) of lead had been found in some artificial turf fibers made
of nylon or polyethylene/nylon blends, while fibers made of
polyethylene commonly contained very low or undetectable
levels of lead.10,44,45 Even though the leaded pigment particles
are not expected to leach from intact nylon fibers, deterioration
of these fibers over time can result in the formation of lead-
containing dust. In addition, artificial turf fields with exotic
colors could also contain elevated levels of lead, probably due
to the use of specialty pigments.45 A scoping-level field
monitoring study found that the lead contents in the fibers of
six artificial turf fields ranged from 0.002 to 0.39 mg/g, which
were below the standard set by the U.S. Environmental
Protection Agency (USEPA) for lead in soils (0.40 mg/g).46

Only fibers from the repaired area of one field had a high level
of lead (0.70 mg/g), while the lead contents of tire rubber
crumb in these fields only ranged from 0.01 to 0.05 mg/g.46

A comprehensive laboratory investigation found that the
fibers from two artificial turf manufacturers had relatively high
levels of Al (1.2−2.1 mg/g) and Fe (2.7−4.0 mg/g), while the
contents of Cr, Cu, Mg, Mn, Ni, Sn, and Ti were in the range of
0.01−1 mg/g and those of Ba, Co, Mo, Pb, and Sr were below
0.01 mg/g.35 The fibers from a third manufacturer contained
even higher levels of Fe (14.3 mg/g) and Zn (7.6 mg/g), and
relatively high levels of Ti, Sn, Cu, Co, and Ni (0.1−1 mg/g) as
well.35 The relatively high levels of heavy metals probably came
from the coloring pigments and UV inhibitors (for photo-
resistance) in the polymers. The heavy metal contents of the
carpet backing materials from these artificial turf products were
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generally comparable to or less than those in the fibers.35 Lead
contents in the fibers and carpet backing materials were quite
low (close or below 0.001 mg/g), indicating it was not a
common additive used in the production of current generation
of artificial turf. The fibers and carpet backing of artificial turf
are made from the same polymers used in the manufacturing of
a wide range of consumer products, and are not expected to
have significant adverse environmental impacts. Nonetheless,
the use of encapsulated lead chromate in some old fields and
specialty colorants in fields with exotic colors makes it
necessary to assess the fibers of artificial turf fields on a case-
by-case basis.
Observations from Artificial Turf Fields. The tire chips

or rubber crumb used in various civil engineering applications
can be buried in soils, above or below the groundwater table, or
stay at the surface. In contrast, the tire rubber crumb is applied
as a relatively thin layer on the surface of artificial turf fields,
and the sizes are typically much finer than the scrap tire
materials used in civil engineering applications. Therefore, field
observations are essential for understanding the actual release
of hazardous substances from artificial turf and the potential
impacts on the environment and human health.
The impact of artificial turf on the air quality of sports fields

has been closely monitored in a number of studies. In general,
the levels of VOCs, SVOCs, PAHs, heavy metals, and
particulates (PM2.5 and PM10) in the air above outdoor artificial

turf fields were found to be comparable to those of local
background, and were within the regulatory limits,9,46−51

although the results might only be applicable to the specific
fields and conditions measured. One study found that the levels
of PM10 and metals at the high play activity sites of artificial turf
fields, although elevated compared to the background
concentrations, were below the corresponding air quality
standards.46 The VOCs and SVOCs in the air above outdoor
artificial turf fields resulted from volatilization from the fields
and local traffic emissions, both of which were subject to air
dispersion and dilution. In contrast, the concentrations of
VOCs and PAHs measured in indoor sports halls with artificial
turf were slightly elevated,52−54 while the levels of particulates
were similar to those in other urban indoor settings.53,55

With the porous structure of artificial turf, precipitation can
easily percolate through the infill layer and potentially leach
heavy metals and organic contaminants out of the tire rubber
crumb. Several studies have characterized the contaminants in
the drainage of artificial turf fields (Table 2). Overall, the
concentrations of heavy metals and organic contaminants in the
drainage were low with the exception of Zn, which occurred at
concentrations up to near 0.5 mg/L. Many studies have
demonstrated the removal of various heavy metals (such as Cu,
Cd, Pb, and Hg) and organic contaminants (e.g., xylenes,
toluene, naphthalene, and trichloroethylene) from wastewaters
by tire rubber crumb,56−59 while some of them also observed

Figure 2. Life cycle environmental impacts of three representative artificial turf fields and an equivalent grass field (75 000 ft2) that supports 600 h of
activity per year, using a grass field of the same size but with an annual availability of 300 h as the basis of comparison (data from ref 62). One
artificial turf had nylon fibers without infill, while the others had tire rubber crumb infill but with fibers made of polyethylene and 70% polyethylene/
30% nylon, respectively. Although artificial turf fields could support up to 3000 h of activity per year, they were assumed to have annual availability of
600 h in this comparison. For natural grass fields, 300 h event activity per year is the typical annual playing capacity, while 600 h activity/year is the
upper limit.
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that zinc concentrations became elevated despite the removal of
other heavy metal ions.56,59 Relative to rainwater, the tire
rubber crumb in artificial turf is expected to function as a net
source of heavy metals and organic contaminants instead of a
sink.
Ecotoxicity can be expected for the drainage from artificial

turf fields with elevated levels of Zn, which adversely affects the
growth, survival, and reproduction of aquatic plants, proto-
zoans, sponges, molluscs, crustaceans, echinoderms, fish, and
amphibians at concentrations as low as 10−25 μg/L.60 The
drainage from four pilot setups (with tire rubber crumb and
specialty synthetic rubber infills) with controlled atmosphere
and supervised human intervention treated with simulated rain
showed very slight toxicity to Daphnia magna and Pseudo-
kirchneriella subcapitata, while the drainage from an artificial turf
football pitch (with tire rubber crumb infill) showed essentially
no toxicity.52 One field sample did show a low impact on the
aquatic species, but chemical analysis results suggested that it
was probably due to pollution external to the field.52 Another
study also found that the drainage from an artificial turf field
with tire rubber crumb infill exhibited no toxicity to Daphnia
pulex.50

Although air and water quality monitoring had been
conducted on artificial turf fields of various ages (from newly
constructed to 6 years old or more), the numbers of fields
sampled and samples collected at each site were rather limited.
Thus the results may not necessarily represent the potentially
large variations in the design, manufacturing material, geo-
graphical location, use pattern, age, and other conditions of
artificial turf fields, which can affect the release of contaminants.
In addition, these field investigations were often constrained by
available resources (e.g., personnel, equipment, and budget)
and accessibility of field sites. Even though the existing field
studies indicate artificial turf fields have limited impacts on air
quality and aquatic environment, more comprehensive field
monitoring data are needed to verify these findings.
Results from Preliminary Life Cycle Assessment (LCA)

Studies. Both artificial turf and natural grass can have a range
of environmental impacts, including consumption of raw
materials and energy, and emissions to air, water, and land.
Therefore, determination of which type of product has a lower
overall environmental burden is not straightforward. To this
end, LCA provides an efficient tool for systematically
comparing the environmental impacts of artificial turf and
natural grass through all stages of their life cycles (i.e., from
“cradle to grave”).
Constructed mostly from synthetic materials, artificial turf

fields have a much larger carbon footprint compared to grass
fields. It has been estimated that the total greenhouse gas
(GHG) emissions from manufacturing, transporting, installing,
maintaining, and disposing of a 9000 m2 artificial turf field in
Toronto, Canada over a 10 year period is 55.6 tonnes CO2e,
while that from construction and maintenance of a grass field of
the same size is −16.9 tonnes CO2e.

61 Through absorbing large
quantity of CO2 during growth, natural grass serves as a carbon
sink. On the other hand, the GHG emissions from the artificial
turf field would be nearly doubled if the components were not
recycled at the end of life.61 It is worth pointing out that these
results are site specific (SI) and the differences in playable time
of the two types of fields are not accounted for in the
comparison.
Figure 2 compares the life cycle environmental impacts of

three representative artificial turf products with those of natural

grass on a multipurpose recreational sports field (75 000 ft2)
over a 20-year time frame. Field availability, durability of the
artificial turf fields, and maintenance requirement of the grass
fields were based on the average data in the U.S.62 The results
indicate that artificial turf performed better or comparable to
natural grass in the major environmental categories, including
energy and resource consumption, emissions (air, water, and
solid waste), toxicity potential, and land uses over the
production, use, and disposal phases. Although the ozone
depletion potential of the artificial turf fields, which stemmed
predominantly from production and transportation, was much
higher than that of grass fields, its contribution to the overall
environmental impacts was less than 1% over their life cycles.62

The actual environmental impacts of natural grass and
artificial turf fields are strongly dependent on their availability.
For the grass field, its environmental impacts could almost all
(excluding the ozone depletion potential) be reduced by a half
with the doubling of field availability (Figure 2). Artificial turf
fields have much higher playability compared to grass turf fields
because of the lower maintenance requirement, superior
durability, and availability in all weather conditions.51 To
have the same hours of use (e.g., 2400 h), additional grass fields
(which are still not playable during the rainy season) have to be
built to match the availability of an artificial turf field, which
would involve significant environmental impacts from the
construction and maintenance activities.6 Therefore, the
environmental impacts of artificial turf fields relative to grass
fields can be significantly reduced when they are used toward
the maximum availability (i.e., by substituting multiple grass
fields).
It should be noted that the results of LCA are model-based

representations of the real environmental impacts for the
specific turf fields, and are only valid under the specific
assumptions made on their production, installation, use,
maintenance, and disposal (SI). The environmental and health
impacts of a product can be significantly influenced by the
material and energy inputs and outputs considered for each
stage of its life cycle, as well as limitations in data and
knowledge of specific environmental impacts.63,64 The LCA
studies conducted to date have limited scopes and are far from
comprehensive or representative of all types of artificial turf and
natural grass fields in all geographical conditions. Cooperation
and participation of the artificial turf industry by sharing
relevant data, and monitoring data on the emissions of organic
contaminants and heavy metals to air, water, and land during
the functional lifetimes of artificial turf fields, which were not
included in previous studies, will be crucial in more accurately
tracking their life cycle environmental impacts in the future.

■ HUMAN HEALTH IMPACT OF ARTIFICIAL TURF
FIELDS

Because tire rubber crumb contains a wide range of toxic and
even carcinogenic chemicals that can be released into the
surrounding environment, the potential health risk for field
users has been a major concern. Players can be exposed to the
rubber particles and their hazardous constituents through
several routes, including ingestion, dermal uptake, and
inhalation, as illustrated in Figure 3. Many risk assessment
studies have been conducted to characterize the health risk of
tire rubber crumb in artificial turf fields via these exposure
routes, with the results consistently showing that no significant
health risk was associated with being on or playing on such
fields.
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Although intentional or incidental oral ingestion of tire
rubber crumb on artificial turf fields is not a major exposure
pathway for typical users, this may happen for young children.
The potential risk of direct ingestion had been assessed in many
studies, and no significant acute, cancer, or chronic adverse
health effects were found at exposure levels ranging from acute
to chronic scenarios.43,54,65−69 Oral exposure can also occur
through hand-to-mouth activity following contact with artificial
turf surfaces, and such risk is typically associated with high
degree of variability and uncertainty as the exposure is
influenced by many factors, including the frequencies of field
use, hand-to-playground contact, and hand-to-mouth activity, as
well as the transfer efficiencies of chemicals from hand to
mouth.55 Nonetheless, there is no indication that the exposure

to hazardous substances (PAHs and Pb) in tire rubber crumb
via hand-to-mouth contact could cause adverse health
effects.65,70,71 Overall, studies evaluating end points in both
children and adults consistently found that the tire rubber
crumb in playgrounds and artificial turf fields poses low risk to
human health through oral exposure.
Players can be exposed to the chemicals leached from the

components of artificial turf and the tire rubber crumb through
skin absorption. However, with the natural protection offered
by human skin and the typically short contacting time with tire
rubber crumb, dermal uptake of chemicals is unlikely to cause
systemic toxicity.55 In fact, risk assessment studies have shown
that the doses of toxic chemicals exposed through dermal
absorption were too low to cause any adverse health effects,
including allergic response or indicated sensitization, for
children and adults playing on artificial turf fields.54,65,67

Biological monitoring also revealed that the level of a biomarker
(1-hydroxypyrene) for PAH exposure in the urines of adult
football players did not increase after intensive skin contact
with rubber crumb on artificial turf fields, suggesting the uptake
of PAHs via dermal pathway (and other exposure pathways as
well) was negligible.68,72

Inhalation of VOCs, SVOCs, and particulates/dusts released
from the tire rubber crumb of artificial turf fields is another
important exposure pathway, particularly given the accelerated
inhalation rates of the players.48 Field monitoring showed that
the levels of PAHs and VOCs detected in the air above outdoor
artificial turf fields were not high enough to threaten human
health,47,48,73 and that the health risk from indoor artificial turf
was also below the level of concern with adequate facility
ventilation.52−54 One study found that the PAH emissions from
artificial turf fields could result in an excess lifetime cancer risk
of 1 × 10−6 for professional athletes with 30 years of intense
activity (5 h/day, 5 days/week, all year round) from inhalation,
but no risk for discontinuous or amateur users.9 No elevated

Figure 3.Major exposure pathways for athletes and occasional users to
the hazardous substances in artificial turf fields. Tire rubber crumb can
be intentionally or incidentally ingested by the field users, particularly
children. SVOCs and VOCs volatilized from the tire rubber crumb and
the fine particulates resuspended from the field can be inhaled. The
organic contaminants and heavy metals on the exterior surfaces of the
fiber blades and rubber infill, as well as the fine rubber granules, can
stick to the skin and clothes upon contact. As a result, the users can
also be exposed to these substances through dermal uptake and
incidental ingestion (e.g., via hand-to-mouth activity).

Figure 4. Influence of the major environmental factors on degradation of tire rubber crumb in artificial turf fields.
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risk was found with the exposure to respirable particulates
(PM10 and PM2.5) at artificial turf fields in both outdoor and
indoor settings, either.52−55 Taken together, it appears that the
health risk posed by tire rubber crumb used in both outdoor
and indoor artificial turf fields to professional athletes and
occasional users through inhalation is insignificant. Health risk
evaluation results indicated that elevated health risk from
inhalation exposure could occur only for workers installing
artificial turf in small and poorly ventilated facilities with a long
exposure history (>5 years).52

■ AREAS OF FURTHER RESEARCH
Although a number of studies have investigated the environ-
mental release of potentially hazardous substances from
artificial turf and its components, and exposure evaluations
failed to demonstrate significant environmental and human
health risks for typical field installations, several questions
pertaining to the environmental impacts of artificial turf fields
over their life cycle and their mitifation remain. Addressing
these issues should help resolve uncertainties that still hamper
the adoption of artificial turf at some sites.
Degradation of Tire Rubber Crumb under Field

Conditions. Characterization of the environmental breakdown
of tire rubber crumb is crucial for understanding the
environmental impacts of artificial turf as this process is
accompanied with release of the hazardous additives in the
rubber matrix and the degradation products of rubber
polymers. Although it is known that the cross-linked polymer
matrix of tire rubber can degrade slowly under natural
conditions,74 factors that influence the aging of rubber crumb
are poorly understood. As illustrated in Figure 4, exposure to
oxygen, ozone, heat, sunlight, and liquids can all cause changes
in the physical and chemical properties of tire rubber crumb,
and correspondingly release of contaminants from the degraded
rubber matrix. A range of additives and stabilizers are used in
tire manufacturing to inhibit undesired/unwanted chemical
reactions within the rubber components and to sustain their
structural integrity and desired properties over an extended
period of time. Oxygen in air permeates into tire rubber and
causes oxidative degradation of the vulcanizates, while the much
more reactive ozone almost exclusively attacks the surface
causing cracks perpendicular to the direction of applied stress in
the rubber.75 Heat accelerates oxygen diffusion in rubber stock
and thus the oxidative degradation.76 Ultraviolet radiation and
sunlight promote oxidative degradation and destruct the
antidegradants on the rubber surface.77 Water and mud cause
leaching of the soluble components from the rubber surface.
Climate and weather conditions also contribute to tire rubber
degradation as a composite result of the actions of sunlight,
temperature, and water. Overall, the interactions with all these
environmental factors lead to aging of tire rubber (i.e., cracking,
splitting, oxidizing, and overall deterioration).75,78

A range of antidegradants are used by tire manufacturers to
inhibit the attacks of oxygen and ozone (and flex cracking as
well): antioxidants to limit oxidative degradation of the
vulcanizates, antiozonants to retard the occurrence or growth
of cracks caused by ozone attack, and flex-crack inhibitors to
limit the initiation or growth of cracks resulting from cyclic
deformation (i.e., flexing) of tires.11,16 In addition, waxes are
used to provide ozone protection through formation of a
chemically inert surface barrier. Because they can migrate freely
in the rubber stock, waxes are squeezed out onto the surface as
the tire rolls, which also helps bring fresh antiozonants to the

outside surface. As the antidegradants are gradually lost or used
up through the life of tires, aged tires have drastically reduced
resistance to weathering and initiation and propagation of
cracks compared to new ones.79 Due to the loss of
antidegradants, rubber crumb produced from scrap tires are
subject to much more significant attacks from oxygen, ozone,
and sunlight compared to virgin rubber. The specific surface
areas of tire rubber crumb are much higher than those of scrap
tires, and most of the surface area is newly created by grinding
or other mechanical processes. As a result, the volatilization of
organic contaminants into air, and the leaching of heavy metals
and organic contaminants into the percolating water from tire
rubber crumb are expected to be significantly increased
compared to the bulky scrap tires. The small particle sizes of
the tire rubber crumb also facilitate the aging process.76−78

With their high surface-to-volume ratios, granules of tire rubber
are subject to significant ozone attack, which occurs
predominantly on the surface.78 Oxidative degradation is also
accelerated due to easier diffusion of oxygen into the rubber
stock.75 Under natural conditions, the protection effect of
antidegradants left in the tire rubber crumb is also lost more
easily from the granules of smaller sizes.77 Furthermore, the
diurnal cycle of heating and cooling, and the freezing and
thawing, as well as the wetting and drying cycles associated with
weather patterns, along with the abrasion of the granules during
playing time all can enhance the degradation of tire rubber
crumb. The breakup of tire rubber crumb further accelerates
the degradation process, and concomitantly, the release of
hazardous substances into the environment.
Tire rubber is extremely resistant to biodegradation because

of its complex composition and the additives within its
matrix.74,80 Nonetheless, recent research showed that the
activity of both aerobic and anaerobic microorganisms could
devulcanize tire rubber polymers.74,81 Thiobacillus ferrooxidans
and Nocardia could cause microbial desulfurization of tire
rubber granules,81−84 and the degradation rate generally
increased with decreasing particle size when the cell attachment
efficiency was not a limiting factor.84,85 Nonetheless, degrada-
tion of tire rubber granules caused by microbial attack is much
less significant compared to the attack by atmospheric
oxygen.86 Given the highly variable physical conditions (e.g.,
moisture and temperature) in artificial turf fields, biodegrada-
tion of tire rubber crumb is not expected to be important
compared to the abiotic degradation processes discussed above.
Because of the complex actions of oxygen, ozone, sunlight, and
water on rubber degradation, and the significantly variable
conditions of artificial turf fields, it is necessary to study the
degradation of tire rubber crumb under relevant conditions
over their functional lifetimes.

Leaching Dynamics of Hazardous Substances. The
impacts of artificial turf fields on the environment are expected
to be localized but last throughout their functional lifetimes. To
predict the long-term impacts of artificial turf fields and help
designing appropriate environmental safeguards, it is necessary
to understand the environmental release of toxic metals (e.g.,
Zn, Pb, and Cd) and organic contaminants (e.g., PAHs) on a
fundamental basis. Heavy metals are nondegradable in
comparison with organic contaminants, and hence persist in
the recipient environment. Thus the accumulation of heavy
metals released from artificial turf fields over long-term is of
particular concern. The high contents of ZnO, and to a lesser
degree, PbO and CdO, in the tire rubber crumb present a
significant point source of these hazardous substances. A typical
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soccer pitch/field can contain a total of 1.2 tonnes of zinc
(assuming the rubber crumb has an average ZnO content of
1.5%). It has been estimated that under natural conditions 10−
40% of the Zn could be released from the fine tire debris (<100
μm) mixed in soils within one year.87 If 10% of the ZnO in the
tire rubber crumb of an artificial turf field were released over its
functional lifetime (10−20 years), it would contaminate 24 000
m3 of water to the secondary drinking water standard (5 mg/
L), or 1 million m3 of water to the USEPA’s criteria maximum
concentration (CMC, 120 μg/L) for the protection of
freshwater aquatic life. Similarly, the potential leaching of Cd
and Pb, which have much lower MCL and CMC values than
Zn, also poses significant environmental concerns. Because of
its negative environmental effect and high cost, the tire industry
has attempted to reduce the use of ZnO in tires and substitute
it with alternative vulcanization activators, but with limited
success so far.88,89 Therefore, the risk associated with Zn
leaching from tire rubber crumb would remain for artificial turf
fields in the foreseeable future.
Tire rubber also contains significant levels of PAHs, which

originate from the highly aromatic (HA) oils added as extender
oils and the carbon black added as a reinforcement filler during
production (SI). Due to concerns on the harmful effects of
PAHs on human health and the environment, tire manufac-
turers had begun to substitute HA oils with alternative extender
oils since the 2000s.90 Extender oils that contain more than 1
mg/kg of benzo[a]pyrene or 10 mg/kg of the EU-8 priority
PAHs have been banned in tires manufactured in or imported
into the European Union (EU) countries since 2010.91 As a
result, major tire manufacturers have been implementing the
changes at their plants worldwide. Meanwhile, carbon black is
still used as a reinforcement filler of choice in tire
manufacturing, thus its contribution to PAHs in tire rubber is
becoming relatively more important.92 Overall, with the phase-
out of HA oils in tire production, the contents of PAHs in tire
rubber crumb are expected to decline significantly over this
decade.
The risk on human health and the environment posed by

heavy metals and organic contaminants occurring in artificial
turf depends on the rates at which they are released and
transported into the target organisms.93 The hydrophobic
PAHs in tire rubber crumb are not expected to desorb readily.
It has been observed that the PAHs on commercial carbon
black materials were not leached by artificial lung fluid,94 and
that the PAHs on carbon black incorporated in cured rubber
formulations were scarcely available to various aqueous
media.95 Similarly, the rubber stock also has high affinity for
HA oils and PAHs, and these organic contaminants are not
expected to leach out easily. Therefore, characterizing the
release of contaminants and their subsequent fate and transport
under field conditions is critical to assess their actual risk. Many
factors, such as the composition of the infill, and its particle size
and age, the acidity of rainwater, and the ambient temperature
are expected to affect the leaching rates of heavy metals and
organic contaminants from tire rubber crumb, while the
subsequent transport behaviors of the contaminants released
are affected by their interactions with the underlying rock
materials and pH of the drainage.35,49 The long-term evolution
of the contaminant release rates is difficult to predict: they can
decrease over time due to the depletion of contaminants on the
surface of the rubber granules, while the accelerated weathering
of rubber granules exposed to sunlight, oxygen, ozone, and
water/moisture can result in formation of cracks and possibly

breakup of the rubber particles, which are expected to enhance
their release.
Large-scale monitoring campaigns based on systematic

random sampling of all artificial turf field sites can be cost-
and resource-prohibitive. Thus carefully coordinated laboratory
and field investigations are invaluable for characterizing the
release of heavy metals and organic contaminants from artificial
turf under relevant environmental conditions, as well as their
transport behaviors along with the field drainage. It is
particularly worthwhile to study the contaminant release
under conditions representative of “worst case” scenarios
(e.g., high temperatures and frequent rainfalls) to estimate
the upper bound of impacts.

Management of Storm Drainage from Artificial Turf
Fields. To mitigate the release of potentially hazardous
substances from artificial turf fields into the aquatic environ-
ment, optimized treatment systems and management strategies
are needed to remove the contaminants before the drainage is
discharged into the receiving body. The gravel layers beneath
the artificial turf serve as a reservoir for the rainwater fallen on
the fields. The crushed rock used as a base material in the
construction of artificial turf field (Figure 1b) has a
neutralization effect on precipitation (e.g., acidic rainwater),49

and can effectively retain Zn through sorption/coprecipita-
tion.35 Its presence in artificial turf fields help immobilize some
of the heavy metals released from the tire rubber crumb,
although the drainage of artificial turf fields still contained heavy
metals at appreciable levels.35,50,68 Given the relatively large
areas of artificial turf fields, significant quantity of drainage can
be collected for beneficial uses after proper treatment, such as
field cleaning and irrigation of adjacent grass lawns.
Even though many of the contaminants that can be present

in the drainage from artificial turf fields do not have relevant
regulatory standards, it is prudent to treat the drainage to
prevent potential synergistic impacts of the contaminants at low
concentrations. The drainage is produced only intermittently
and often has complex chemical composition with significant
variations in the concentrations of the contaminants, thus
conventional biological, physical, and chemical processes
developed for removing organic contaminants and heavy
metals from industrial and municipal wastewaters may not be
effective. Besides the technical capability, the treatment process
should also meet the criteria of being robust, low-cost, and easy
to maintain. The hydrophobic organic contaminants (such as
PAHs) can be adsorbed from aqueous solutions onto activated
carbon, while heavy metals can be removed by mineral sorbents
through sorption and coprecipitation. Therefore, mixed
sorbents (e.g., activated carbon and mineral sorbents) packed
in the configuration of a filtration bed or a permeable reactive
barrier can be employed to remove the contaminants leached
from tire rubber crumb. Such treatment system can be installed
conveniently under the artificial turf fields to help mitigate the
potential impact of field drainage on aquatic environment.

Disposal and Recycling of Artificial Turf Components.
Typical artificial turf fields have functional lifetimes of 10−20
years. Rubber crumb and other components of artificial turf
degrade upon exposure to sunlight, air, and water, and
eventually must be disposed of. Landfilling is the default
disposal option for scrap tires that are not recycled or reused.
However, tires in any shape or form have been banned from
landfills in the EU countries since 2006,96 while landfilling of
cut or shredded tires is currently allowed in only 36 states of
the U.S.4 Given the large mass of tire rubber crumb used in
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artificial turf fields, effective treatment or recycling schemes
must be developed to minimize the environmental impacts
upon disposal. A potential solution is to use the spent tire
rubber crumb as tire-derived fuel to supplement traditional
fuels (SI), although attention should be paid to control the
potential emissions of heavy metals contained in the rubber and
toxic organic contaminants, such as PAHs, and dioxins and
furans (due to the presence of chlorine in tires) during
burning.97 The plastic fibers and carpet backing of artificial turf
used to be landfilled at the end of the field’s functional lifetime.
A few companies have started to offer the alternative of full field
recycling for artificial turf since 2010. After thorough separation
of the infill materials, the plastics are shredded, repalletized, and
converted into useable materials for new artificial turf
applications or other extruded plastic products.
Development of Alternative Infill Materials. The

human health and environmental risk of artificial turf can be
eliminated or reduced by substituting the tire rubber crumb
with alternative infill materials containing less hazardous
substances. Several alternative infill materials have been
developed by artificial turf and rubber manufacturers.6,48

Table 3 summarizes the advantages and limitations of the six
major types of infill materials available on the market. Even
though the alternative infill materials contain much less
hazardous substances than tire rubber crumb, they are often
considerably more expensive. Besides the criterion of
containing minimum hazardous substances, the safety,
durability, and cost of the infill materials are also important
considerations. Sand and tire rubber crumb have been field
tested and proven for several decades, while the performance
and environmental friendliness of the newly emerged infill
materials, including thermoplastic elastomers, ethylene propy-
lene diene monomer (EPDM) rubber, organic infill, and rubber
coated sand remain to be field proven.6 Furthermore, some of
the alternative infill materials also release organic contaminants
and have environmental impacts similar to those of tire rubber
crumb.7,52,70,98 It may take years to develop environmentally
friendly alternative infill materials that can match the durability
and performance of tire rubber crumb. It should be noted that
raw materials and energy are required for the production of
most of these alternatives, in addition to the lost benefits of
reusing scrap tires. Thus the life cycle environmental impacts
should also be considered when developing substitutes for tire
rubber crumb in artificial turf.

■ PERSPECTIVE ON THE TURF WAR
Recycling and reuse of tire rubber in artificial turf contribute to
sustainable development by reducing the dependence on new
materials, waste generation, and energy consumption. The
limited number of studies conducted to date appear to indicate
that the concentrations of hazardous substances in the drainage
from artificial turf fields and in the air above them are relatively
low and of no significant concern. Nonetheless, the release of
organic contaminants and heavy metals into the air, water, and
soil in the surrounding environment occurs continuously, and
their cumulative masses can be significant over the fields’
functional lifetimes. There remains a significant knowledge gap
that must be urgently addressed with the fast expansion of the
artificial turf market. Given the wide range of designs, ages, and
conditions of artificial turf fields, it is likely that the
contaminant release and the environmental impacts are variable
from site to site. It is also important to assess more
systematically the risk posed by the tire rubber crumb on the

environment and human health. The contents of some
hazardous substances, such PAHs, in tire rubber are expected
to decrease over time as the industry becomes more
environmentally conscious, which is going to reduce the
associated risk in artificial turf. Meanwhile, the development of
alternative infill materials for replacing the tire rubber crumb,
which may significantly increase the cost of artificial turf, will
help eliminate some of the major environmental concerns.
Overall, manufacturers are expected to produce more environ-
mentally friendly artificial turf as the general public become
increasingly concerned with its negative environmental impacts.
It is worth pointing out that the turf grass industry has also

been making significant progress in developing new types of
grass to meet the water challenges and the increasing
environmental concerns associated with fertilizer and pesticide
applications. Improved turf grasses can be extremely drought-
tolerant, tough, and fast-growing, while having lower require-
ment for fertilizers and maintenance. Organic fertilizers that can
eliminate most of the environmental issues associated with
chemical fertilizers are also available. These advances have
greatly reduced the necessity of artificial turf in warm climates.
On the other hand, artificial turf appears to be the most viable
playing surface currently available in indoor sports facilities, in
the cold climates where the prime growing season of turf grass
is rather short, and in the dry climates and other zones with
scarce water resources.
Natural grass and artificial turf each have their advantages

and limitations (Table 1). Despite the existence of methods for
estimating their life cycle costs and environmental impacts, a
generally applicable methodology to compare objectively and
quantitatively the benefits and impacts of natural grass and
artificial turf is difficult because some of these attributes are
unrelated (belong to different categories) and site specific, and
depend on how users value them.
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Abstract: Artificial sport surfaces, for team outdoor sports, are growing in number in many
sports including soccer (association football), rugby, hockey, and football (American and
Australian). The science of their behaviour has, it is argued, been under-researched in com-
parison to the development of artificial turf products and also the development of many of
the sports with respect to athleticism and advances in equipment such as footwear. This
paper reviews artificial turf design requirements and behavioural aspects to develop the sci-
ence, and draws from a range of up-to-date literature to identify the key principles of behav-
iour and gaps in knowledge. The relationship between the material types used in the
substrate support and surface system (comprising some form of shockpad and turf, the turf
infilled or unfilled) behaviour is demonstrated in regard to the key performance factors of
player–surface interaction – for both impact and traction. The data demonstrate the relatively
complex behaviour of surface systems, and highlight the pitfalls of current simple mechanical
tests in relation to human loading. Degradation and the role of maintenance to sustain long-
term performance are issues also highlighted and discussed. Surface safety is discussed
through a short review of studies related to injury risk, albeit most were associated with the
contrast between natural turf and artificial turf; however, there is clearly more research
required in injury surveillance to include aspects of objective surface measurement. This
paper additionally provides the reader with a state-of-the-knowledge review of where current
thinking is now, and where future research is considered to be of merit, in developing sport
surface science.

Keywords: sport surfaces, artificial, injury, impact, traction, testing, measurement, durability,

materials, maintenance, biomechanics, player loading, safety

1 INTRODUCTION

The general topic of sport surfaces is large, covering

both indoor and outdoor surfaces for which aspects

of design, materials, construction, testing, perfor-

mance, and durability are all important. Indoor

sports hall floors [1] often comprise sprung systems,

and are referred to as ‘area elastic’ – for which the

application of a point load causes deflection over

a relatively large area around the point of applica-

tion of the force. Outdoor surfaces are referred to as

‘point’ elastic with deflection local to a smaller

area/or point loading. Outdoor surfaces are used for

many sports, include running track, though this

review paper is restricted to surfaces for the popular

team sports, soccer, rugby, and hockey that rely on

a rectangular ‘pitch’ of large dimensions for training

and/or competition and have come to rely on ‘arti-

ficial turf’ - comprising synthetic fibres (green usu-

ally) which exhibit a look similar to natural grass.

However, many behaviour principles and test meth-

ods covered here are applicable across the range of

sports that also utilize artificial turf such as tennis,

cricket, and rugby league.

The roles of a sport surface are essentially to pro-

vide safe provision of player interaction and/or ball
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interaction to an appropriate level of performance

(over its design life) and be cost-effective and man-

ageable. The importance of one particular role or

the order of priorities usually depends largely upon

the key stakeholder such as the funder, the owner/

operator, sports governing body, or end user(s). In

terms of cost and management, many facilities are

of course for hire and can generate significant

income revenue.

Artificial surfaces increasingly represent an effec-

tive alternative to natural turf, and permit relatively

higher usage (greater durability) but require rela-

tively higher initial capital spend [2]. However, their

‘all weather’ capability usually offers real benefit in

terms of high intensity use, often suggested as up to

50 h per week, usually coupled with floodlights to

extend playing hours and income. Outdoor artificial

sport surfaces represent significant assets, and to

ensure good value for money need to be carefully

selected to suit the users, constructed to exacting

standards, and then well maintained. Artificial turf

was originally marketed as ‘low maintenance’, and

poor aftercare has, in the author’s opinion, affected

the legacy of provision in the UK and elsewhere.

The introduction of ‘performance standards’ spe-

cific to each sport that discriminates between com-

petition levels has slowly educated many

stakeholders into a more business-like attitude in

recent years, in the author’s opinion.

Notwithstanding the improvement in product

guidance and specifications from policy makers

(see section 2.2), there have been many significant

developments in the technology applied to the

manufacture and construction of surfaces, and

research on the effects on human (and ball) interac-

tion has largely lagged behind. This imbalance is, it

seems, slowly changing but currently the emphasis

is on elite sport performance with little aimed at the

community level.

In the UK, for example, the number of artificial

turf facilities has been steadily increasing, largely

due to the development of products more suited to

football (soccer), funding streams to promote wid-

ening participation, and the health agenda, and also

the potential income benefits for community/

school facilities clubs operating artificial turf facili-

ties relative to natural turf. In addition, lower pro-

fessional clubs are increasingly installing artificial

turf products, primarily for business reasons.

However, from a more international perspective,

the introduction of artificial turf facilities in coun-

tries with high summer temperatures, such as

Australia for Aussie rules football at community

level [3], require careful consideration. The environ-

mental issues such as drought/water shortage

provide great impetus for non-turf installations, but

in contrast there is concern that artificial turf can

experience elevated surface temperatures in com-

parison to natural turf.

Artificial turf is, it appears, under much scrutiny

for aspects of its health-related implications such as

player injury risk, but also its play performance to

ensure that it is acceptable at all levels of sport. The

current market for more artificial turf facilities and

healthy industry competition has spawned a very

large range of proprietary surface systems. It was

estimated in 2008–9 that around 25 000 000 square

metres of artificial turf carpet was produced in

Europe by the main artificial carpet manufacturers,

against a reported stock comprising of 15 000

soccer, more than 1000 hockey, and more than

5000 tennis facilities in Europe [4]. Currently,

worldwide market figures are not available.

This paper presents a state-of-the-art review of

both the research literature and industry perspec-

tives describing both the types of, and behaviour of,

(outdoor) artificial turf surface systems, and perti-

nent aspects of the regulatory framework (for

soccer, rugby, and hockey) within which surfaces

should/must comply. The scientific focus of the

paper is intended to be international, whereas the

practical aspects of design, construction, and main-

tenance are predominantly drawn from direct expe-

rience of UK practice and to an extent European

practice.

2 ARTIFICIAL SURFACES – TYPES AND

REQUIREMENTS

To those outside of the surfaces industry, including

researchers, the vast range of products marketed

and the large array of terms used (often incorrectly

applied in the author’s opinion) can be confusing.

In addition, several terms are used interchangeably

to mean artificial turf, such as: synthetic turf; syn-

thetic fibres; synthetic carpet; artificial grass; plastic

grass; and football turf, in marketing literature and

the popular press.

The artificial grass carpet is made from yarn

which may be either woven (produced on a loom

similar to cloth) or tufted (injected and looped into

a backing material using a machine that is like

a large sewing machine and cut so that each loop

forms two strands). Once woven or tufted the indi-

vidual strands of yarn are then termed fibres, and

also referred to collectively as the carpet ‘pile’.

Usually some form of adhesive is used to reduce

the problem of fibres being pulled out of the carpet

backing. Another different form of producing an
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artificial turf carpet is termed ‘needle punching’, in

which the yarn is punched into a centre fabric

to produce a more felt-like mix of fibres with

more random vertical, horizontal, and angled

orientations.

Furthermore, the terms relating to the ‘genera-

tion’ of artificial turf products is also confusing –

and is further clarified below.

2.1 Surface systems and classification

There exist many documents that describe artificial

turf systems in relation to specific sport provision

including a range of specifications and standards.

In the UK, the term ‘synthetic turf pitches’ was and

still is common in British Standards [5] and indus-

try guidance [6], though recent guidance from Sport

England [7] on selecting surfaces uses the term

‘artificial grass pitch’. However, ‘artificial surface’

was also used in the early British Standards and the

latest European Standard [8] uses the term ‘syn-

thetic turf surface’ to mean a sports surface com-

prised a carpet of tufted, knitted, or woven

construction whose pile is designed to replicate the

appearance of natural grass. FIFA’s documentation

[9] now refers to artificial turf as ‘football turf’.

The artificial turf market has changed consider-

ably since the early days of the first installation for

American Football in the Astrodome, Houston,

Texas, in the 1960s. The products have been devel-

oped largely by manufacturers with sufficient

resources and vision such that, despite the very

negative publicity surrounding its introduction into

English professional football in the 1980s, today,

sports such as hockey, rugby, soccer, tennis, and

cricket utilize artificial grass for training and/or

competition – up to international level.

The first generation of products was developed in

the 1960s and comprised a dense artificial turf

carpet, usually with nylon fibres (good for durabil-

ity) and was unfilled (also termed non-filled). These

systems were relatively hard in terms of impact

absorption, and were abrasive to skin contact from

sliding. Carpets typically comprised 10–12 mm

length fibres, woven or tufted into the carpet, and

anecdotally these systems were observed to develop

very high traction. The earlier systems used no

shockpad underneath the carpet and a high ball

bounce in football was one consequence, though an

integral shockpad (part of the carpet backing) was

common in later developments. Water was added

to the surface by hockey to help reduce ball speed

and skin abrasion effects (note: in 1974 this system

was used for hockey for the first time at the

Olympics). Hockey still uses a form of this simple

system today, though currently with more shockpad

and softer fibres. It was a general finding, unsur-

prisingly, that these hard abrasive early surfaces

carried a greater risk of injury relative to today’s

available systems [10].

The second generation of products were devel-

oped and introduced in the 1970s, and is often

termed sand-filled carpets. Typically, it comprised

20–25 mm length fibres of either monofilament or

fibrillated polyethylene, a softer yarn than nylon,

with wider spaced tufts of fibres saving costs and

used to accommodate the sand infill. This system is

in wide use today, and is very popular at clubs for

community multi-use facilities. Denser tuft spacing

with a smaller quantity of sand has been subse-

quently developed and termed ‘sand-dressed’. The

sand infill provides weight and stability to the ligh-

ter (less dense) carpet, and it also helps control play

performance aspects such as underfoot traction and

ball bounce. Sand-filled systems proliferated

throughout Europe, and are used for hockey (it is

a cheaper than denser non-filled watered systems)

and also for tennis. The ‘astro-turf boot’, as it was

often termed, was introduced for these surfaces

specifically comprising multiple short dimples on

the base to provide better shoe–surface interaction.

The term astro-turf� was a trade name and is

sometimes incorrectly used today to mean many

forms of artificial carpet.

The third generation (3G) of products were devel-

oped in the late 1990s, and were specifically aimed

at better simulation of natural turf and to permit

the use of normal studded (cleated) soccer boots.

FieldTurf, now FieldTurf Tarkett, a division of

Tarkett Inc., based in Calhoun, Georgia, USA is the

company credited with inventing this product. The

3G systems typically comprise a relatively long fibre

in the carpet, 40–65 mm is a typical range, using

monofilament or fibrillated fibres with a relatively

low tuft density (large space between tufts). They

are termed ‘filled’ surfaces [8], and relatively large

quantities of infill are required in comparison to

first or second generation products, with usually

a sand layer at the base (for stability) and crumbed

rubber/elastomeric particles (can be a recycled tyre

source) to aid the play performance and comfort.

The infill is installed to a depth of typically two-

thirds of the pile height, and may comprise some

120 tonnes of recycled rubber for a full-sized soccer

pitch. The free-standing length of fibre showing

above the infill (sometimes referred to as ‘pole’

length) is important for aspects of surface friction

such as ball roll. These 3G surfaces have prolifer-

ated in association football (soccer) and more

recently also in rugby union. There exist detailed
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performance standards from the IRB [11] and FIFA

[9] following their own research and monitoring

programmes into play performance, testing, and

injury, discussed further in sections 2.2 and 3,

respectively.

The term fourth generation is also now in use in

the industry, though its meaning is less well defined

and may be used inconsistently as there is little pre-

cedence from implemented systems. Some would

suggest that this new generation describes a surface

system with a reduced need for infill (and its associ-

ated maintenance) and that the carpet may com-

prise fibres that both maintain their resilience

performance but are also durable, a difficult behav-

iour to achieve with thermoplastics. The products

currently being marketed as fourth generation usu-

ally include a mix of fibre types in the carpet that

are shaped during extrusion (into fibres with a stiff-

ened profile or are composite fibres) and may then

also be textured (curled) to improve resilience. A

mix of fibre lengths and relatively close tuft spacing

also seem to be a feature.

Recent technological developments in artificial

surface systems include innovations to the three

key components that make up the surface ‘system’:

the shockpad; carpet; and infill. Shockpads have

been developed and improved with regard to in situ

products mixed and laid on site (also known as wet-

pour), prefabricated products including tiles (inter-

locking like a jigsaw) or rolls, and in some cases are

designed into the aggregate base beneath the sur-

face system. In some cases the shockpad may be

excluded if the design of carpet/infill together with

the underlying base provides enough shock absorp-

tion. Carpets, and specifically developments in the

fibres that are woven or, more commonly today are

tufted into a carpet product, have been developed

to meet different sport’s requirements and many

advances have focused on the compromise between

friction properties, and durability, softer fibres are

favoured by the players but they wear out quickly

or flatten. Carpets with a range of fibre lengths,

number of fibres per tuft, shape, texture, and tuft

spacing are available. Fibres that absorb and radiate

less heat to users are also being developed into car-

pets for hotter climates. Infill developments have

tended toward alternatives to recycled rubber

crumb (shredding truck/car tyres) with other types

of ‘waste’ products or bespoke new products from

virgin material emerging on the market. This

includes coloured infills used for aesthetic pur-

poses, and also to overcome some limitations of

(black) recycled rubber such as their odour and

high heat absorption. Many claims are made in

marketing information regarding infill qualities but

little published research is currently available on

their behaviour or assessment in any detail [12].

A typical cross-section of an artificial pitch

design is shown in Fig. 1. This shows the sub-layers

that form the pitch foundation, with concomitant

requirements for stability, load bearing (relatively

light from the users but the designer must consider

maintenance plant and other applications such as

for emergency vehicles or other uses of the facility

such as public events), frost resistance, planarity,

and through drainage (in most cases the surface

systems are designed as porous). The requirements

for the thickness of the sub-base is based upon the

strength of the subgrade (natural soil), and for the

asphalt is based on required planarity usually with

a minimum buildable thickness of 40 mm. The

design life of the foundation should be at least 25

years. The expected life of the surface system is

expected to depend on intensity of use, and to

some extent the maintenance regime, but is typi-

cally 5–10 years for a 3G system and perhaps 15

years for a second generation system – though no

authoritative data exists. The shockpad (when sepa-

rate) should be designed to last two carpet lifetimes.

Product quality and installation quality are also

expected to affect longevity.

In the UK a recent publication by Sport England

about surface selection, aimed at educating clubs

[7], has attempted to establish a set of clearer

guidelines for discriminating between water-type

(water-based) systems aimed at high level hockey;

sand type (sand-filled and sand-dressed) aimed at

hockey primarily; and rubber crumb type: long-pile

3G 65 mm (with shockpad) aimed at rugby; 55–

60 mm (with or without shockpad) aimed at foot-

ball; and short pile \40 mm (also considered

acceptable for some levels of hockey). This publica-

tion, produced in conjunction with the national

sports governing bodies, was in response to increas-

ing confusion of users/clubs/schools on how to

select an appropriate surface for their needs. The

issue as to whether hockey can be played to an

appropriate skill level on short-pile 3G systems in

the UK, installed for soccer as the primary sport but

that have passed FIH performance testing, has

raised the very real problem of player feedback not

seeming to agree with the suite of compliance test-

ing specified in the relevant sport’s performance

standards (see section 4.3).

In spite of the increasing number of documents

available it is a challenging task to objectively com-

pare between the many surface systems available, or

contrast cost versus product ‘value’. It is only since

2006, in the UK, that audits of the stock of sport

facilities has been made public by the database
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‘Active Places’ [13]. However, enhanced sport stan-

dards [9, 11] and codes of practice for construction

[6] and aftercare, and dissemination of research into

practice [14] has, in the author’s opinion, led to

improvements in the quality of sports surface provi-

sion in the last 10 years, in the UK at least.

2.2 Performance requirements

The sports governing bodies set out their own

methodologies for performance compliance of

newly installed artificial turf pitches (ATPs). These

in general follow a similar framework, however,

comprising the following steps for approval for high

level competition play performance.

Step 1: accreditation of manufacturer’s products

for use in the specific sport. This is based on the

complete ‘system’, from a series of laboratory

tests (most are to BSEN standards) with set limits

for compliance stated in the performance standard

for the sport. This allows the product vendor to

show that a system has been approved by that

sport for a specific level of competition, or for

multi-use.

Step 2: accreditation of a constructed pitch. This

is based upon a series of field tests (many are to

BSEN standards) required to meet the compliance

targets. This shows field compliance with the

system approved in the laboratory in step 1 and

acceptable quality of installation (e.g. for FIFA 1 or

2 star approval in their ‘quality concept’ [9]).

Step 3: Long-term performance. This requires

pitch retesting at intervals, testing as per step 2, to

demonstrate ongoing quality at the specific level for

which it was originally designed. The frequency of

retesting is dictated by the play level ‘rating’ of the

pitch.

Note: all accredited testing has to be carried out

by certified and approved testing laboratories.

The development of performance-related stan-

dards and specification for test methods in the UK

dates back to the introduction of the British

Standard 7044 ‘Artificial Sport Surfaces’ [5], which

superseded previous Sports Council guidance, and

has been updated and superseded by the European

harmonization of many standards in 2007. Multi-

use facilities, also termed multi-use games areas.

Offer a cost-effective solution for schools and

other facilities with a wide range of sporting

demands. While a multi-sports area is often seen as

a ‘safe option’, it should be recognized that there

will almost always be a need for compromise, pri-

marily in terms of the performance of the playing

surface, as no one surface is suitable for all types of

sport [8].

Furthermore, compromises on the player–surface

interactions are considered more difficult if players

are to be protected from an increased risk of injury.

For example, reducing the shock absorption level to

increase the ball rebound for tennis might result in

a greater number of injuries to football players who

will fall onto the surface more frequently than

Infill of 
rubber granules &
sand particles
Synthetic turf 40-65mm

Shockpad 12-30mm
(recycled rubber)
Fine course asphalt 25mm
Base course asphalt 40mm

Finer broken stone 50mm

Coarser broken stone 250mm

Geosynthetic separator membrane

Compacted fill > 250mm.

Fig. 1 Cross-section of typical construction profile for a typical long-pile infilled (3G) pitch
designed for soccer and/or rugby, showing layers and typical thickness
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tennis players. It is suggested that, as a general rule

[8], the characteristics of the surface should be

designed to satisfy the priority sport of a facility.

The test techniques previously referred to in the

‘approval’ process steps are largely aimed at ‘perfor-

mance’ in relation to player–surface and ball–surface

behaviour, and Table 1 summarizes the required

target values for several tests used for soccer [9],

rugby [11], hockey [15], and also multi-use [8] to

provide a comparison. In addition to those shown,

a number of test methods exist for durability of sys-

tems in relation to environmental factors and also

resistance to mechanical wear – which require cli-

mate cabinets and simulated footfall machines. In

addition, in brief, physical assessment of artificial

turf carpets includes measurement of: mass per unit

area; tufts per unit area; pile weight; tuft withdrawal

force; pile length above backing; fibre Identification,

to show product compliance. Tests also exist for

shockpads such as: mass/area; thickness; compress-

ibility; and tensile strength. Infill-related tests for

sand include: shape; size range; and bulk density;

and for rubber infill the size range.

1. The per cent force reduction (also often termed

shock absorbency) represents the test result

peak vertical impact force when compared

between the sport surface and concrete, a larger

percentage meaning ‘softer’ underfoot (see sec-

tion 4.1 for further details).

2. Vertical deformation is measured from a similar

impact test to that used in the per cent force

reduction, but which measures the maximum

surface deformation under the impact loading.

3. HIC is the ‘head injury criterion’, also inter-

preted as ‘critical drop height’ – interpreted

from analysis of an accelerometer attached to

a (5.5 kg) metal hemispherical missile dropped

from increasing height. It aims to help provide

protection against concussions and serious head

injury. Rugby guidance stipulates a shockpad to

pass this test.

4. Rotational traction – a simple studded disc is

rotated on the surface until the maximum resis-

tance torque is measured. Too low a torque is

said to represent too slippery, and too high

represents the possibility of ‘foot lock’ and ankle

injuries (see section 4.2 for more details)

5. The pendulum test measures the energy lost

through surface friction from contact of the test

foot swung from a set height. It was developed

from skid resistance testing of road surfaces. For

infilled 3G surfaces a studded foot is used and

the peak deceleration on contact is also

recorded. The mass of the swinging arm and

studded test foot is specified as 2 kg in mass.

There are many potential challenges for approxi-

mating a human athlete’s surface interaction with

simple mechanical tests such as these, discussed

further in section 4.

2.3 Durability

The long-term degradation/wear and resulting per-

formance behaviour of artificial turf has not been

well documented to date. A few studies have col-

lected data in the UK that demonstrate the changes

Table 1 Summary table of performance specifications for soccer, rugby union, hockey, and multi-use

Sport and level of competition

Player-surface tests Units FIFA 1 Star FIFA 2 Star FIH (Global) IRB

Force reduction1 % 55–70 60–70 40–65 60–75
Multi-use 55–80 35–54 61–80
Vertical deformation2 mm 4–9 4–8 N/A 4–10
HIC-critical drop height3 m — — N/A .1.0 (>1.3)
Rotational resistance4 Nm 25–50 30–45 N/A 30–50
Multi-use 25–50 25–50
Slip resistance5 (pendulum test) — — 0.6–1.0 0.6–1.0
Linear friction- stud deceleration value

(modified pendulum test with studs)
g 3.0–6.0 3.0–5.5

Ball–surface tests
Ball rebound resilience (from set drop height) m 0.6–1.0 0.6–0.85 0.1–0.4 0.6–1.0
Multi-use 0.61–1.14 0–0.5 0.61–1.14
Ball roll (simple ramp) m 4–10 4–8 9–15 —
Multi-use 5–10 5–15
Angled ball behaviour (change in velocity) % 45–70 dry 45–60 dry N/A 50–70

45–80 wet 45–80 wet

Note that space does not permit full explanations of the test methods or test philosophy. In general all the sports have used test results

from ‘high quality’ natural turf as the gold standard to help set the acceptability test limits (with the exception of hockey). Key points (1–

5) made about the tests in Table 1 can be found within the text.
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in performance over a significant time period, for

hockey [16], and regarding maintenance [17–19].

There are also industry guides [6] that present what

is considered ‘best practice’ for maintenance but

are largely based on qualitative measures of

observed behaviour.

Recent studies of note have contributed

increased understanding of the effects of contami-

nation on the performance of sand-based systems

[17], the use of simple tests to evaluate changes in

performance [18], and the ‘wear’ across elite hockey

surfaces over several years [16, 20]. Figure 2 shows

the results from rotational traction testing on

hockey water-based fields [16]. The figure shows

interpretation of the data from 25 spot test posi-

tions (and each values is the mean of five tests at

that position) after processing with an interpolation

function in the ArcGIS software [16] that smoothes

the transition between spot values using a simple

weighting for each neighbouring value dependent

on its distance. The figure is intended not for

detailed interpretation but to illustrate the spatial

variation of tractions across a pitch to show high

and low traction regions, and to compare between

two pitches of the same construction specification

and with exactly the same artificial turf carpet prod-

uct. The older carpet (by several years) showed

lower peak traction results, corroborated by visual

observation of more excessive pile wear.

The results of a project in Holland which moni-

tored 50 long-pile 3G soccer fields to FIFA test stan-

dards for the period 2001/02–2008, and which also

summarized the hours of use and maintenance

regimes have been recently presented [21]. In gen-

eral, these findings showed that the pitches had

become harder (average of a 10 per cent drop in

force reduction, a 19 per cent change from the orig-

inal state) and had become less compressible (an

average deformation reduction of 5 mm, a 45 per

cent change from the original state). The data also

showed increased ball roll (average change of 3.5 m,

a 35 per cent change from the original state) and

increased ball rebound (average increase of 0.15 m,

a 17 per cent change from the original state).

However, for rotational traction (test 4 in Table 1)

the field values remained very similar over the

period – perhaps surprisingly in light of the other

changing data. It was concluded in the study that

there was a (weak) trend of higher use and lower

levels of maintenance leading to poorer perfor-

mance (i.e. failures to comply with the target values

in Table 1) across a range of the play-performance-

related tests. It was pointed out in the study that

during the period of this programme of testing the

Fig. 2 Hockey pitch rotational traction variability (note the 25 test positions shown as large dots
are not equally spaced) for two pitches in the UK with the same construction specifica-
tion. See section 2.3 for further details of the analysis. The left-hand pitch (Cannock) is
several years older than the one on the right (Highfields), and gave much lower traction
readings (some sport values are shown) in general and supported by obvious visual signs
of wear such as fibre shortening and loss (adapted from [16])
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performance limits in the standards for soccer had

changed [9] and to an extent so had the surface

product designs to meet newer more stringent crite-

ria. This data represents a unique study in the

literature but it is unfortunately limited due to non-

inclusion of other possibly influential data (which

was not collected) such as temperature and mois-

ture state of the surfaces at the time of testing.

Furthermore, for the standard FIFA testing six posi-

tions are selected from specific sub-areas of a pitch

and clearly more test positions would be beneficial

to substantiate the extent of changes as would relo-

cating on the same test position for each revisit.

The degradation mechanism(s) of artificial turf

wear and the effectiveness of maintenance practice

are currently poorly understood and under-

researched.

3 SPORT SURFACES AND INJURY RISK

The subject of injury risk is broad and very com-

plex, particularly if the full range of risk factors is

considered and a full review of the details of the

many epidemiological studies in team sports – even

with the specific focus here on sport surfaces.

However, this section is offered as a brief overview

of some pertinent studies and findings that are con-

sidered useful to inform the debate on surface

design and testing in relation to aspects of player

performance and injury risk.

There have been many major studies on injury

incidence, some in reports by government-related

bodies such as the European Union (EU), that have

analysed the data acquired from the EU injury data-

base for example. In a 2007 EU report [22] soccer

was stated as responsible for most injuries compris-

ing 36 per cent of the 2 500 000 sport-related injuries

reported, and hockey sixth comprising 5 per cent. A

study in Australia reported that soccer was respon-

sible for 8 per cent of the total injuries recorded,

and rugby and hockey were found to be responsible

for 8 and 3 per cent, respectively [23]. An added

complexity for reviewing past injury studies is that

the classification and categorization of injuries and

injury types are not comparable between studies

reported from around the world. In response to

this, a consensus statement was developed in 2006

[24] on injury definitions and data collection pro-

cedures for studies in soccer, and subsequently

for rugby union in 2007 [25]. The definition of

injury therein includes any physical complaint sus-

tained by a player that results from a match or

training, and the analysis and reporting method

promotes the expression of injuries per 1000 hours

of exposure (typically) – leading to a much better

determination of risk and risk management strate-

gies. This specific development in harmonizing data

collection has been pivotal and underpinned the

recent work of FIFA and the IRB in their research

into injury risk of artificial turf in comparison to

natural turf. Two studies [26, 27] concluded that

injuries on natural and artificial turf, for both gen-

ders, was more than seven times higher in a match

situation than during a training situation based on

the incidence per 1000 playing hours. During the

FIFA 2002 and 2006 World Cups the injury inci-

dence [28, 29] in the matches was recorded as

extremely high at 81 and 69 per 1000 playing hours,

and was compared to a maximum of 28 per 1000

hours in other comparable studies. The increase

was attributed to the high value and high intensity

of these tournaments, and also relatively short rest

periods between matches.

However, against the context of these findings of

a relatively high risk of injury at the elite level of

professional soccer the question of what changes in

injury statistics or patterns is less clear for the sur-

face as a factor, or as a consequence of change in

surface from natural to artificial, or from training

on artificial and playing on natural, or from varying

properties across pitches. There has been concern

of a perceived higher risk of injuries on artificial turf

in comparison to natural turf for many years, and

to some extent this still exists in contemporary

media coverage. However, some relatively recent

robust injury studies have concluded that there is

no difference in risk between natural and artificial

surfaces in soccer [30]. In a study by Meyers and

Barnhill [31] on American football they claimed

that natural and artificial turf gave similar risk for

injuries, but that there were significant differences

between the types the injuries. Fuller et al. [27]

looked at the risk factors and showed that player-

to-player contact was the highest cause of a risk of

injury. Although studies by FIFA have shown very

similar statistics regarding in-game activities

(passes, tackles, etc.), an increased risk of sliding

burns on artificial turf was highlighted in a study by

Ekstrand et al. [30]. FIFA have since added a simu-

lated ‘skin abrasion’ mechanical test requirement to

their suite of tests [9] for a product to pass and

acquire a FIFA star rating.

However, there remains a lack of detail in nearly

all injury studies regarding the properties of the sur-

faces utilized and very little research to date into

natural turf behaviour and injury risk. In a study by

Orchard et al. [32] on the risk of anterior cruciate

ligament (ACL) injuries in Australian rules football

(AFL), they showed differences in injury risk for
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different species of natural grass (the species is usu-

ally chosen to suit the specific growing related cli-

mate of the region). Similarly, it is suggested here,

that might not differences in pile length and tufting

density combined with the type and amount of

infill that is used across the range of artificial turf

systems be considered to have similar possibilities

for affecting the risk of injury to users on artificial

turf surfaces? However, previous injury studies have

not provided real detail on the surface systems

encountered in the studies.

In addition to the better injury study design and

reporting overcoming issues of comparing injury

datasets, clearly there have also been major changes

in many sports relating to the physical conditioning

of the athletes, the footwear used, and to an extent

the rules or the nature of the game. The evolution of

surfaces and their behaviour is another extrinsic

factor and is complex.

To date it is not yet clear what affect a change of

surface can have on the nature of the athlete–

surface interaction, and hence loading on the body,

and hence injuries that can be directly attributed to

the user’s interaction with the surface. One recently

reported study has highlighted some problems and

limitations of using objective (simple) mechanical

tests within an epidemiological study seeking to

determine the effect of the surface state [33]. In this

work by Twomey and colleagues in Australia,

detailed ground testing was carried out at the natu-

ral turf venues of 41 AFL games, and tests included

measures of hardness and peak rotational traction.

Of the 130 injuries recorded 12 were considered as

likely to be related to ground conditions, and 29

possibly related. However, for those injury events

classed as ‘likely’, the mechanical measurements

showed no unacceptably hard (or strong) ground,

and six of these 12 injuries were on grounds with

very low traction data – as opposed to the usual

hypothesis of high traction creating greater risk.

In general, the injuries observed in this study

occurred on surfaces that were assessed to be in

the ‘acceptable’ range for both hardness and

traction. Larger prospective studies such as this are

very rare in the research literature and from

findings such as these the merits of including the

current range of industry standard portable

mechanical tests can be questioned, specifically as

to whether they are in fact the right tests to use in

relation to injury risk studies. It is apparent that

these industry tests currently used to ‘certificate’

pitches to International Governing Body (IGB)

standards may not be suited to injury studies if

they do not simulate athlete movement and load-

ing (see section 4).

In addition to damage to muscle and bone,

a more recently identified concern for human

health issues is that of chemical ‘contamination’

produced from the materials used in the manufac-

ture and construction of artificial turf and also bio-

logical contamination from bacteria that may grow

more prevalently in the conducive environment of

an artificial pitch. Recycled rubber infill (from tyres)

has in some countries been under intense scrutiny

and been restricted in its use, though the increasing

volume of recent related literature suggests a very

low risk to human heath from contact or inhalation.

Staphylococcus aureus bacteria (SAB) is a pathogenic

bacterium, termed MRSA [34] for strains resistant

to methicillin-type antibiotics, and although harm-

less and prevalent on human skin can access the

internal body through cuts and grazes and cause

infections that generally take longer to treat and

can be severe if untreated. In a recent study

a survey of 20 infilled synthetic turf fields, along

with two natural turfgrass fields, was conducted

[35] to determine microbial population and pres-

ence of SAB. SAB colonies were not found to be

present on any field; however, SAB colonies were

found on other tested surfaces such as balls and

other accessory equipment. It was concluded in this

study that concerns that infilled synthetic turf har-

bours and provides a breeding ground for SAB is

unfounded and unwarranted. However, in addition

to this one notable study there are many discussion

items and magazine articles in the media, particu-

larly in the USA, relating to both an increase in

MRSA in athletes (not necessarily focused on sport

surfaces, skin-to-skin contact is a high risk factor).

Furthermore, it appears maintenance companies

are offering services to regularly treat sport fields

with disinfectants to reduce the perceived risk of

infection.

It can be concluded that sport surfaces remain

a likely and plausible risk factor in sports injury

aetiology, albeit perhaps one amongst many other

confounding factors, and are perceived as a risk

factor by users – especially in the UK for profes-

sional soccer players for example [36] on natural

turf. The user perception of risk relating to the sur-

face they play on is an interesting issue, although

little researched it appears. The latest artificial sur-

face products are still relatively new, and older pro-

fessional players and coaches within the sport of

soccer in particular remember the poor quality first

generation products that were trialled in the UK in

the 1980s and were soon deemed unplayable and

banned at the professional level. It is the author’s

opinion, based on experience, that many users and

coaches lack detailed knowledge of the artificial turf
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systems they play or train on and have had little or

no education regarding footwear selection. Clearly,

there is also uncertainty as to how to best measure

the parameters that describe surface performance

in a way that is most relevant to the user regarding

their performance and safety and this is discussed

in the next section.

4 MEASURING SURFACE BEHAVIOUR

There exists a need to scientifically evaluate the

suitability of the specific play-performance tests,

introduced in section 2.2, that are utilized in current

practice for surface system assessment and

approval. Table 1 sets out many of the test require-

ments, grouped into player–surface interaction and

ball–surface interaction, the latter considered no

further in any detail in this paper but is clearly very

important to the surface users (see section 4.3). In

regard to player–surface interaction, the suite of

tests currently utilized are aimed at impact behav-

iour (vertical forces), and foot–surface traction–slip

behaviour (horizontal forces).

Impact behaviour and traction behaviour have

received the most attention in past research across

all sports in general, largely from researchers in bio-

mechanical and engineering disciplines. Impact

behaviour in relation to head injury has received

considerable attention for sports such as American

football and AFL, and more recently in guidance for

rugby union (see Table 1 for limits). However, space

does not permit further consideration of head

impacts in this paper. The focus of the following

sections will be on the response of the whole sur-

face system to loading of different magnitudes and

different rates of loading and the relevance and

interpretation of the available impact tests will be

discussed.

Recent research work at Loughborough [20, 37, 38]

has aimed to contribute to the knowledge base of

sport surface science, specifically with regard to

better describing artificial surface system composi-

tion to explain the behaviour under load, and much

of the work in this section is drawn from this recent

doctoral work.

4.1 Impact response

The interaction of a user with the surface in terms

of an impact can take many forms; however, the

current testing standards specify tests regarding

‘foot contact’ and ‘head contact’. The industry mea-

surement standard for (simple) foot–surface contact

is based on a portable device known as the ‘artificial

athlete’ (AA), mechanical test. The AA measures the

peak impact force from a controlled energy spring

damped impact, from which force reduction is

determined, and the device is adapted by changing

the spring (to lower stiffness) to measure the sur-

face’s vertical deformation under impact (see Table

1 for limits). Figure 3 shows the AA, in picture and

schematic form. The AA test has remained the

‘gold’ standard test across many sports, and was

originally devised for athletic track testing to repre-

sent the heel impact of a heel–toe running action

and measure cushioning behaviour of a surface as

shown in Fig. 4, in simple form. The AA load cell

measures the peak impact force (the mechanism

involves a 20 kg weight dropped 55 mm onto

a sprung bearing plate of 70 mm diameter) and

compares this peak value to a reference force repre-

senting a rigid surface, and from this determines

the ‘force reduction’ value (in per cent) for the sur-

face under test. Three repeat drops are normally

done at each test location. Recent technological

developments have introduced the advanced AA

which uses an accelerometer (instead of the load

cell used in the AA), and by manipulation of the

impact data also reports both a peak surface defor-

mation and the ‘energy restitution’ for each impact

– currently a draft European standard. The energy

restitution of a surface is currently a topic of inter-

esting debate on whether the surface recovery is

a factor in player fatigue and how best to measure

it. Figure 5 shows a graph of force reduction for two

hockey short-pile carpets, with a range of thickness

of shockpad beneath, and demonstrates the large

range of force reduction measurement that can be

achieved, and in comparison to the limits set out in

the FIH requirements (also see Table 1).

Research into human–surface interaction loading

has demonstrated that the athlete adapts to the sur-

face at, or soon after, first contact on a change of

surface properties [39, 40] by changing leg stiffness

through flexion/extension. This observation of

human behaviour on surfaces leads to the question

as to whether a fixed energy impact device, that

produces very different peak reaction forces on the

range of different surfaces, is the best method to

represent the real human interaction condition.

However, the AA force reduction scale is useful to

rank ‘hardness’ across a range of surfaces. When

one considers the effect of the (vertical) impact

force applied to the materials under test and their

likely response, particularly those strain hardening

(see Fig. 6) elastomeric materials such as rubber

particulate and foams (used widely in sport surfac-

ing products), the stiffness response is clearly

dependent on the initial state and also the load
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path length (i.e. applied load magnitude). As a con-

sequence, there is a need to carefully set the

mechanical test load magnitude (and contact area)

to produce the most appropriate material response

in relation to the expected response under an ath-

lete’s loading. Furthermore, the hysteresis behaviour

of the materials under test, i.e. energy loss through

deformation, is a function of the strain levels

induced and hence the load/area magnitudes

applied. As a result, the application of inappropriate

loads in mechanical testing will lead to incorrect

material responses for deformation and strain,

energy loss, and energy return in relation to what

may be expected for the human loading. The multi-

layer (and thin layer) construction of most modern

sport surface systems leads to further exacerbation

of these challenges of interpreting impact test data,

as the impact response will depend on the stress and

strain distribution in possibly all of the layers. The

shockpad beneath the carpet, in long pile filled (3G)

systems for example, has been show to have a very

large affect on force reduction measurements [20].

Fig. 3 Impact test apparatus. Left is the AA, showing the 10 kg drop mass and the test foot visible
beneath the frame, the schematic drawing shows the impact mechanism. Right is the
2.25 kg Clegg hammer (not to scale) showing the guide tube and readout – the overlaid
drawing shows the drop mass connected to the handle

Fig. 4 Comparison of the relative impact loading
from a human runner and two mechanical
impact testers, the AA and Clegg hammer (see
also Fig. 3)
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In response to the need for low-cost more porta-

ble impact testing of surfaces the Clegg hammer

(see Fig. 3 – shown with the AA device) has been

evaluated and has shown promise for routine mea-

surements. It has demonstrated, in general, good

correlations with the AA on sport surfaces. Figure 7

shows two relatively large datasets on a range of

pitch systems, one from extensive field testing and

with around 100 test positions across a range of five

different UK short-pile Nylon (elite level) hockey

pitches, with integral and/or in situ shockpads

beneath [20], the other from extensive laboratory

evaluation of impact behaviour of a long-pile

rubber infilled (3G) soccer surface [38]. The two

fitted curves show a perhaps surprisingly good simi-

larity in the correlation and overlapping force

reduction range. In contrast the sand-based system,

medium-pile length of approximately 22 mm,

infilled with sand and with a shockpad beneath,

shows very little correlation between the impact

test devices [20]. This is thought to be due to the

more rapid rate of loading imparted by the Clegg

hammer causing greater inertia reaction effects in

the sand-based system and it was also observed

that the sand surface was more disturbed and dis-

placed by the Clegg hammer impact than the AA

impact. In addition, it was also noted during

Fig. 5 Mean force reduction measured by the AA on 12 samples of shockpad/carpet system set
on a concrete floor in the laboratory. Loughborough University Carpet (LUC) = 11 mm
Nylon carpet with a 3 mm integral shockpad and Belle Vue Carpet (BVC) = 11 mm Nylon
carpet with 6 mm integral shockpad, shown with increasing thickness of a separate shock-
pad (SP) system beneath (whiskers show one standard deviation, and the horizontal lines
show the 40 and 65 per cent limits for FIH ‘Global’ level approval). Reproduced from [20]

Fig. 6 Material behaviour under load, showing ideal-
ized behaviour, elastic and plastic, and ‘real’
behaviour (hardening/softening) expected for
rubber and soil. The two stress path vectors
(arrows) attempt to show the variation in
rubber stiffness response (non-linearity)
expected for the same stress tensor but differ-
ent initial conditions, whereby when already
under some compression/load there is
expected a higher stiffness response
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fieldwork that large changes in ambient tempera-

ture affected the coefficients of correlation between

the Clegg and AA for the rubber infilled surfaces,

suggesting that estimating an AA force reduction

value directly from conversion of the Clegg hammer

measurement is inadvisable despite the general cor-

relations presented here. The Clegg hammer is,

however, suggested as a useful tool for site monitor-

ing of hardness (e.g. see [18] regarding mainte-

nance). If a surface system becomes progressively

harder (or softer perhaps but this trend is consid-

ered less likely on artificial turf) then the Clegg

data, easily collected, could be used to trigger

a more detailed inspection, a specific maintenance

(e.g. decompaction) process and/or an independent

sport surface test specialist to visit and advise.

It should be noted that field testing for compli-

ance is not routinely carried out on all artificial turf

pitches installed (in the UK), nor on natural turf,

due to costs primarily and a lack of regulation (in

the UK and in many countries it is believed) that

enforces regular testing for performance or safety

aspects, especially for lower level competition and

community multi-use surfaces. However, there

remains no data on how many pitches are in fact

tested.

4.2 Traction behaviour

Players in soccer and rugby use specific footwear

with studs to penetrate and interlock with the play-

ing surface, and by so doing generate ‘traction’

forces. This ability to generate traction between

a player’s footwear and a sporting surface is a cru-

cial factor influencing the player’s movement and

performance. The traction force produced contri-

butes to the locomotion of an athlete and their abil-

ity to accelerate or decelerate, and to change

direction, or in the case rugby help generate scrum-

mage forces between the teams. The level of trac-

tion produced at the shoe–surface interface

reportedly has the potential to contribute to or

cause injury (see section 3) whereby too low a trac-

tion resistance force will result in slipping, whilst

excessive traction resistance will cause foot ‘stick-

ing’ to occur [9].

Many authors have investigated the traction

properties of sports footwear, and have evaluated

a combination of a variety of shoe types and surface

types, concluding that the traction generated at the

shoe–surface interface is generally explicit for each

shoe–surface combination [41–46]. There has been

little attempt in this literature, however, to try and

explain and understand the outcomes of the testing,

or to develop a model for traction to understand

and explain the mechanism of interaction and the

relationship between the somewhat complex

number of variables involved at the shoe–surface

interface. Many of these previous studies, to their

detriment, have included very limited information

detailing the surfaces used in their trials and specif-

ically their constituents and properties which limits

any further interpretation of these datasets. There

are, in general, very few papers with high-quality
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proximity compared to the sand-based (more plastic) system
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quantitative research data with a focus on surface

properties and traction behaviour, particularly for

artificial turf surfaces. This gap in knowledge is per-

haps somewhat surprising in light of the increasing

use of artificial turf pitches used in elite-level sport.

However, there has been a recent research investi-

gation [47] aimed specifically at further addressing

the missing link between shoe–surface interface

measurements and the consequent effects on the

ACL regarding injury susceptibility. This study uti-

lized clinical measurement of strains and moments

in ligaments from foot–shoe–surface interaction

tests on cadavers.

A small number of recent studies have shed some

light on the relatively complex process of player–

surface interaction and the extent to which changes

in the surface system can affect the measured trac-

tion (from using mechanical test methods not

human subjects). For example, Villwock et al. [44]

concluded that the infill type, fibre type, and shoe

cleat design all affected the peak torque resistance.

They also showed that the combination of shorter

cleats and looser fill produced lower rotational trac-

tion (peak) values. Additionally, fill size and shape

had some influence, as did fill to fibre interaction,

on their measured values. Their tests were carried

out on outdoor samples, approximately a year old,

but the reported work lacked details of the stud

penetration, infill depth, and did not discuss their

thoughts on the mechanism of traction. In addition,

in their work the cryogenic rubber infill (frozen

during the cutting phase) produced higher traction

than the crumbed rubber (often termed styrene

butadiene rubber (SBR)) cut under ambient condi-

tions. This was in contrast to the findings of traction

focused work by Alacantara et al. [12] wherein it

was reported that the standard crumbed rubber

infill gave higher traction than cryogenic rubber

infill. The inconsistency between test protocols and

analysis may be the cause of such contradictory

findings.

Severn [38] carried out a comprehensive pro-

gramme of laboratory tests to evaluate the effects

on traction measurements of changes in the physi-

cal characteristics of the surface system (i.e. carpet

type, fibre length, density, infill type, size, depth

and density, temperature, and wet/dry conditions).

Space does not permit a full review of this recent

doctoral study; however, Table 2 shows the range of

factors that were expected to affect the traction

behaviour of the surface system from a thorough

review of previously published literature. Although

some of these factors may be considered to be

‘fixed’ by the initial constructed state of the surface,

it is clear that the wear and tear during the surface

life, and the maintenance regime applied, are

expected to affect the consistency of many of these

factors during the years the pitch is in use.

This research [38] compared the measurement

methods and values derived from different traction

test techniques, whilst controlling the surface state,

and in particular aimed to evaluate the current

FIFA (and IRB) standard rotational traction test.

The industry standard test for rotational traction

[9] comprises a rigid disc with six equally spaced

studs attached to the underside, weighted to

achieve a total mass of 46 kg (460 N normal force).

The studs used are a standard FIFA size,

13 6 0.5 mm long, and 12.6 6 0.5 mm wide. Initially,

the weighted disc is lifted and dropped on to the

test surface from a height of 60 6 5 mm to aid pene-

tration of the studs into the surface. Rotational

torque is then applied to the torque wrench slowly

by the operator (a rate of 12 revolutions per minute

is specified) and the maximum value of torque is

recorded (but not rotation distance).

Figure 8 shows a set of data [38] that compares

the FIFA standard test with a bespoke mechanical

device that uses a rigid last to attach the full soccer

boot under test. This figure also shows an increase

in the peak rotational traction with increasing infill

density (produced through rolling repeatedly with

a studded roller reducing the air void content in the

infill) for the tests with the soccer boot (the boot is

inclined to control contact at the forefoot only).

However, the standard FIFA test shows no clear pat-

tern for peak traction versus infill density. This

work on infill ‘state’ [38] extends previous work by

considering the effect of density and shear strength

on the resistance to the boot-stud movement

Table 2 Factors considered to influence shoe–surface traction behaviour [38]

Sports-specific movement Footwear Playing surface Environment

Mass of athlete
Loading rate
Angle of foot
Speed of athlete
Height before contact

Number of studs
Stud configuration
Size of stud
Shape of stud
Sole/stud material
Contact surface area

Physical characteristics of the carpet layer
Physical characteristics of the infill layer
Mechanical properties of the carpet layer
Mechanical properties of the infill layer
Shockpad thickness

Water
Temperature
Chemicals
Maintenance
Wear
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through the infill–carpet system. Observation in the

field of rubber crumb infill ‘compacting’ and

pitches becoming ‘harder’ is a common anecdote

from users and operators alike, after several years of

use, although it is commonly stated that effective

maintenance should delay or recover this effect

[18, 21]. In contrast to concerns over increased trac-

tion and its perceived injury risk, this recent study

[38] also demonstrated that traction may be

reduced by: loosening the infill; a lower density of

carpet fibre spacing; increasing the infill size; and

reducing the stud penetration (made possible due

to a hard/strong surface, or larger diameter studs,

or reducing the static weight of the test device in

the case of the FIFA test).

This emerging data and understanding of surface

behaviour further highlights that this aspect of sur-

face science has not received much attention in the

literature in any detail, and nor has the mechanical

behaviour of the crumbed rubber infill. However,

laboratory testing and analysis, regarding both

recycled rubber shockpad and crumbed infill [37,

38, 48], has shown the rubber particulate to be rela-

tively complex in terms of its behaviour under com-

pression, compaction, and shear loading. The

stiffness response and ultimate shear strength

behaviour of the particulate infill was shown [48] to

be controlled by the loads applied and the amount

of strain induced during testing (see Fig. 6). Solid

particulate materials, such as natural granular soils

that include the sands used in sport surfaces, show

dilatant (i.e. increase in volume) behaviour when

sheared if in a dense state and this provides a much

higher resistance to failure (and is why these

materials are compacted to provide better stability

in construction applications). However, in sharp

contrast the compressible rubber particulate

showed little dependence on the initial state, i.e.

initial density. An initially loose and dense rubber

infill achieved very similar shear strengths and

required large shear strains to produce what may be

considered a ‘peak’ value [48]. This raises the ques-

tion as to whether the rubber infill truly shears or is

perhaps merely compressed and distorted when

providing traction resistance (depending on the

strain generated by the foot/boot movement it is

suggested).

It is suggested that to further develop the science

of artificial turf interactions the rubber infill material

behaviour needs to be much more clearly under-

stood. Infill specification is sufficiently ‘loose’ such

that infill size, particle shape, and dust content may

vary and the effect of these variations is not known.

In addition, the rubber materials are expected to age

and the stiffness behaviour to change. To interpret

the whole surface system behaviour the infill interac-

tion with the carpet fibres and with the shockpad is

also required for the detailed analysis of traction test

results. To further explore the infill behaviour, Fig. 9

shows the stiffness response of a rotational traction

test on an artificial and a natural surface system [49].

This figure shows the greater compression response

of the rubber infill compared to the ‘stiffer’ response

of the natural turf soil system, albeit the ‘peak’ resis-

tance at large rotation angle is similar (note 0.8

rad = 46�).

Based on the previous discussions and system

behaviour data it becomes clearer that mechanical
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test methods, aiming to provide player performance

or safety-related data on surface system behaviour,

ideally need to be ‘biofidelic’ (i.e. mimic the athlete

loading scenario) in their methodology or they risk

being invalid with regard to their interpretation.

However, currently the effective measurement of

traction and fuller explanation of surface system

behaviour in providing traction is somewhat

clouded by the many differing test devices used in

research around the world that have differing input

parameters or test protocols. These variations

include: magnitude of normal load applied; area of

contact; use of a rigid or flexible foot last to affix

a shoe; rate of loading (rotational or translational)

applied; use of ‘peak’ resistance or interpretation at

some nominal amount of displacement; and many

other issues relating to the surface sample prepara-

tion, and its full description, used in the testing.

With regard to the analysis of traction behaviour or

limits, an informed debate is required regarding the

issue of what deformation is deemed appropriate to

measure, or what the ‘peak’ traction represents

(translational or rotational) when it may be from

several tens of millimetres of displacement.

Observations of player foot–surface contact have

shown, in the case of a forefoot push off action [50],

to comprise only a small horizontal movement (of

approximately 10 mm) once the standing/leading

foot has been planted, for example.

A real limitation of the mechanical test devices

currently in use is their application of a constant

static normal load during testing, contrary to an

athlete’s foot contact. It is the combination of verti-

cal load and friction/traction response that devel-

ops the surface’s resistance to traction movement.

It is suggested that replicating ‘peak’ athlete normal

load or some average normal load is dismissing the

prospect that foot slippage or ‘locking’ may occur

where the ratios of vertical to horizontal are at their

lowest or highest respectively. Figure 10 shows the

force plate data from a player executing a 45� cut-

ting manoeuvre on artificial turf to illustrate

the high vertical loading, high braking horizontal

(shear) loading initially and associated torque, and

then the push off forces as the player accelerates

away from the turn. The dynamic nature of the

action is clearly evident, and the initial impact and

braking loads rapidly rise to their peak over around

50 ms duration in this case.

4.3 Optimizing surface design for performance

and safety

It appears that much of the advancement from the

industry is in response to guidelines for acceptabil-

ity from the governing bodies and includes some

research into performance and injury aimed pri-

marily at the elite/professional markets for sport

competition. Some of the guidance has filtered

down to the community level and has improved the

general advice, guidance, and specifications for

community-level selection and aftercare for artifi-

cial turf surfaces, in the author’s opinion. However,

there remain many issues that have not yet been

researched regarding user health and safety at the

community level. The effect of lower budgets in

community schemes on the surface product

selected and installation quality in comparison to

elite-level facilities have, anecdotally, been the

cause of many installed facilities rapidly degenerat-

ing or being utilized long past their design life.

Many public funding initiatives, in the UK, have

focused on widening participation and no national

database has been developed that includes any

monitoring of the ‘quality’ of facility provision.

However, the Active Places database [13] has

improved public knowledge of the number and

location of sport surface assets. There would be

a benefit from feedback on the surface systems that

are in use regarding their performance – currently

missing from the UK’s management procedures of

its public facilities in general.

Fig. 9 Interpretation of rotational traction, showing
the rotational stiffness behaviour for test on
artificial turf and natural turf (reproduced
from [49]). The data shows an increase in the
initial shear stiffness during rotational traction
testing of the soil (solid) particles, in compari-
son to the more compressible rubber particles,
although they appear to reach approximately
the same ‘peak’ resistance at maximum rota-
tion angle
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Player feedback has been a powerful tool in the

growth of the newer generation of artificial turfs for

soccer and rugby, coupled with better health moni-

toring (at elite level only) to demonstrate injury

occurrence and risks that are shown to be compara-

ble to natural turf (see section 3). However, one study

[51] showed that in regard to ball bounce in hockey

the players were generally more satisfied with having

a harder surface to promote lower ball bounce than

with regard to any soreness they may have felt on

their ankles and knees after matches. It also became

apparent from studying the hockey pitches used in

the Commonwealth Games – designed at the ‘very

hard’ end of the surfaces monitored (force reduction

of between 40 and 45 per cent, see Table 1) – that

after the event the local children of middle-school age

were also regularly using the facility. It is the author’s

opinion that National Governing Body (NGBs) and

IGBs have a duty to consider their guidance in

instances such as this, whereby despite the pitches

passing the elite-level hardness test they may not be

suited to developing schoolchildren. It is suggested

a move to more rational classification of surfaces,

such as ‘hard’, ‘medium hardness’, or ‘soft’ within the

acceptable range may be more useful to owners and

users. However, such a labelling system may be

potentially contentious in practice and difficult to

introduce to the industry at large. Improved user edu-

cation regarding products and requirements (such as

footwear) is, however, considered to be needed.

There exist shortcomings, recognized in many

studies, in the efficacy of many surface performance-

related tests in comparison to how players (and

balls) interact with a surface. However, there is also

clearly a need for devices used in the laboratory and

field that achieve a suitable compromise between

the complexities of human–surface interaction and

the test method’s ease of use, repeatability, and

robustness. Whilst there has been some debate on

this subject [10, 52] by researchers, few studies have

attempted to critically appraise the validity of current

standard test methods in light of user feedback on

a surface. A player perception study on hockey fields

[20, 51] appears relatively unique in that it correlated

several performance-related mechanical surface tests

(such as the AA, rotational traction, ball roll and ball

bounce) with the player feedback across six (differ-

ent) elite-level hockey surfaces in use in the UK,

selected based on initial player interview feedback

on pitch properties. At each pitch a suite of

performance-related tests were done to the FIH stan-

dards, though notably there was no rotational trac-

tion test in the FIH standard at that time and

a modified FIFA traction test was carried out with

a dimpled hockey boot sole in place of the standard

six stud configuration. Figures 11 and 12 present the

correlations for rotational traction and force reduc-

tion and show a broad range of results for the

mechanical tests and the player perception feedback.

The rotational traction data showed quite large stan-

dard deviations (shown on the figures) and of inter-

est was that the higher traction measured was for

the Nylon fibre carpet systems, and the lower trac-

tion for the polyethylene carpet systems as expected

from the softer yarn. An exception was at the

Cannock site where the Nylon pitch (since replaced)
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was suffering from an algae problem and also some

carpet fibre damage, both visually easy to ascertain,

which did lead to lower traction results. The force

reduction data correlated well with the thickness of

shockpad at each site, the thinnest design at

Cannock and Belle Vue and a thicker design at

Loughborough and Highfields (Nottingham). These

data suggest that these two relatively simple devices

Fig. 11 A graph showing the relationship between the player perception of surface underfoot
grip and the mechanical measurement of rotational traction (reproduced from [20])

Fig. 12 A graph showing the relationship between the player perception of surface hardness and
the mechanical measurement of force reduction (reproduced from [20])
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did differentiate between surface systems that the

players also differentiated between. In contrast,

although not shown here very poor correlation was

found between the simple vertical ball bounce test

and users’ feedback. More studies similar to this

would help both further corroborate these findings

and assess other performance-related tests, or for

other sports, in regard to their applicability to what

the users perceive.

5 DISCUSSION – THE DEVELOPMENT AND
FUTURE FOR ‘SPORT SURFACE SCIENCE’

This paper has presented a broad overview of syn-

thetic turf classification and evaluation within the

context of current sport governing body require-

ments. There have been many advances in recent

years in terms of surface products and fibre technol-

ogy in particular. 3G infilled surfaces, better suited to

rugby and soccer, have become prolific since the

1990s. However, surface systems that need little or

no infill, and for the fibres to retain durability and

resilience throughout the operating life, is still a goal

as is multi-use surfaces that satisfy all sports. In

addition, maintenance technology and practice has

improved, with many treatment processes aimed at

prolonging the playable life of these costly leisure

assets. The applicability of artificial surfaces to

a wider range of sport-specific requirements has

been achieved, with a somewhat iterative process

between product development and sport governing

body requirements. Sports governing bodies have

advanced their own knowledge, in general, such that

guidance has been improved, and also new tests

have been developed and implemented aimed spe-

cifically at improved player experience (e.g. for skin

friction and angled ball bounce in soccer). The

soccer and rugby communities have embraced artifi-

cial turf for training and at nearly all levels of compe-

tition. The future seems to be that this amenity will

increase and that artificial turf will become an

important income-generating asset at many amateur

and professional club venues. However, that is not to

say that natural turf will lose its place or relevance at

many high-profile sporting venues, nor in many

community amenity plans. The large initial capital

cost of an artificial turf pitch is still a significant bar-

rier to many clubs and communities.

In response to the growing interest in, and uptake

of, artificial turf there will inevitably be further tech-

nological developments that may need careful

acceptance and approval within governing body pol-

icies and with appropriate safeguards for end users.

Recent examples of health scares have been touched

upon in this paper such as the release of toxins from

recycled rubber and the persistence of MRSA-infect-

ing bacteria in artificial turf, and thus far increased

health risks are unsubstantiated it appears. The

increasing demand and relative high cost of these

specialist sport surface products is already leading to

a more and more confusing array of available pro-

ducts on the market – some of which may be inferior

in quality. For many clients the safeguard against

sub-standard products and work should be by

appointing qualified consultants, ensuring compli-

ance testing is followed up periodically, and that

proper maintenance regimes are in place. It is the

author’s opinion these are all areas requiring further

improvement in the UK practice, and probably else-

where in the world, for this niche industry.

The impact of climate change and the sustainabil-

ity agenda can provide both momentum and some

barriers to artificial turf. The momentum will come

from increasing pressure to reduce water usage in

parks and leisure amenities such as for natural turf

sports facilities [53]. The difficulty of growing and

maintaining grass in parts of Australia has already

recently had the effect of a sudden interest and

move to artificial turf in community football [3]. The

barriers may come in the form of issues regarding

recycling and reuse of artificial turf products, cur-

rently in the UK they are land-filled at the end of

their useful life in general. The ‘carbon footprint’ of

sports amenities, including the raw construction

materials, manufacturing, and maintenance pro-

cesses, is under increasing scrutiny as clients and

funders look to show their ‘green’ credentials (see

[54] for a study on golf courses).

Notwithstanding the social and economic aspects

of sport surfaces and their appropriate provision for

an increasingly health-conscious society, there

remain many scientific questions that will keep

researchers busy for some time to come. Research

into the science of surface behaviour and user and

ball interactions has lagged behind many other

aspects of advancing athletic performance and

enhancements to the design and engineering of

equipment, providing an ‘edge’ to the athlete in

competition. It is also argued that without multidis-

ciplinary approaches to understanding the player–

surface interaction in particular, and without

suitable research funding, many important ques-

tions will remain unanswered. For the industry, to

fully optimize the design of sport surfaces and

enhance the user experience many aspects of their

behaviour and durability need to be more fully

understood and implemented into their design,

construction, and aftercare. These broad research

aims require many complementary experimental
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programmes of research work, for a number of

years, comprising teams of research engineers and

material scientists, and the integration of suitable

elements of epidemiology and biomechanics to

measure (understand) the (likely) effects on users

(and balls).

It is the author’s opinion that what is required to

move the research domain forward for example

with the further development of mechanical tests,

is more ‘in-game’ loading measurements from

players/athletes during their interaction with sur-

faces to develop a useful ‘state of the art’ (live) data-

base. This would then enable the enhanced

development or modification of test devices that

can more closely recreate these loading conditions

and also contribute to more reliable testing proce-

dures wherein the players themselves are used as

the test devices. In addition, and concurrently,

a separate strand of research is required that moves

the science forward in both measuring and model-

ling surface behaviour under load and its ‘ageing’

process(es). Studies that measure the response of

the system, at a suitable level of detail for each of

the respective component’s behaviour is required

for the development and validation of numerical

modelling of sport surface systems. From the devel-

opment of suitable models will come the more

powerful predictive tool for determining the likely

effects of material and/or system design changes,

and the prediction of the likely loading effects

on the user for performance and their safety.

Epidemiological studies are required, perhaps con-

currently, to better understand the importance of

the surface properties, and changes in properties,

on traumatic and chronic (overuse)-related injuries

that can arise in the users, at all levels of ability and

performance. However, a major challenge for injury

studies is the proper measurement of surface prop-

erties that are relevant to injury as such tests are

currently missing from the portfolio of mechanical

tests available.

It is also the author’s opinion that the sport

governing bodies need to play a larger part in driv-

ing forward the research programmes required,

focused on either performance or safety or both, in

accordance with their duty to their members and

sport participants in general – ideally in partnership

with government health departments and the

public funding bodies for sport. Without the sport

governing bodies/funders taking some leadership

and helping set and drive (and fund) the research

agenda the current situation of isolated pockets of

good research will remain largely perpetuated and

the benefits of larger integrated studies will not be

realized.
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Original Article

The Contribution of Artificial Turf
to Global Warming
Leslie M. Golden

Abstract

This article discusses how the substitution of artificial grass for natural grass contributes to global warming. An
algebraic model of the atmospheric transmittance in the infrared wavelengths from 0 to 15 microns is used to
modulate the Planck law, yielding both the energy absorbed by the atmosphere and that transmitted through
the atmosphere as a function of the ground temperature. The calculation shows that the energy absorbed by
the atmosphere increases more rapidly than the amount transmitted through the atmosphere with increasing
ground temperature. In situ experiments demonstrate that artificial grass reaches significantly greater tempera-
tures than those reached by natural grass under the same meteorological conditions. As a result, artificial grass
creates an additional amount of energy absorbed by the atmosphere. With the number of nationwide artificial
grass installations, a typical result yields an additional energy deposited into the atmosphere during moderately
warm summer days of 10 to 20 gigawatts. The annual nationwide cost savings to local governments by the sub-
stitution of artificial grass for natural grass is shown to be trivial.

Keywords: artificial grass; atmospheric transmittance; climate change; global warming; greenhouse effect; infrared window

Introduction

Background

In this paper we distinguish “artificial
turf,” the term used in the industry,
from “artificial grass.” The latter re-
fers to the actual visible green plastic
blades, which attain high temper-
atures under sunlit conditions,
whereas the former includes infill
and matting material. We prefer the
term “artificial grass” and use it
throughout as that which is not only
visible but also relevant, as the radi-
ating material, to the contribution to
global warming.

Artificial grass was initially intro-
duced for use in professional indoor
athletic stadiums. Outdoor profes-
sional athletic stadiums, park dis-

tricts, and school districts followed
this lead and adopted artificial grass
fields for athletic purposes. As areas
in the southwest of the United States
suffer from drought conditions, a
large market has developed for use of
artificial grass for landscaping.

The manufacture of artificial grass
requires plastics and heavy metals,
which after a short lifetime are dis-
posed, presenting environmental
hazards. Decrying the use of plastics
in general given their environmental
dangers yet replacing natural grass
with artificial, plastic, grass is in-
consistent policy. Only by educating
the public of the environmental
consequences of installing artificial
grass can this worrisome trend be
mitigated or indeed terminated.

To document one aspect of this
hazard, an algebraic model of the
transmittance of radiation in the
range of infrared wavelengths from
0 to 600l was created to determine
the amount of energy flux both
transmitted through the atmosphere
and absorbed by the atmosphere as
a function of the ground tempera-
ture. In situ studies have found a
significant difference between the
enhanced temperatures of artificial
grass compared to natural grass un-
der the same meteorological condi-
tions. These data were used to help
calculate the additional amount of
energy radiated from the artificial
grass and absorbed by the atmo-
sphere compared to natural grass as a
function of the ground temperature.
A hypothetical case in which the
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atmosphere absorbs a greater
amount of radiation was also com-
puted. Estimates show that the na-
tionwide cost savings to local
governments for the replacement of
natural grass with artificial grass are
relatively small. In addition, in con-
trast to the monochromatic trans-
mittance utilized in the analysis, the
total transmittance in the range of
infrared wavelengths from 0 to 600l
as a function of temperature for ac-
tual radiating blackbodies was de-
termined to be about 26 percent.

Because artificial grass contributes to
global warming in the United States,
local, state, and federal policies need
to be involved in efforts to reduce
or ban their use. The rapid increase
in the number of artificial turf fields
being installed in Europe and the
Asia-Pacific region warrants inter-
national attention. To mitigate the
problem education about the nega-
tive effects and true costs of artificial
grass will be important in changing
behaviors of local officials on elected
boards of local park districts and
school districts as well as state and
federal officials, all of whom could
opt to retain natural grass. A numer-
ical national rating system for arti-
ficial grass products based on life
expectancy, chemical composition,
and thermal behavior would help
officials make more rational policy
decisions regarding the use of artifi-
cial grass.

Environmental Problems
with Artificial Grass Include Its
Contribution to Global Warming

Various criticisms of using artificial
grass include direct damage to the
environment when natural grass
and its inhabitants—insects as well
as burrowing creatures such as
worms—are killed; loss of the rain-
water-absorbing quality of natural
grass; loss of food source for birds;

and negation of the oxygen-
producing function of natural grass
(Kaminski, 2019; Peeples, 2017). To
make room for the artificial grass,
the existing soil is cleared from the
installation site and discarded into a
landfill (Guerriero, 2021). Rainwater
does not penetrate as rapidly through
artificial grass as it does through
natural grass, resulting in decreased
water entering watersheds and in-
creased localized flooding (Peeples,
2017). Because natural materials
such as grass absorb carbon dioxide
during photosynthesis, replacing
themwith artificial grass also directly
contributes to the increase of carbon
dioxide (a primary greenhouse gas)
in the atmosphere. The plastic and
infill material of artificial grass does
not provide either greenhouse gas
capture or air-purifying services
(Peeples, 2017).

Artificial grass can get hot, creating
health problems for those walking
or running on it (Guerriero, 2021;
Peeples, 2017; G. Pulley, personal
communication, January 28, 2020;
Williams & Pulley, 2002). The ele-
vated temperatures also increase the
rate at which toxic gases such as
benzothiozole and toluene are
released from the artificial grass
(Peeples, 2017).

Noting that not only does artificial
grass have no climate benefit but also
that production of the plastic blades
emits carbon and uses fossil fuels, the
UK Committee on Climate Change
has recommended removing artifi-
cial grass fields and replanting nat-
ural grass, as well as planting trees,
to help battle global warming
(Kaminski, 2019). The common
practice of replacing soil with sand
to provide a more stable bed for
the artificial grass also releases car-
bon dioxide stored in the Earth
(Kaminski, 2019).

During the lifetime of artificial grass,
the plastic blades are fractured,
and those fragments become part of
the environment. The toxic chemi-
cals used as colorants (Action, 2013)
create disposal problems for artifi-
cial grass when it has reached the end
of its useful life. It is generally rec-
ognized that the elevated tempera-
tures reached by artificial grass may
contribute to global warming (Pee-
ples, 2017). This article provides the
first mathematical analysis of the
severity of the problem. The analysis
shows that a direct global warming
results from radiation of additional
energy flux into the atmosphere from
the manufacture and installation of
artificial grass. To those concerned
about the health of the planet, this is
worthy of discussion.

The replacement of natural grass by
artificial grass leads to a decrease in
the number of trees in urban forests,
with severe environmental effects,
including enhanced global warming.
Trees, which are able to grow on nat-
ural grass, not only are natural
refrigerators of their proximate en-
vironment by shading but also dur-
ing photosynthesis absorb carbon
dioxide, a significant greenhouse gas
responsible for amajor portion of the
terrestrial greenhouse effect (Bor-
delon, n.d.). Trees purify the air by
removing sulfur dioxide (SO2), ozone
(O3), nitrous oxide (N2O), and
smoke particulates, in particular
those generated by diesel engines
(Bordelon, Urban Forestry Net-
work). Along with water vapor,
methane (CH4), chlorofluorocarbon-
12 (CCl2F2), and hydrofluorocarbon-
23 (CHF3), three of these substances
filtered out of the air by trees, namely
carbon dioxide, ozone, and nitrous
oxide, are primary greenhouse gases
(2007, NASA/Goddard Space Flight
Center Conceptual Image Lab;
Center for Climate and Energy
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Solutions). They also provide food
and habitat for insects, birds, and
mammals. Trees do not grow in the
plastic of artificial grass. Indeed, re-
placement of natural grass areas by
artificial grass often entails destruc-
tion of trees, including entire stands
of old growth trees.

This discussion considers how
infrared radiation is transmitted
through and absorbed by the atmo-
sphere, which requires mathemati-
cal integration of the product of the
Planck blackbody radiation law (see
Appendix) with the transmittance
of the atmosphere for radiating sub-
stances of varying temperatures. The
radiating substances, in this case
natural grass and artificial grass, are
characterized by their thermophy-
sical parameters. Analysis of these
parameters, in particular the reflec-
tance, specific heat capacity, and
thermal conductivity, shows that
artificial grass both absorbs more
insolation energy from the sun and
retains it to a greater extent than
natural grass, leading to its elevated
temperatures. In situ measurements
by various groups confirm the extent
of this excessive heating.

The model calculations (see Appen-
dix) show that on a typical warm
summer day, the energy flux ab-
sorbed by the atmosphere from ar-
tificial grass installations in the
United States alone exceeds that ab-
sorbed from an equal area of natural
grass by an amount equivalent to that
of 10 to 20 moderately-sized nuclear
power plants. This contribution to
global warming continues to increase
as an additional 1,200 to 1,500 sites
replace natural grass with artificial
grass annually in the United States
(Lundstrom and Wolfe, 2019;
Woodall, 2019). In addition, a fright-
ening trend has appeared in which
homeowners discard their natural

grass and install artificial grass to
eliminate the need for lawn mainte-
nance, conserve water, and to dem-
onstrate to their family, neighbors,
and friends that they are, ironically,
“green.” This trend is particularly
popular in areas of the southwest
United States that are experiencing
drought conditions.

The Thermal Properties
of Artificial Grass

The thermophysics of artificial grass
compared to natural grass indicates
that the former will provide a relative
source of heating. This is confirmed
by independent in situ studies.

The relevant thermophysical param-
eters are the emissivity, the reflec-
tance, the thermal conductivity, and
the specific heat capacity. The emis-
sivity of green natural grass and
plastics are about the same. The for-
mer range from 0.95 for dry grass
to 0.99 for green grass, with some
dependence on season, whereas the
emissivity for plastics generally is
about 0.95. Natural grass is marginally
able to radiate more efficiently. A ma-
jor distinction resides with the reflec-
tive properties of artificial grass
compared to that of natural grass.
From about 0.7l to about 1.3l, the
reflectance of natural grass is about
0.60. Although it decreases at greater
wavelengths, it remains greater than
that of green artificial grass, which is
about 0.06 out to 2.4l (Devitt et. al.,
2007). The remainder of the insolation
incident on artificial grass is absorbed.

Without an abundance of conduct-
ing free electrons, the thermal con-
ductivity of both water and plastics
is low. The thermal conductivity
of water, the major constituent of
natural grass, 70%, is 0.58 W/m-K,
whereas the thermal conductivity
of polyethylene and polypropylene,
the olefin fibers out of which artificial
grass is manufactured, ranges from

0.09 W/m-K to about 0.50 W/m-K,
with many of their composites being
in the 0.20 to 0.25W/m-K range. The
energy absorbed by the blades of
artificial grass is relatively less effi-
ciently conducted to its subsurface
material. That subsurface material,
similarly, made of plastics, is also a
poor thermal conductor. In contrast,
soil can be a relatively good con-
ductor, with a thermal conductivity,
depending on organic content, from
0.15W/m-K to about 2W/m-K, and,
if saturated, from 0.6 W/m-K to
about 4 W/m-K, for a total range of
0.15 to about 4 W/m-K.

Water has by far the highest specific
heat capacity of any common sub-
stance, 4186 J/kg-K. Those of poly-
ethylene and polypropylene range
between 1700 and 1900 J/kg-K. This
means that a large amount of ther-
mal energy absorbed by natural
grass can heat its water without the
water temperature greatly increas-
ing. Viewed alternatively, a given
amount of thermal energy will cause
a mass of polyethylene or polypro-
pylene to increase its temperature
by more than twice the temperature
rise of an equal mass of water. In
total, Devitt et. al. (2007) found that
more than 90% of the insolation
heats the blades of the artificial grass
with a resultant radiation into the
atmosphere and less than 10% is
conducted below the artificial grass
material and into the soil.

Natural grass possesses another
mechanism to remove heat, the evap-
orative cooling that results from tran-
spiration and nighttime guttation, the
expulsion of droplets of water. Neither
mechanism is available to plastics.

Although the emissivity of natural
grass is slightly greater than that of
artificial grass, taken together con-
sideration of the thermophysical
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parameters indicates that under the
same meteorological conditions arti-
ficial grass will attain higher temper-
atures than natural grass and largely
retain those higher temperatures, in
addition to the lack of transpiration
and guttation. Because its temperature
can rise significantly higher than nat-
ural grass, artificial grass radiatesmore
energy flux into the atmosphere than
natural grass. This leads to enhanced
absorption of energy by the atmo-
sphere in the range of wavelengths
near the infrared window.

The actual contribution to heating
of the atmosphere depends on the
extent to which the temperature of
artificial grass rises. The implications
of these considerations of the ther-
mophysics that greater temperatu-
res are achieved by artificial grass
compared to natural grass under
the same meteorological conditions
have been confirmed experimentally
by several groups. They found com-
parable quantitative results.

Devitt et. al. (2007) measured the
temperature of artificial grass in sea-
sons of moderate temperatures. They
found that the maximum surface
temperature of the artificial grass

was approximately 38 K higher than
that of natural grass and 34 K higher
than the air temperature. The maxi-
mum artificial grass temperature re-
corded was 349 K (76o C), reached
during the hottest summer months.
Williams and Pulley (2002) perfor-
med similar measurements and had
comparable results. They found that
the grand mean temperature for ar-
tificial grass was 320 K (47°C), with
a maximum mean in one hourly
period of 343 K (70o C). The corre-
sponding temperatures for natural
grass were 22 K and 38 K lower, the
latter figure agreeing with the finding
of Devitt et. al. (2007). The highest
temperature recorded for the surface
of artificial grass was 367 K (94o C).
McNitt and Petrunak (2016) mea-
sured a maximum surface tempera-
ture for artificial grass surfaces of
345 K (72o C), which was 41 K greater
than the air temperature, while Bus-
kirk et. al. (1971) found that the sur-
face temperatures of artificial grass
could exceed that of natural grass by
temperatures from 35 K to 60 K, re-
cording a maximum temperature for
artificial grass of 333 K (60o C).

From these studies, one can reason-
ably and conservatively suggest that

artificial grass can attain tempera-
tures 30 K above that of natural grass
in the same environment. Particular
differences depend on the artificial
grass product, namely, its material
and construction, location, season,
and time of day. These maximum
surface temperatures suggested
model calculations up to 370 K.
Thermophysics and the lack of wa-
ter to provide evaporative cooling
can explain the phenomenon. In
short, after being heated by sun-
light, the temperature of artificial
grass rises more quickly than that
of natural grass, and that elevated
temperature is maintained.

Results and Discussion

Numerical and Graphical Results

Details of the calculation of energy
flux absorbed in the atmosphere from
artificial grass compared to natural
grass are provided in the Appendix.
We report the results here.

Due to partial opacity in the infrared
wavelengths, a portion of the energy
radiated from surfaces of given tem-
peratures is absorbed in the atmo-
sphere. Table 1 shows the radiation

Table 1. The Energy Flux Emitted by Blackbodies at Temperatures from 275 K to 370 Ka

T (K) FBB (watts/m2) Ftr (watts/m
2) Fabs (watts/m2) T (K) FBB (watts/m2) Ftr (watts/m2) Fabs (watts/m

2)

275 323.8 75.1 248.8 325 631.7 170.7 461.1

280 348.0 82.4 265.6 330 671.5 183.2 488.3

285 373.6 90.2 283.4 335 713.1 196.3 516.8

290 400.5 98.5 302.0 340 756.7 210.1 546.6

295 428.8 107.2 321.6 345 802.2 224.4 577.8

300 458.6 116.5 342.2 350 849.7 239.4 610.3

305 490.0 126.2 363.8 355 899.3 255.1 644.2

310 522.9 136.5 386.4 360 951.0 271.5 679.6

315 557.5 147.3 410.1 365 1005.0 288.5 716.5

320 593.7 158.7 435.0 370 1061.2 306.3 754.9

aBased on the findings of Buskirk et. al. (1971), Devitt et. al. (2007), McNitt and Petrunak (2016), and Williams and Pulley (2002) for the highest temperatures
attained by artificial grass, the calculations extend to 370 K.
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emitted by blackbodies in the wave-
length interval 0 to 600 l at tem-
peratures from 275 K to 370 K. This
radiation is only partially transmitted
through the atmosphere. The differ-
ences between the energy flux ab-
sorbed and transmitted, as given in
Table 1, are presented in Table 2. The
curves shown in Figure 1 were cre-
ated by drawing smooth lines
through the results of the calcula-
tions at 5 K intervals of equation
(5), equation (6), equation (7), and
equation (8) (see Appendix), as
provided by the data in Table 1 and
Table 2. In Table 2, the second and
fifth columns provide the results for
the current abundance of greenhouse
gases in the atmosphere. The third
and sixth columns present the results
if the transmission through the at-
mosphere were decreased by 50 per-
cent, to be discussed below.

The behavior of the absorbed and
transmitted radiation results from
two effects. First, as the temperature
increases, the amount of blackbody
radiation increases. The behavior,

however, results from the nature
of the transmittance function (see
Figure 5 and Figure 6). Figure 4 shows
that the absorbed radiation increases
with temperature more rapidly than
does the transmitted radiation, that
which escapes through the atmo-
sphere. These differences between the
amounts of radiation absorbed and
transmitted as a function of temper-
ature, are indicated by drawing
smooth lines through the results pre-
sented in Table 2.

The Magnitude of the Effect

Consider a day in which the tem-
perature reaches only a moderately
warm 81o F, that is, 300 K. From
Figure 2 (see Appendix), if the arti-
ficial grass reaches a temperature
35 K higher than the natural grass,
then the amount of energy flux ab-
sorbed by the atmosphere is about
175 watts/m2 greater than would be
absorbed from the radiation from
natural grass. At the temperature of
300K, then, a playingfieldmeasuring
100 x 100 meters deposits into the
atmosphere of about 1.75 megawatts

more (calculated as: 175 watts/m2 �
104 m25 1.75) by absorption in the
wavelength interval 0 to 600 l than
the same size natural grass field. This
is the order of magnitude of the
power-generating capacity of a solar
photovoltaic power plant. Based on
the estimated 13,000 artificial grass
surfaces in the United States, these
artificial grass surfaces deposit 2.3 �
1010 watts more energy flux than that
generated by natural grass, equiva-
lent to 23 moderately-sized nuclear
power plants. Although this figure is
small compared with the total energy
budget of the atmosphere, it remains
significant as an additional source of
global warming. (Chestney & Januta,
2021).

Because of difference in sizes of in-
stalled artificial grass playing fields,
variation in materials used by man-
ufacturers, and climate variations
seasonally, daily, and across the
country, these figures should be
considered only as an order of mag-
nitude estimate. To compensate for
cloud cover, a conservative estimate
of nationwide additional power out-
put from artificial grass is about the
equivalent of ten such power plants.

The problem does not result from the
magnitude of the energy deposited
by absorption of the radiation emit-
ted by artificial grass, but rather that
these emissions are another source
of global warming. Adding such
another source is folly. Although
governments try to fight global
warming by reducing the magnitude
of its various sources, every addi-
tional amount of energy deposited
into the atmosphere must be bal-
anced by some process to remove
energy. None, though, exist.

We note that even at the current rate
of installation of artificial grass play-
ing fields, the acreage in the fore-
seeable future is much less than the

Table 2. The Difference in the Energy Flux Absorbed by the Atmosphere
and Transmitted through the Atmosphere as a Function of the Temperature
of the Radiating Blackbody

T (K)
DF Current
(watts/m2)

DF Projected
(watts/m2) T (K)

DF Current
(watts/m2)

DF Projected
(watts/m2)

275 173.7 248.8 325 290.4 461.1

280 183.2 265.6 330 305.1 488.3

285 193.2 283.4 335 320.5 516.8

290 203.6 302.0 340 336.6 546.6

295 214.4 321.6 345 353.3 577.8

300 225.7 342.2 350 370.8 610.3

305 237.5 363.8 355 389.1 644.2

310 249.9 386.4 360 408.1 679.6

315 262.8 410.1 365 428.0 716.5

320 276.3 435.0 370 448.7 754.9

Note: These results are presented graphically in Figure 3. The results in columns 2 and 5 are derived
from the data presented in Table 1 and are presented in graphical form in Figure 1.
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acreage of other heat-generating
surfaces in urban heat islands such as
concrete, asphalt, and roofing mate-
rial. Although in situ studies show
that concrete and asphalt in fact at-

tain temperatures significantly lower
than that attained by artificial grass
under the same daytime tempera-
tures (Devitt et. al.), because of such
differences in areal coverage the

contribution of the latter surfaces to
direct heating of the atmosphere
thereby far exceeds that of artificial
grass playing fields. In addition, as
noted, the direct contribution of ur-
ban heat islands to global warming is
much less than the indirect cause of
greenhouse gases. The concern lies in
the installation of environmentally-
harmful artificial grass being
optional.

Conjectures: Feedback Loops
and the Future Atmosphere
of the Earth

The calculations presented in the
foregoing were performed using the
transmittance as defined in Table 3,
the current transparency in the in-
frared region near the infrared
window of the atmosphere. As ad-
ditional greenhouse gases are de-
posited into the atmosphere, global
warming results from a decrease in
this transparency of the atmo-
sphere and an associated increase in
absorption.

As evidenced in Figure 5 (see Ap-
pendix), the effects are most promi-
nent with water vapor and carbon
dioxide. As the atmosphere warms, it
creates a feedback loop, leading to
additional deposits of water vapor.
As the temperature rises, more water
vapor enters the atmosphere through
evaporation. The warmer atmo-
sphere can retain the H2O in the
water vapor phase. The H2O lines get
deeper because of its increased
abundance, and wider, because of
increased thermal broadening with
the increased temperature, further
enhancing the ability of theH2O lines
to absorb. The equivalent width of
the lines thereby increases. As more
CO2 enters the warmer atmosphere
because of human-made emissions
its absorption lines also get deeper
and broader. These deeper and wider
absorption lines of H2O and CO2

Figure 1. Energy radiated from surfaces of given temperatures based on approximately the
abundance of greenhouse gases that exist today. The results of the calculation depicted in Figure
6 (see Appendix) falls on these curves at 300 K, with the result for the energy absorbed at 300 K as
noted in Table 1 being 342.2 watts/m2.

Figure 2. The difference in absorbed energy flux created by artificial grass and natural grass. The
difference inenergy flux is shown for valuesofDT from20K to50Kasa functionof the temperatureof the
natural grass. This result leads to the conclusion that artificial grass contributes to global warming.
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mean more radiation is being ab-
sorbed by the atmosphere and the
atmosphere increases in warmth. A
feedback occurs.

Changes in the atmosphere can be
codified by decreasing the values
defining the current transmittance
shown in Table 3. This will result in
changes in Figure 1 and Figure 2. The
energy flux transmitted through the
atmosphere from 0 to 600 l will de-
crease and the energy flux absorbed
will increase, leading to a net increase
in the energy flux absorbed.

To show the effect of increasing
abundances of water and carbon di-
oxide in the atmosphere, modifica-
tions to the model were made. The
transparency was decreased arbi-
trarily by 50 percent in each of the
wavelength segments of the trans-
mission function defined in Table 3.
This change decreases the amount of
radiation transmitted through the
atmosphere by 50 percent, and be-
cause the radiation emitted by the
blackbody remains the same, in-
creases the amount of radiation ab-

sorbed by the atmosphere by the
same numerical amount by which
the radiation transmitted was de-
creased. The results are shown in
Figure 3.

Figure 4 compares the difference
between the energy flux absorbed by
the atmosphere and that transmitted
through the atmosphere as a function
of temperature for the two cases.
The results on which these curves
are based are calculated from
equation (8) (see Appendix) and
presented in Table 2. Although the
results shown Figure 3 are hypo-
thetical, they are reminders of what
we might be doing to the Earth and
the need to prevent increased global
warming in both its direct and in-
direct modes.

Comparison of Strategies to Reduce
the Effects on Global Warming

The total surface area of fields con-
verted to artificial grass is orders of
magnitude less than that of reflective
surfaces such as asphalt roads, au-
tomobile roofs, building rooftops,
and the like. These, however, are

relatively permanent features of our
civilization, whereas the trend to
convert natural grass surfaces to ar-
tificial grass can bemitigated and can
have an immediate effect. Asphalt
roads and parking lots in urban heat
islands will be with us as long as we
have automobiles. Advances in en-
gineering design of asphalt and use
of reflective colors to decrease the
absorption of sunlight by roads and
buildings promise to reduce the heat
contribution from new construction
in urban heat islands. Actual con-
version of a significant portion of
existing infrastructure, however, is
financially untenable for municipal
governments and private developers.

The indirect contribution of green-
house gases won’t, even under opti-
mistic models, be mitigated for
decades if not centuries or millennia
(Chestney & Januta, 2021), if ever.
Knowledge of the effect of replacing
artificial grass with natural grass
contrast, can lead to a reduction in
such actions within only a few years,
including replanting of natural grass
when the first generation of artifi-
cial grass fieldsmust be replaced. The
contribution of artificial grass can
be reduced or eliminated in the time
cycle of the expected life of artificial
grass, within a generation. Although
the contribution of artificial grass
is small compared to the contribu-
tion of urban heat islands, and the
contribution of urban heat islands
is small compared to that of green-
house greenhouse gas emissions,
every contribution to global warming
is significant (Chestney & Januta,
2021).

Replacing artificial grass with natural
grass would not require diverting sig-
nificant funds from those earmarked
for reducing the major contributions
to global warming, the anthropomor-
phic creation of greenhouse gases. The

Table 3. The Algebraic Expressions Fit to the Transmittance Function Model
(see Figure 5, bottom graph)

Wavelength Range (microns) Factor

l � 0.1 and l � 1.2 0.62

l � 1.5 and l � 1.9 0.76

l � 2.0 and l � 2.5 0.79

l5 3.0 or l5 3.1 0.28

l > 3.1 and l < 3.5 0.42

l � 3.5 and l � 4.1 0.90

l � 4.5 and l � 5.4 (385.02 70.0 l)/100

l � 7.7 and l < 8.4 (2 745.01 98.0 l)/100

l � 8.4 and l < 10.8 0.78

l � 10.8 and l < 13.4 (224.02 13.5 l)/100

l � 13.4 and l � 13.9 (787.52 56.3 l)/100

Note: The transmittance equals 0, indicating 100 percent opacity, except as noted. The factors define
the atmospheric transmittance function in the infrared, T(k).
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major cost would be disposal of the
existing artificial grass fields. The cost
of removal and disposal into a landfill
is approximately $65 per ton (Woo-
dall, 2019). The material weighs about
0.5 lb/ft2, or 5.4 lb/m2. The total weight
of a 100-square meter playing field
then would be about 54,000 lb, with a
disposal price tag of about $1,800. This
cost could be borne by local school
districts and park districts; it would not
funnel money away from the federal
government, energy supplier research
programs working to reduce green-
house gas emissions, or automobile
manufacturers.

Decrying the use of plastics in
general for their environmental
dangers yet replacing natural grass
with artificial, plastic grass is in-
consistent policy. Only by educat-
ing the public of the environmental
consequences of artificial grass and
changing government policy can this
worrisome trend be mitigated or in-
deed terminated.

The Trivial Cost Savings
with Artificial Grass

The rationale for government offi-
cials to rip up natural grass and its
insect inhabitants (Kaminski, 2019)
and install artificial grass resides in
reducing maintenance costs and the
cost of watering, as well as the need to
conserve water in the increasingly
drought-stricken western and south-
western states. Outdoor sports sta-
diumsmay be open year-round in the
southern and western states but only
six months long in the northern and
eastern states. Thus, nine months can
be used as a representative average to
estimate cost savings. An estimate of
maintenance for natural gas includes
the cost of water at $10 per thousand
gallons and a weekly watering that
uses 1,000 gallons. This estimate does
not factor in rain, the cost of com-
mercial mowing (which averages $50
per each mowing of natural grass), or
the once-per-year aeration and fer-
tilization costs. Using these generous

numbers, maintenance is about
$2,200 annually per field. Based on
the total of about 13,000 artificial
grass playing surfaces in the United
States, the annual nationwide cost
savings based on maintenance and
water usage can be estimated as:

Annual Savings

¼1:3� 104fields

� $60=(week-field)� 36 weeks

¼ $28‚000‚000 ‚

which is likely an overestimate. This
cost is trivial compared to the poten-
tial economic, social, and demo-
graphic costs of global warming,
to which the replacement of natural
grass by artificial grass contributes.
This realization by local governments
could deter them from such expensive
action (Golden, 2013). Although a
more robust analysis would follow,
after Loss et al. (2014), the multipli-
cativeMonteCarlo analysis presented
by Golden (2021), in which distribu-
tions of both the sizes of artificial grass
fields and their thermal behavior
could be analyzed to produce a more
precise value for the energy flux de-
posited by artificial grass fields above
that generated by natural grass fields
nationwide, the relatively small con-
tribution to global warming does not
justify such an additional analysis.

McNitt and Petrunak (2016) in their
discussion of the higher tempera-
tures reached by artificial grass note
that “some organizations have in-
stalled irrigation systems to reduce
the heat” and that “irrigation of these
fields dramatically reduce (sic) the
surface temperature,” but their test-
ing showed that “a dramatic reduc-
tion in temperature is short term.”
Williams and Pulley (2002) found the
same short-term effect for irrigation
on reducing the temperature. Some
manufacturers of artificial grass actu-
ally recommend spraying water on
artificial grass to wash off dog feces

Figure 3. The portion of the energy radiated from surfaces at given temperatures that would be
absorbed if the transmission of energy flux through the atmospherewere decreasedby 50 percent.
Toavoidclutter on thegraph, thedifferencebetween theenergy fluxabsorbedand that transmitted
is not displayed.
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and other contaminants and to reduce
the elevated temperatures that cause
artificial grass to release toxic chemi-
cals, such as benzothiazole and tolu-
ene, that are released from some
artificial fields (Peeples, 2017). Ir-
onically, the cost and water-saving
benefits claimed by these organiza-
tions are attributable largely from not
sprinkling water on natural grass.

Final Thoughts

Those concerned with climate
change routinely ignore the result of
replacing natural grass with artificial
grass as part of the urban heat island.
Although this is understandable, its
contribution being much smaller
than the contribution of greenhouse

gases created by fossil fuels, that
plastic and infill material must also
be considered in the context of its life
cycle and, in the more general sense,
the environmental impact of all
products that we produce, use, and
discard. This article highlights the
need for critical involvement in our
choices for what we use and con-
sume, from the individual home-
owner to levels of government. That
involvement must include not only
the immediate effects of our actions
but also the effects of the life cycle of a
product, from its manufacture to its
disposal. Only then can we attain a
state of sustainability.

As an example of this need for critical
involvement, we recognize the attrac-

tiveness of replacing natural grass by
artificial grass in drought-stricken
areas, such as the American south-
west, and the consequent saving of
water used for irrigation of the nat-
ural grass. For such landscaping, use
of the traditional rock gardens, nat-
ural low-water-use flora such as
cactuses and succulents, and drought-
resistant grasses, the most drought-
resistant being buffalo grass, can
greatly reduce the water consumption
and should be considered. Indeed,
such flora have adapted to high tem-
perature climates and can be expected
to survive under all but unimaginably
extreme global warming.

We have only one Earth. It is our
responsibility, for ourselves, our fu-
ture generations, and indeed for all
the flora and fauna that inhabit the
Earth that we attain that state of
sustainability.
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Appendix

Absorption of Terrestrial
Blackbody Radiation
by the Atmosphere

The intensity of energy radiated
per second from a unit area of
an idealized object at temperature
T in a wavelength interval Dk cen-
tered at k into a unit solid angle
is given by Planck’s blackbody radi-
ation law,

Bk(T)¼ 2hc2

k5

� �
1

ehc=kkT 2 1
‚ (1)

where h is Planck’s constant,
h5 6.63 � 102 34 joules-s, c is the
speed of light in a vacuum, c5 3.0 �
108 m/s, and k is Boltzmann’s
constant, k5 1.38� 10 2 23 joules/K.
The Stefan-Boltzmann law provides
the energy radiated per second per
unit area over all wavelengths, re-
ferred to as the radiative energy flux,
F(T), or simply the energy flux,

F(T)¼ rT4 (2)

where the Stefan-Boltzmann con-
stant r5 5.67037 � 102 8 watts/
m2-K4 and T is the temperature in

Kelvin. Our quoting r to six signif-
icant figures is explained below.
Wien’s displacement law provides
the wavelength at which the amount
of radiation is maximum for a
blackbody of temperature T,

kmax ¼ 0:00290
T

m2K ‚ (3)

where T is in K.

Planck’s law, equation (1), provides
the intensity of radiation which is
radiated per unit solid angle. The
radiation, assumed isotropic, which
is emitted into 2p solid angles
vertically, in the outward direc-
tion, and is therefore relevant here
is the monochromatic radiative
(or radiant) energy flux, or simply
the radiative (or radiant) energy flux,
viz.

B0
k(T)¼ pBk(T) (4)

Henceforth, we will forego the ad-
ditional notation of B0

k(k), and will
use Bk(T) to refer to the observable,
the monochromatic radiative energy
flux or, more simply, the radiative
nature being understood, the mono-
chromatic energy flux.

Modeling the Region
near the Infrared Window

The top graph in Figure 5 shows the
transmittance in the atmosphere of
infrared wavelengths 0 through 15l.
The atmosphere is largely opaque to
infrared radiation, resulting in the
heat radiation being absorbed. A
small region of the infrared portion
of the spectrum, between 7.7 and
14l wavelength, is partially trans-
parent, the so-called infrared win-
dow. From about 14 to beyond
1,000l, or 1mm, the atmosphere is
essentially 100 percent opaque. In the
bottom graph in Figure 5 the graphi-
cal representation of an algebraic
model, T(k), is superimposed for the
transmittance function, the details of
which are provided in Table 3.

Radiation Transmission
and Absorption

The energy flux radiated outward in a
wavelength interval of interest, k1 to
k2, by a blackbody at temperatureT is
obtained by a simple integration:

FBB(T)¼
Z k2

k1

Bk(T)dk ‚ (5)

(Appendix continues /)
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where Bk(T) is the monochromatic
radiative energy flux as defined by
equation (4). To determine the
amount of the energy radiated in the
0 to 600 l region that is transmitted
through the atmosphere, the product
of the transmittance function and the
Planck law are numerically inte-
grated, as follows:

Ftr(T)¼
Z k2

k1

T(k)Bk(T)dk (6)

That radiation not transmitted is
absorbed by the atmosphere. The
amount of radiation over these
wavelengths that is absorbed, Fabs(T),
is then, using equation (6),

Fabs(T)¼ FBB(T)2 Ftr(T)

¼
Z k2

k1

[12T(k)]Bk(T)dk

(7)

The difference in the amount ab-
sorbed and transmitted in this in-
frared wavelength region is:

DF(T)¼ Fabs(T)2 Ftr(T) (8)

and the ratio of the energy flux trans-
mitted through the atmosphere to the
energy radiated by the blackbody is:

R(T)¼ Ftr(T)
FBB(T)

(9)

Radiation emitted in directions
other than the vertical will pass
through greater path lengths before
leaving the atmosphere and will
therefore be more greatly absorbed.
All absorbed radiation, not simply that
traveling in a vertical, outward, di-
rection, will heat the atmosphere. As a
result, the numerical results presented
here are underestimates of the amount
of radiation that is absorbed.

We integrate from 0 to 600l, in the
far infrared, including all but the
long wavelength tail of the blackbody

curve. An interval of Dl5 102 7 m,
corresponding to 0.1l, is used in
the numerical procedure, with the
transmittance function T(k) evalu-
ated at the center of the intervals. The
first interval, for example, from 0 to
0.1 l, corresponding to 1 � 102 7 m,
is in this way evaluated at 0.05 l.
The calculation is performed at 5 K
intervals for temperatures from 275
K to 370 K, corresponding to 2 oC
to 97 oC, which includes the range
of temperatures that artificial grass
surfaces will attain on a sunlit sum-
mer day. This can be up to 40 K
greater than the ambient temperature.

To estimate the error in the numer-
ical integration, the result for the
total radiation emitted by the black-

body, rT4, equation (2), is compared
to the result of the integration for a
blackbody at the same temperature.
Using the value of r to six significant
figures, errors of only 0.14 percent
were found to be a result of this nu-
merical technique.

Figure 6 shows the situation de-
scribed in equation (6) in graphical
form for a blackbody at the temper-
ature of 300 K, about 81o F, a typical
temperature for a warm summer day.
Although much of the transmission
of radiation occurs in the infrared
window between wavelengths of 7.7
and 14l, the peak for a blackbody at
higher temperatures will migrate as
given by equation (3) (see Appendix)
to smaller wavelengths, placing it in

Figure 5. The graph on the top shows the percent of radiation transmitted through the atmo-
sphere. The graph on the bottom shows the numerical model, T(k), the transmittance function
based on calculations by the author. Adapted from U. S. Naval Academy, usna.edu.

(Appendix continues /)
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themiddle of the 5.5 to 7.5l interval of
zero transmittance. As a result, in-
creasingly larger amounts of energy
will be absorbed fromobjects radiating
at increasingly higher temperatures.

Determination of the best fit model

To determine the equation which
best fits the results for the absorption
of energy as a function of tempera-
ture in the range of wavelengths from
0 to 600 l, provided in the fourth and
eighth columns of Table 2 it is rea-
sonable based on physical consider-
ations to assume a form

Fabs Tð Þ¼ a1 e
a2TrT4 ‚ (10)

where r is the Stefan-Boltzmann
constant and a1 has the units of watts/
m2. Using the results presented in the
fourth and eighth columns of Table 2,
shown as the curve labeled “ab-
sorbed” in Figure 1, we find the best
fit to the absorption results is given by

a1 ¼ 0:891

a2 ¼ 2 6:424� 102 4 K 2 1

with a standard error of estimate,
defined below, of 2.1 watts/m2 based
on two degrees of freedom resulting

from the use of the two parameters.
This small standard error of estimate,
compared to the values of absorption
to which the fit is imposed, indicates
that equation (10) provides an ex-
cellent fit.

Similarly, a fit of the same form as
equation (10), viz.

Ftr Tð Þ¼ b1 e
b2TrT4 ‚ (11)

can be made to the transmitted re-
sults, presented in the second and
fifth columns of Table 2, shown as the
curve designated as “transmitted” in
Figure 1. We find the best fit to these
transmission results is given by

b1¼ 0:161

b2¼ 1:652� 102 3 K 2 1

with a standard error of estimate of
2.4 watts/m2 based on two degrees of
freedom resulting from the use of the
two parameters. As with the ab-
sorption data, this small standard
error of estimate, compared to the
values of transmission to which the
fit is imposed, indicates that the form
of equation (10) and equation (11)
provides an excellent fit.

The difference, equation (8), a mea-
sure of the energy being deposited
into the atmosphere compared to
that being transmitted, over the
range of temperatures 275 K to 370
K, is given then by

DF Tð Þ¼ a1e
a2T 2 b1 e

b2T
� �

rT4

from equation (10) and equation (11).

By equation (10), we can then cal-
culate the difference in the energy
flux absorbed by the atmosphere in
the range of wavelengths from 0 to
600microns between that radiated by
artificial grass and that radiated by
natural grass for various differences
in temperatures. If DT is the (posi-
tive) difference between the temper-
ature reached by artificial grass
compared to that reached by natural
grass under the same meteorological
conditions, then we can use equation
(10) to calculate the increase in
the energy flux absorbed by the at-
mosphere in the infrared from 0 to
600 l as

DFabs Tð Þ¼ a1e
a2 T þDTð Þr(T þDT)4

2 a1 e
a2TrT4 ‚

(12)

where T is the temperature of the
natural grass and r is the Stefan-
Boltzmann constant. Figure 5 shows
the results for a range of six values
ofDT in 5 K increments from 20 K to
50 K, which bracket the values found
by Devitt et. al. (2007), Williams
and Pulley (2001), and Buskirk et. al.
(1971). These results lead to the con-
clusion that artificial grass contrib-
utes to global warming.

The natural transmittance
of the atmosphere

With these results, we can revisit the
transmittance of the atmosphere in
the infrared. Figure 5 and Figure 6

(Appendix continues /)

Figure 6. To determine theamount of radiation that is absorbed by the atmosphere in the rangeof
infrared wavelengths of interest, first the amount that is transmitted is determined by multiplying the
Planck blackbody curve at given temperatures by the transmittance function, as modelled piece-
wise, and integrate from 0 to 600l, equation (6). Then equation (7) gives the amount absorbed. The
graph shows the scenario for a blackbody at a temperature of 300 K, about 81 oF. Here the peak of
the blackbody curve occurs at 9.7l wavelength, just long of the wide wavelength interval of zero
transmittance. Much of the energy emitted by such a blackbody is absorbed by the atmosphere.
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presented the transmittance in the
wavelengths near the infrared win-
dow as usually presented, as mono-
chromatic transmittance. This,
however, is relevant for spectral
observations of celestial objects in
infrared astronomy. Real, natural
objects radiate approximately as
blackbodies, and that is our concern
here. In that context, the meaningful
transmittance should be discussed
relative to the temperature of the
blackbody, not a particular frequency
or narrow bandpass. Figure 4 pres-
ents the ratio, R(T), of Ftr(T), the
energy flux generated by blackbodies
which is transmitted through the
atmospheric infrared window, to
FBB(T), the energy flux of the black-
body, as a function of temperature
of the blackbody, equation (9).
We can refer to this ratio as the
“natural transmittance” of the at-
mosphere. The values of the ratios
R(T), deduced from the results pre-
sented in Table 2, are, as seen, small
numbers.

Although the interval between 7.7
and 14l may be referred to as the
infrared “window,” we see that, for
natural radiating objects, the wave-
length region between 0 and 14l
cannot be described as transparent.
Despite the ordinate scale in Figure 5

being expanded to show detail, one
can state that for objects radiating at
terrestrial temperatures the natural
transmission through the portion
of the infrared from 0 to 600 m is
26– 3%.

This contrasts greatly with the
monochromatic transmittance de-
tailed in Figure 5 and Figure 6, as re-
presented algebraically in Table 3. We
see that the window has regions of
transmittance of up to 90%, between
3.5 and 4.1l, with other wavelength
regions having a transmittance above
75%. Yet, for real, natural radiating
objects, the transmittance, as a func-
tion of the blackbody temperature, is
about 26%. We see that, in fact, for
natural objects, in the wavelength
range from 0 to 600l, the atmosphere
absorbs about 74% of the energy flux.
That figure provides a reference when
considering additional direct sources
of energy flux being deposited into the
atmosphere.

Fitting a function of the form

R(T)¼ a2
b

T2 250
(13)

to the data we used to draw the
natural transmittance curve of Figure
7, deduced as said from the results
presented in Table 2, with the tem-

perature measured in Kelvin, we find
a best fit for

a¼ 0:2986 0:002

b¼ 1:9176 0:005 K‚

with a standard error of estimate of
0.0048 based on two degrees of
freedom resulting from the use of the
two parameters. This indicates an
excellent fit. That the value of a re-
sulting from the fit is similar to the
numbers provided in the ordinate
scale of Figure 7 justify choosing the
form of equation (13).

Figure 7. The ratio of the energy flux gener-
ated by a blackbody at a given temperature
which is transmitted through the atmosphere
to the energy flux of the blackbody provides a
meaningful measure of the nature of the
transmittance in the range of infrared wave-
lengths from 0 to 600 m for natural objects. We
can refer to this, in contrast to that depicted in
Figure 5 and Figure 6, as the natural trans-
mittance of the atmosphere.
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ORIGINAL ARTICLE

Artificial turf surfaces: Perception of safety, sporting feature,
satisfaction and preference of football users

PABLO BURILLO1, LEONOR GALLARDO2, JOSE LUIS FELIPE3, & ANA MARIA

GALLARDO4

1Sport Science Institute, Camilo Jose Cela University, Madrid, Spain, 2Faculty of Sport Science, University of Castilla-La

Mancha, Toledo, Spain, 3Faculty of Sport Sciences, European University of Madrid, Madrid, Spain, and 4Faculty of Health,

Physical Activity and Sport, Catholic University of San Antonio, Murcia, Spain

Abstract
The aim of this research is to understand the experience of the football sector on the use of artificial turf (satisfaction, safety,
sporting feature, or the advantages and disadvantages). The study was conducted on a random selection of 627 male
participants (404 amateur/semi-professional footballers, 101 coaches and 122 referees) that regularly train/compete on
artificial turf in Spanish football leagues. The results of the skin abrasion, muscle strain and the possibility of sustaining an
injury, on a Likert-type 10-point interval scale, gave a perception of ‘somewhat dissatisfied’ for the participants. The main
advantages of artificial turf were their sports features, the evenness of the surface and the good state of conservation.
Participants were satisfied with the artificial turf surface. Approximately three out of four participants gave an overall
ranking of highly satisfied. The players were significantly less satisfied than the coaches and referees. The overall satisfaction
with artificial turf fields was strongly influenced by previous experience, particularly those who had previously played on dirt
pitches. These results highlight the versatility of artificial turf to adapt to any circumstance or requirement for local sport
and top-level professional competitions alike.

Keywords: Artificial turf, football, perception, safety, user satisfaction, preference

Introduction

Football has experienced wide change over the last

40 years as far as playing surfaces are concerned.

Football has traditionally been played on natural

grass pitches. However, in large areas of southern

Europe, Africa and Asia, dirt pitches have often been

the surface for locations with more limited economic

resources and for lower leagues (FIFA, 2007a). In

fact, only professional clubs and wealthier suburban

areas have been able to build, and particularly

maintain, their grounds with natural turf (ESTO,

2008). In recent years, there has been a marked

introduction of artificial turf. This playing surface

can be attractive for amateur footballers of all ages

who were formerly used to dirt pitches and natural

surfaces in a poor state (Burillo, 2009).

The number of natural turf pitches has reduced

dramatically in favour of artificial turf. McNitt

(2005) forecasted a 20% increase in artificial turf

football grounds per year in the United States,

mainly because of the potential for exploitation of

this surface. Furthermore, artificial turf is considered

to be an ideal surface for the training of young

footballers (Stiles, James, Dixon, & Guisasola,

2009). However, this increase is also due to the fact

that dirt pitches are a poor ‘advertising’ for the sport,

particularly in today’s global context. In addition,

investment in natural turf fields is very expensive to

maintain for most local organisations, particularly

where there are high temperatures and low annual

rainfall (Orchard, 2002). Furthermore, their re-

stricted periods of use are not consistent with current

strategies for promoting the sport. Thus, sports
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organisations are asking themselves which type of

playing surface offers the best response to their needs

(Gallardo, Burillo, Garcı́a-Tascón, & Salinero, 2009).

It was not until 2003 that International Federation

of Association Football (FIFA) accepted artificial

turf for official competitions (Burillo, 2009). The

arrival of third-generation artificial turf (with rubber

and sand infills) in the 1990s saw the disappearance

of most of the problems attached to previous

generations, such as high stiffness, friction, degree

of skin abrasion, or distorted bounce and roll of the

ball (Ekstrand, Timpka, & Hägglund, 2006; McNitt,

2005; Steffen, Andersen, & Bahr, 2007), and was

welcomed by a large proportion of the sporting,

political and social sectors (Ekstrand et al., 2006).

At first, artificial turf received a lukewarm reception

because of the higher number of injuries when com-

pared with other surfaces, particularly natural turf

(Schmidt-Oltsen, Jörgensen, Kaalund, & Sörensen,

1991). However, the various studies carried out

comparing third-generation artificial turf with all the

other natural surfaces have redressed this imbalance

in injury numbers (Ekstrand et al., 2006; Foster,

2007; Meyers, 2010; Meyers & Barnhill, 2004;

Naunheim, Parrott, & Standeven, 2004; Steffen

et al., 2007). Since then, FIFA has acknowledged

artificial turf as an alternative, not a substitute (FIFA,

2007a). Nevertheless, the professional sector, in

general, remains unconvinced, and artificial turf is

still used in a very limited manner.

Artificial turf has also led to the spread of seven-a-

side football as an amateur sport; a great advance for

community football. The increase in the number of

users has led to a major increase in active sports

participation by the public, and various pitches are

needed to meet this demand (Gallardo et al., 2009;

Whitlock, 2008).

Several researchers have documented user satis-

faction on other football playing surfaces as com-

pared with natural turf (Andersson, Ekblom, &

Krustrup, 2008; Ford et al., 2006; Foster, 2007;

Zanetti, 2009). However, there has been limited

research done on the perception of artificial turf in

particular; for instance, the actual degree of satisfac-

tion. Understanding user satisfaction is imperative in

developing artificial turf facilities and improving the

service (Burillo, 2009). The success of sporting

organisations lies in the awareness they have of the

needs, expectations, attitudes and nature of their

potential users. Users may initially be largely influ-

enced by the appearance of the sports facility

(Zanetti, 2009). The first impression is usually

visual, and so the overall image is very important.

However, subsequent experience defines a user’s

satisfaction in the final analysis. The aim of this

research is to document the experience of the

sporting sector (i.e., football players, coaches and

referees) on the use of artificial football turf and its

sociodemographic profile (age, levels, years of ex-

perience and previous playing surface), perception of

safety, sports feature, advantages and disadvantages,

preferences regarding type of playing surface and

overall satisfaction.

Methods

Participants

The study was conducted on a random selection of

627 male subjects (mean 28.4 years; s�7.7), of

whom, 404 were amateur/semi-professional footbal-

lers (mean 26.2 years; s�6.4), 101 coaches (mean

43.1 years; s�10.8) and 122 referees (mean 24.7

years; s�5.9) from the Royal Spanish Football

Federation database. Each group was composed of

participants who regularly train and compete on

artificial turf pitches in amateur football competi-

tions in Castilla-La Mancha (Spain). The sample

size was defined with a 95% confidence level, the

standard error being 3% for the players, 5% for the

coaches and 4% for the referees.

There was a homogenous distribution of partici-

pants in terms of age, level and years of experience of

artificial turf (Table I). Previously, most of the

participants had trained/played either on dirt pitches

(66% of the total), while the rest had trained on

natural turf (34%).

None of the artificial turf pitches on which the

participants have trained or competed had been

previously certified by any federation (FIFA or the

Spanish Federation). There were a total of 79 pitches

(87% of the whole sample in Castilla-La Mancha).

The artificial turf was third generation [monofila-

ment or fibrillated fibres of 50�60 mm, with sand

and Styrene Butadiene Rubber (SBR) infills], with

an average age of 3.9 years (s�2.4). Ninety per cent

of the fields do not have shock pad. It is not known

how many of these fields are regularly maintained.

Data compilation was conducted in situ before

daily training sessions, and in the case of the referees,

at their technical meetings, during the final part of

the 2008 to 2009 season (February�April). The

participants were informed (both oral and written)

about the study and were given instructions for

filling in the questionnaire, the ethical approval

(previously reviewed by an institutional ethics panel)

and the informed consent.

Design of the study

A questionnaire was designed specifically for this

survey to study user satisfaction with artificial turf.

The following phases of research were followed in
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order to check the questionnaire’s validity and

reliability (Thomas, Nelson, & Silverman, 2005).

The first phase consisted of proposing a set of

variables (55 items) regarding perception of satisfac-

tion based on previous questionnaires and studies.

A number of factors were defined based on other

questionnaires about satisfaction with artificial turf

(Andersson et al., 2008; Ekstrand et al., 2006;

Meyers & Barnhill, 2004; UEFA, 2004).

In the second phase, content and criterion validity

was assessed by 14 experts, who were asked to select

the most important variables in the artificial turf

study. These experts are recognized in their respec-

tive fields (university lecturers, such as a Ph.D. in

Sport Management and Facilities, a Ph.D. in Bio-

mechanics, and a Ph.D. in Sport Medicine; two

sports managers; three football players; two coaches;

two referees; and two artificial turf manufacturers).

The Group Discussion technique was used to

identify the most suitable variables to explain and

determine the perception of the football sector on

the use of artificial turf. The experts presented and

discussed the factors and variables in previous

studies and changes most requested by those enga-

ging in artificial turf fields.

The result was a questionnaire adapted to the

characteristics pertaining to each group of partici-

pants: 45 items for players, 51 for coaches and 45 for

referees, with the following measures: sociodemo-

graphic profile (such as age, level, years of experi-

ences and previous playing surfaces), safety, sports

feature, advantages and disadvantages, preferences

regarding type of playing surface and overall percep-

tion of satisfaction. Almost all the items of the

questionnaires were constructed by Closed Ques-

tions. The sociodemographic factor has made by

Categorical responses. The sections of Safety (6

questions), Sports feature (14 questions for players

and referees, 17 questions for coaches), Preferences

regarding type of playing surface (4 questions) and

Overall perception of satisfaction (12 questions)

were built by Scaled items. These variables were

graduated on a Likert-type 10-point interval scale,

following the recommendations of Hill, Brierley, and

MacDougall (2003) and Thomas et al. (2005), with

a minimum value (1), which denoted ‘Extremely

Dissatisfied’ and a maximum value (10), denoting

‘Extremely Satisfied’. Finally, the section of ‘Advan-

tages and disadvantages’ was built with two Open-

Ended questions: discuss the main advantage/

disadvantage of the artificial turf surface on the

others surfaces on which you trained/competed,

such as natural turf. The responses were synthesized

and grouped into categories for interpretation

(percentage of response).

In the third phase, a pilot study was conducted on

the questionnaire, in which 23 players, 10 coaches

and 11 referees from different levels and age groups

took part. The fourth phase checked the question-

naire’s construct reliability and validity. Responses

were always examined to determine whether the

items seem clear and appropriate. No substantial

changes were mandated by the results of the pilot

study (only some changes of format and layout of the

survey). The Kaiser-Meyer-Olkin (KMO) measure

of sampling adequacy, Bartlett’s Sphericity Test and

Cronbach’s Alpha coefficient were used here. The

KMO test gave a satisfactory result of 0.724 for

players, 0.763 for coaches and 0.834 for referees, all

with a significance of pB0.01 in Bartlett’s Sphericity

Test. The questionnaires obtained excellent results

in Cronbach’s Alpha coefficient (0.888 players,

0.864 coaches and 0.846 referees, on a scale of 0

to 1), to quantify the level of reliability of the

measurement scales.

Table I. Summary of categorical variables of participants

Categorical variables Players (N,%) Coaches (N, %) Referees (N, %) Total (N, %)

Age

16�19 years 97 (24, 0) 0 (0, 0) 33 (27, 0) 130 (20, 74)

20�25 years 129 (31, 9) 15 (14, 9) 45 (36, 9) 189 (30, 14)

26�35 years 105 (26, 0) 37 (36, 6) 26 (21, 3) 168 (26, 79)

�36 years 73 (18, 1) 49 (48, 5) 18 (14, 8) 140 (22, 32)

Level

Youth sport 82 (20, 3) 54 (53, 5) 22 (18, 0) 158 (30, 60)

Regional 212 (52, 5) 39 (38, 6) 56 (45, 9) 307 (45, 67)

National 110 (27, 2) 8 (7, 9) 44 (36, 1) 162 (23, 73)

Previous experience with artificial turf

1�3 years 176 (43, 6) 42 (41, 6) 48 (39, 3) 266 (41, 50)

�3 years 228 (56, 4) 59 (58, 4) 74 (60, 7) 361 (58, 50)

Previous playing surface

Natural turf 162 (40, 1) 38 (37, 6) 28 (23, 0) 228 (33, 57)

Dirt pitches 242 (59, 9) 63 (62, 4) 94 (77, 0) 399 (66, 43)

Total 404 (100%) 101 (100%) 122 (100%) 627 (100%)

Artificial turf perceptions S439Page 195 16.



Statistical analysis

The statistical analysis was based on the subjective

form of satisfaction perception measurement, as had

been done previously in similar studies (Andersson

et al., 2008; Meyers & Barnhill, 2004; Steffen et al.,

2007; Zanetti, 2009). The SPSS 15.0 statistics

programme for Windows was employed. Various

statistical tests were applied: a descriptive variable

analysis (including mean, standard deviation, per-

centage); the Kolmogorov�Smirnov test (pB0.05),

to check normality and compare non-normal dis-

tributions; the Chi-squared (x2) statistic (pB0.05)

for contingency tables and contrast of observed and

expected values; the Kruskal�Wallis test (pB0.05)

comparing distributions applying a non-parametric

method; and the Spearman Rho correlation

(pB0.05) in non-normal distributions. A confidence

level of 95% was established.

Results

The participants gave low ratings to artificial turf

safety aspects (Table II). Skin abrasion (in sliding

tackles) (2.90, s�1.61), muscle strain (4.86,

s�1.69) and the risk of sustaining an injury (4.29,

s�1.99) gave a perception of ‘somewhat dissatisfac-

tion’ for the group. In general, players were more

dissatisfied, returning values that were lower than

those of coaches and referees.

As far as sports feature was concerned, the overall

evaluation obtained from the participants was posi-

tive. The highest-scoring aspects were the perception

of pitch markings (7.84, s�1.67), the evenness of

the surface (7.47, s�1.61) and the state of con-

servation of the pitch (7.25, s�1.79). The rest of the

variables also received satisfactory scores, particu-

larly those connected with the interaction between

the surface and the ball and movement on the pitch.

The lowest-scoring variables were playing at high

temperatures (5.10, s�1.86) and with a snow-

covered or frozen surface (5.13, s�1.87).

One particular group, the coaches were asked about

the suitability of artificial turf for youth football,

amateur regional leagues, or for top-level players. The

coaches gave a high ranking for this surface, both for

teaching football and for regional leagues.

In the comparison between groups, the players

were significantly less satisfied than the coaches and

referees when it came to safety aspects (pB0.01),

except for muscle strain, for which we only found

differences between players and referees, with a

confidence level of 95% (Table II). The players

were significantly less satisfied than the referees in all

sporting aspects (pB0.01), and less satisfied than

the coaches except for the state of conservation of

the pitch and its evenness which received similar

scores. Coaches and referees did not differ signifi-

cantly in most variables analysed, giving similar

scores, except in two safety variables (pB0.01)

(skin abrasion and possibility of sustaining an injury)

and two of sports feature (speed movements,

pB0.05, and behaviour of the ball, pB0.01). Also,

significant differences (pB0.01) were detected in the

overall satisfaction of players as against coaches and

referees.

One of the foremost aspects for the coaches was the

suspension of the activity or training session due to the

pitch conditions. Altogether, 84% of the coaches had

never had to cancel any training session because of the

condition of the artificial turf. Other coaches (16%)

have cancelled only 1�3 training sessions. Nobody has

cancelled 4 sessions or more in artificial turf.

The main advantages of artificial turf for the

football users were its sports feature (23.4% of whole

group), the evenness of the surface (20.3%) and the

good state of conservation of the pitch (13.6%)

(Table III). Advantages of artificial turf identified by

the players were its sporting feature and improved

performance (29.7%), as well as the evenness of the

surface (17.6%). Meanwhile, advantages recognised

by the coaches and referees for this surface were its

good state of conservation (24.8% and 13.9%,

respectively) and the evenness of the surface

(18.8% and 30.3%). On the other hand, all agreed

that skin abrasion, especially in sliding tackles, was

the biggest disadvantage of artificial turf, with a

mean percentage of 33.2%.

As far as perception of overall satisfaction with

artificial turf (Table II) was concerned, the partici-

pants were satisfied with the current artificial turf

surfaces which they usually use, with a mean score of

7.29 (s�1.89). Coaches and referees displayed

significantly greater satisfaction with artificial turf

than the players did. As for the preferred surface

(Table III), participants could choose between three

possibilities as favourite surface: artificial turf, nat-

ural turf, or both surfaces. Approximately 39% of

participants preferred natural turf as a training/

competition surface, while 32% preferred artificial

turf and the remaining 29% preferred both surfaces.

The ‘competition level’ was an influence factor for

the satisfaction of the football users (pB0.01 for

players and coaches; pB0.05 for referees). Gener-

ally, participants expressed a perception of overall

satisfaction with artificial turf that was significantly

lower as the playing level increased (Table IV). There

were also significant differences with regard to age

for players (pB0.01) and coaches (pB0.05). Simi-

larly, participants whose previous playing surface was

dirt pitches were significantly more satisfied than

those who had played/trained on a natural turf

surface (pB0.01 for players and referees; pB0.05

for coaches).
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Significant differences (pB0.01) were observed

with regard to the overall perception of satisfaction

with artificial turf displayed by participants and their

preference for the type of playing surface (Table IV).

Participants who chose artificial turf as their preferred

surface were very satisfied (scores of 8, 9 and 10 from

nearly 85%). Meanwhile, those who preferred natural

turf expressed a greater degree of dissatisfaction with

artificial turf, scores given were below 7.

Discussion

Safety

For a long time, artificial turf has been believed to

give rise to more sporting injuries than natural turf

(Canaway, Bell, Holmes, & Baker, 1990; Schmidt-

Oltsen et al., 1991). In spite of this, recent epide-

miological studies on third-generation artificial turf

claim that the risk of injury is no greater on this

Table II. Assessment and Kruskal�Wallis tests of safety, sporting feature and perception of satisfaction with artificial turf

Players, P Coaches, C Referees, R Whole

1�10 1�10 1�10 group

Variable �X(s) �X(s) �X(s) �X(s) Contrast K�W test Significance

Safety

Muscle strain 4.73 (1.59) 5.00 (1.46) 5.20 (2.10) 4.86 (1.69) P�C 0.5789 0.4467

P�R 4.9655 0.026*

C�R 0.8306 0.3620

Skin abrasion 2.71 (1.41) 2.75 (1.27) 3.66 (2.19) 2.90 (1.61) P�C 220.00 0.000**

P�R 16.938 0.000**

C�R 8.4115 0.003**

Possibility of sustaining an injury 3.82 (1.80) 4.42 (1.86) 5.71 (2.02) 4.29 (1.99) P�C 8.1746 0.004**

P�R 76.550 0.000**

C�R 22.603 0.000**

Sports feature

State of conservation of the pitch 7.05 (1.86) 7.56 (1.11) 7.64 (1.93) 7.25 (1.79) P�C 2.1423 0.1432

P�R 9.4021 0.002**

C�R 1.6532 0.1985

Evenness of the surface 7.32 (1.64) 7.69 (1.30) 7.75 (1.69) 7.47 (1.61) P�C 1.9242 0.1653

P�R 7.0197 0.008**

C�R 0.7983 0.3715

Speed movements 5.69 (1.98) 7.52 (1.21) 7.84 (1.48) 6.40 (2.03) P�C 75.172 0.000**

P�R 105.59 0.000**

C�R 4.9059 0.026*

Ball rebound 6.12 (1.88) 7.65 (1.31) 7.20 (1.84) 6.58 (1.77) P�C 86.29 0.000**

P�R 50.597 0.000**

C�R 4.5225 0.033*

Player running 6.34 (1.68) 7.63 (1.27) 7.54 (1.46) 6.78 (1.76) P�C 44.415 0.000**

P�R 43.64 0.000**

C�R 0.000 0.9982

Behaviour of the ball 6.37 (1.64) 8.24 (1.28) 7.66 (1.65) 6.92 (1.81) P�C 99.848 0.000**

P�R 51.886 0.000**

C�R 8.322 0.004**

Playing at flooded surface 6.41 (1.80) 7.56 (1.34) 7.25 (2.04) 6.76 (1.82) P�C 41.99 0.000**

P�R 21.99 0.000**

C�R 0.2698 0.603

Playing at snow-covered or frozen surface 4.77 (1.72) 5.83 (1.44) 5.74 (2.41) 5.13 (1.87) P�C 42.69 0.000**

P�R 22.24 0.000**

C�R 0.066 0.7971

Playing at high temperatures 4.64 (1.77) 5.80 (1.53) 6.02 (2.22) 5.10 (1.86) P�C 53.38 0.000**

P�R 45.9 0.000**

C�R 2.106 0.146

Perception of pitch markings 7.45 (1.68) 8.50 (1.35) 8.61 (1.54) 7.84 (1.67) P�C 41.513 0.000**

P�R 51.814 0.000**

C�R 1.8734 0.171

Suitability for youth competition 8.78 (1.39) 8.78 (1.39)

Suitability for regional competition 8.35 (1.32) 8.35 (1.32)

Suitability for professional competition 6.65 (1.69) 6.65 (1.69)

General satisfaction with artificial turf 7.14 (2.01) 7.61 (1.52) 7.53 (1.69) 7.29 (1.89) P�C 9.2081 0.009**

P�R 9.0902 0.009**

C�R 0.0079 0.929

*pB0.05; **pB0.01.
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surface (Steffen et al., 2007). Ekstrand et al. (2006)

state that in artificial turf, there is significantly

greater risk of ankle injury but less risk of muscle

injury. Also, other studies (Pasanen, Parkkari, Rossi,

& Kannus, 2008) show that there is an increased risk

of injury in artificial turf caused by increased friction

surface of the footwear. The type of studs and their

distribution on the sole modify the resistance to

frictional forces (Bentley, Ramanathan, Arnold,

Wang, & Abboud, 2011; Kernozek & Zimmer,

2000). By contrast, according to Steffen et al.

(2007) and Meyers (2010), the latest generation of

artificial turf is safer to play because of the lower

frequency and severity of injury. It should be clarified

that most of these studies have not specified whether

the sample of artificial turf fields (very small in some

cases) passed the quality control of international

certification services (EN or FIFA Quality Concept)

because the percentage of fields certified by FIFA

Quality Concept 2009 (1 or 2 stars) did not even

reach a trifling 1.5% of the total in Europe.

All the participants displayed a noteworthy degree

of dissatisfaction with regard to the three aspects

surveyed concerning safety, principally with regard

to skin abrasion, with an average mark of 2�3 out of

10, which shows that this aspect is very poor. Skin

abrasion was also the biggest disadvantage of artifi-

cial turf over other surfaces for most participants,

as was the case in other studies (Chivers, 2008;

Meyers & Barnhill, 2004; Zanetti, 2009), because it

may cause abrasions or friction burns. Although

third-generation artificial turf fields have consider-

ably reduced the incidents of skin abrasion in the

interaction between player and surface, the problem

has not disappeared (Steffen et al., 2007). Alcántara,

Gámez, Rosa, and Sanchı́s (2009) pointed out that

this was the main disadvantage over natural turf for

both FIFA and Union of European Football Asso-

ciations (UEFA). Skin abrasion is one of the main

aspects currently being addressed in the improve-

ment of synthetic surfaces (McNitt, 2005). Many

laboratories and companies are working on new

fibres, such as lineal low-density polyethylene

(LLDPE), to reduce skin abrasion in artificial turf

(Sandkuehler, Torres, & Allgeuer, 2010; Torres,

Sandkuehler, Garcia Muenzer, & Allgeuer, 2010).

Sporting feature

Sports feature is crucial in ultimate sporting perfor-

mance (Hughes & Franks, 2005). This being so,

sporting feature and better performance on artificial

turf are two of the main advantages cited by the

participants. The parameter of greatest satisfaction

was the visibility of pitch markings on artificial turf,

together with the evenness of the pitch and the state

of conservation (preservation). The treatment

against UVA rays has been one of the most improved

features of artificial turf fibre (Foster, 2007). This

treatment began to be applied in third-generation

artificial turf. Since the fibre’s resistance against

Table III. Summary of advantages and disadvantages of artificial turf and preference surface for users

Players Coaches Referees Whole group

N (%) N (%) N (%) N (%)

Advantages of artificial turf

Sporting practicability and improved performance 120 (29.7) 10 (9.9) 17 (13.9) 147 (23.4)

Evenness of the surface 71 (17.6) 19 (18.8) 37 (30.3) 127 (20.3)

Good state of conservation of the pitch 43 (10.6) 25 (24.8) 17 (13.9) 85 (13.6)

To spend more time on this surface 55 (13.6) 11 (10.9) 3 (2.5) 69 (11.0)

Playing at flooded surface 29 (7.2) 8 (7.9) 17 (13.9) 54 (8.6)

Lower risk of sustaining an injury 20 (5.0) 8 (7.9) 5 (4.1%) 33 (5.3)

Lower physical fatigue 18 (4.5) 0 (0) 0 (0) 18 (2.9)

Suitable for teaching football 0 (0) 11 (10.9) 0 (0) 11 (1.8)

Perception of pitch markings 0 (0) 0 (0) 6 (4.9) 6 (1.0)

Don’t know/refusal 48 (11.9) 9 (8.9) 20 (16.4) 77 (12.3)

Disadvantages of artificial turf

Skin abrasion (sliding tackles) 160 (39.6) 20 (19.8) 28 (23.0) 208 (33.2)

Playing at high temperatures 64 (15.8) 12 (11.9) 10 (8.2) 86 (13.7)

Risk of sustaining an injury 43 (10.6) 18 (17.8) 25 (20.5) 86 (13.7)

Worst sporting performance 36 (8.9) 12 (11.9) 12 (9.8) 60 (9.6)

Dangerous components (Hydrant, artificial turf joints, etc.) 20 (5.0) 5 (5.0) 11 (9.0) 36 (5.7)

Rapid deterioration 19 (4.7) 6 (5.9) 7 (5.7) 32 (5.1)

Better natural turf in good state 9 (2.2) 19 (18.8) 1 (0.8) 29 (4.6)

Don’t know/refusal 53 (13.1) 9 (8.9) 28 (23.0) 90 (14.3)

Preferences %

Artificial turf 25.5 42.6 27.0 31.72

Natural turf 41.3 29.7 46.7 39.23

Both surfaces 33.2 27.7 26.2 29.04
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Table IV. Pearson’s test of satisfaction with artificial turf pitches and Satisfaction of users based on the surface preference

Satisfaction with artificial turf pitches Players Coaches Referees
�X (s) Pearson x2 Significance �X (s) Pearson x2 Significance �X (s) Pearson x2 Significance

Age 16�19 years 7.93 (1.42) 82.861 0.000** � 28.018 0.014* 7.70 (1.53) 25.598 0.541

20�25 years 7.50 (1.56) 8.53 (0.92) 7.53 (1.66)

26�35 years 7.09 (2.04) 7.19 (1.70) 7.38 (1.58)

�36 years 5.53 (2.42) 7.65 (1.42) 7.44 (2.25)

Level Youth sport 8.05 (1.33) 8.15 (1.52) 8.05 (1.70)

Regional 7.50 (1.60) 90.885 0.000** 6.90 (1.23) 38.222 0.000** 7.38 (1.85) 32.847 0.017*

National 5.77 (2.43) 7.50 (1.51) 7.48 (1.44)

Experience with artificial turf 1�3 years 6.66 (2.21) 25.127 0.003** 7.54 (1.47) 4.538 0.716 7.40 (2.02) 8.943 0.443

�3 years 7.51 (1.75) 7.84 (1.70) 7.62 (1.45)

Previous playing surface Natural turf 6.10 (2.21) 90.723 0.000** 7.00 (1.63) 13.284 0.039* 6.18 (1.68) 40.267 0.000**

Dirt pitches 7.83 (1.51) 7.98 (1.34) 7.94 (1.48)

Sport surface preference

Pearson x2 df

Asymptotic significance

(two-tailed)Artificial turf �X (s) Natural turf �X (s) Both �X (s)

Satisfaction with

artificial turf �X(SD)

Players 8.37 (0.99) 5.70 (2.11) 7.99 (1.19) 169.2 18 0.000**

Coaches 8.23 (1.17) 6.50 (1.48) 7.89 (1.43) 32.3 14 0.004**

Referees 8.52 (1.00) 6.67 (1.87) 8.06 (1.05) 35.6 18 0.008**

*p B 0.05; **p B 0.01.
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direct sunlight is increased, the field has a better

appearance (Foster, 2007).

There is another aspect where there are certain

differences in users’ perception, the ball interaction

variables (bounce, movement along the ground,

control, among others). In general, moderate

satisfaction was displayed for these aspects (with

mean scores between 6 and 8). Burillo (2009) stressed

that the new generation of artificial turf met needs

related to the bounce and roll of the ball, as against

previous generations, considered to be less practical

and more uncertain for the players. Similarly, FIFA

(2007c) conducted various studies analyzing the

performance and run of play in competitions on

artificial turf, and there were clear similarities with

natural turf in most aspects (including ball possession,

control, and attacking play). However, these studies

were conducted on 2-star (FIFA-certified) artificial

turf fields that comprise a trifling proportion of

pitches in the world. Similarly, in other studies, in

which the quality of artificial turf is not specified,

there were significant differences in a better ball roll,

ball bounce and player-surface on natural surfaces

(Martinez et al., 2004; Stiles et al., 2009).

But we cannot assume that all artificial turf is the

same, and that all natural turf is the same. The

performance of an artificial turf field depends on

the type of components used, the way they are

installed on site, the intensity of usage a surface is

subjected to and the maintenance carried out

(Alcántara et al., 2009; Martinez et al., 2004). There

exists huge variability in the products available (fibres

and rubber infill) that could change the mechanical

properties of the field. For example, the types of infill

or the greater density in the infill system clearly affect

the maximum traction generated by the surface

(Severn, Fleming, Clarke, & Carré, 2011). Similarly,

the larger size of the rubber infill increases the impact

forces and the ball bounce (Alcántara et al., 2009).

To ensure a surface is delivering the anticipated

acceptable levels of performance owners should

make a good choice of the surface components and

it may be tested throughout its life.

The variables relating to play in extreme weather

conditions (high temperatures or snow-covered

pitch) were the most unfavourable aspects of sport-

ing feature. Zanetti (2009) stated that players usually

preferred to play on artificial turf when the weather

was mild or cold. Thus, playing in high temperatures

was one of the main disadvantages expressed by the

participants. Zanetti (2009) noticed this problem;

particularly in areas with extreme temperatures

(Africa, Asia, southern European countries, etc.).

In contrast, natural turf acts as a regulator of both

temperature and moisture (Orchard, 2002). For this

reason, FIFA (2007b) recommends irrigation for

pitches wherever the temperatures are high and

rainfall is scarce. Watering the turf, as well as

improving the pitch conditions, lubricates the fibre,

thereby helping to minimise potential skin abrasions,

cools the surface, and also stabilises the infill, thus

preventing any dispersion thereof (FIFA, 2007b;

Simon, 2010). Consideration should be given to

innovation in fibres and thermoplastic infills, natural

materials (including cork and coconut fibre, among

others), watering the surface prior to a game and

replacing asphalt-type underlays, in order to reduce

the surface temperature, as has been shown in other

studies (McNitt, Petrunak, & Serensits, 2008;

Williams & Pulley, 2002), and thus imitate the

surrounding thermoregulation properties of natural

turf.

However, the coaches considered that artificial

turf was highly suitable for youth or amateur foot-

ball, and went so far as not to rule out its suitability

for professional competitions. Various studies (Bur-

illo, 2009; ESTO, 2008) noted that in its early days

artificial turf was not highly thought of by sports

federations, but now this perception has changed

and this surface is beginning to be positively con-

sidered for any type or category of competition.

Satisfaction

Participants (players, coaches and referees) were

satisfied with the artificial turf surface they used

frequently. In the three groups, approximately three

out of four participants gave an overall ranking of

highly satisfied for artificial turf (marks between 7

and 10). This may be attributed to the development

of football in Spain, where in the last 20 years, the

vast majority of amateur and semi-professional

pitches were dirt pitches, with very few natural turf

grounds (let alone those in perfect condition)

(Burillo, 2009). Two out of three participants stated

that, looking back on their playing days, most of their

games/training sessions were carried out on dirt

surface.

The overall satisfaction with artificial turf fields

was strongly influenced by previous experience,

which represented a major change for most of the

participants (particularly those who had previously

played on dirt pitches). These participants perceived

that their sporting performance had improved, and

this has had a positive bearing on their satisfaction.

In Zanetti’s study (2009), the participants gave a

significantly higher ranking to artificial turf surfaces

compared to dirt pitches in almost all the factors

analysed. In addition, the participants expressed that

artificial turf fields have a higher utilisation and

hours of use. Time that previously was usually

restricted to high-level teams (McNitt, 2005). There

is no doubt that the introduction of this third-

generation synthetic surface in football has been a
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major step forward from dirt pitches. Several authors

(Foster, 2007; Martinez et al., 2004; O’Donnell,

2008; Zanetti, 2009) indicate that the artificial turf

football fields have over three main advantages over

other surfaces: 1. the resistance to adverse weather

conditions. The drainage system causes the water is

evacuated rapidly and the floods are nearly impos-

sible after abundant rains. Also, it allows that the

snow could be removed without damaging the pitch;

2. the behaviour of the ball on the surface. The ball

interacts with the field uniformly, without any

strange element that impairs its movement; 3. the

homogeneity of the properties of the field. It causes

that ‘player-surface’ interaction and ‘ball-surface’

interaction are safe and reliable.

There was different perception of satisfaction

among participants depending on their level within

the three groups (players pB0.01; coaches pB0.01;

referees pB0.05). Overall satisfaction has increased

when the participants’ level decreased. Furthermore,

the youngest users expressed an overall satisfaction

for artificial turf that was significantly higher, and

this evaluation became progressively smaller the

older the participant. This may be explained by the

substantial improvement to be found on artificial turf

pitches in the last 10 years, and their incorporation

above all into youth football (FIFA, 2007a; McNitt,

2005). For the Youth Sport group, it may be possible

that artificial turf is the best known sports surface.

The youngest users (and thus the ones with the least

playing experience) went straight from playing on

dirt or natural turf pitches (usually in poor condi-

tion) to third-generation artificial turf surfaces,

without the negative experience of first- and second-

generation surfaces (Burillo, 2009; O’Donnell,

2008).

Similarly, among the coaches, we found it sig-

nificant that 84% of them had never had to cancel a

training session because of the condition of an

artificial turf pitch. The training session is a corner-

stone criterion as far as coaches are concerned. The

chance to improve the team, where the coach has

more control and power of decision, comes during a

training session on the pitch (Burillo, 2009). Thus,

the satisfaction of the coaches rest on the low

incidence of training session cancellations due to

the state of the artificial turf.

Preference

Artificial turf can be said to be widely accepted, as it

was chosen as one of the favourite surfaces for

football by 60% of participants in the study of the

three possible options (the 31% chose artificial turf

and the 29% chose both, artificial and natural

surfaces). However, while artificial turf received a

joint satisfaction ranking that was moderately high,

natural turf was favoured by 40% of participants

(reaching the 69% if we add the 29% of both

surfaces). We found significant correlations between

the choice of ideal surface for football and the

perception of overall satisfaction for artificial turf

for the three groups (pB0.01). Participants whose

ranking for artificial turf was excellent or very

satisfactory opted for this surface. On the other

hand, participants whose overall satisfaction ran

from moderate to low (scores of 5�8 points on the

scale 1�10) expressed a preference for natural turf.

This makes us reflect on that artificial turf fields are

well perceived by many football users, although some

of them, especially players, still prefer to play on

natural turf.

Furthermore, participants who had mostly played

on natural turf fields still had a certain preference for

that surface, even though currently they may have

been training/playing on artificial turf. Apparently,

the biggest obstacle for acceptance of artificial turf

was the user’s prior experience. Previous studies

(Martinez et al., 2004; Meyers & Barnhill, 2004;

Schlegel, 2009) consider that changing natural turf

to artificial turf could be negative for football players

in the beginning, regardless of the time they have

been playing in artificial turf, because their football

training has been developed in another kind of

surface. In view of the fact that youth football is

mainly played on artificial turf fields today, it seems

fair to predict that future discrepancies between

artificial and natural surfaces will progressively

decrease, and the introduction of artificial turf in

first-class football will be less traumatic. As Stiles

et al. (2009) state, artificial turf is gradually remov-

ing natural turf from its leadership in many sports.

However, it is worth noting that the results of this

study come from ‘user group’ who compete and train

in Mediterranean climate regions or South Europe.

It is possible that in other regions such as Central

and North Europe, where the state of natural turf

fields is often excellent due to a higher average

rainfall and lower average temperature, the percep-

tions are different.

Conclusion

Artificial turf has been gradually meeting a large

proportion of footballers’ demands, especially in

non-federated leagues (youth football, local leagues,

seven-a-side, veterans and so on). Football stake-

holders, the coaches and referees in particular, are

extremely satisfied with artificial turf football fields.

Approximately three out of four participants gave an

overall ranking of highly satisfied. The overall

satisfaction with artificial turf fields was strongly

influenced by previous experience, particularly those

who had previously played on dirt pitches. Although
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majority of the participants who were used to natural

turf pitches still prefer that surface, there is a

noticeable trend of appreciation for artificial turf.

The perception of artificial turf was positive in most

of the variables analysed, especially among the

younger participants. Furthermore, artificial turf

had a 60% acceptance rate as the ideal surface for

football (particularly among coaches) and it is very

close to the level of natural turf (69% acceptance).

The main advantages of artificial turf were its

sporting feature and the fact that it made for

improved performance, its good state of conserva-

tion and the visibility of pitch markings. The vast

majority of coaches had never had to cancel a

training session because of the condition of an

artificial turf pitch. On the other hand, the main

disadvantages were skin abrasions and playing in

high temperatures. These results highlight the ver-

satility of artificial turf to adapt to any circumstance

or requirement for local sport and top-level profes-

sional competitions alike. However, the future suc-

cess of artificial turf pitches will be also linked to

a regular maintenance and a supervision of the

technical, biomechanics and security properties

that can improve the fields’ quality and user

satisfaction.
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Playing soccer on a scorching hot summer day may affect 
athletes’ physical performance and lead to exertional 
heat illness. Microclimates – human-level meteorological 
conditions modified by nearby manmade and natural ob-
jects – have been shown to be significantly impacted by 
differences between natural turfgrass (NT) and artificial 
turf (AT) (Francis, 2018; Jim, 2017; Guyer, 2020). But less 
attention has been paid to how athletes’ thermal sensa-
tion is affected between the two field types. Therefore, 
the purpose of this study was to compare Texas A&M 
University Men’s Club Soccer players’ thermal stress 
when competing on NT and AT fields. While quantifying 
objective and subjective thermal comfort, particular at-
tention was given to determine differences in the players’ 
physiological and perceived thermal stress on each field 
type. Microclimate and questionnaire survey data were 
collected on each field type and from all players, respec-
tively, over four summer days in September 2021. An 
energy budget model that can estimate human thermal 
comfort using energy flux theory was used to quantify 
their physiological thermal stress.

METHODS AND MATERIALS
Study site
Two soccer fields at Penberthy Rec Sports Complex in 
College Station, Texas, were selected as sites for the study. 
According to the Köppen climate classification, College 
Station’s climate is considered Humid Subtropical Climate 
(Cfa), where the average daily high temperature between 
June and September is above 88.8°F.

Both soccer fields are managed by SSC Services for 
Education at Texas A&M University. The NT field was 
105,000 ft2 and consisted of ‘Tifway 419’ hybrid bermu-
dagrass on native soil, and the AT was 115,000 ft2 and 

consisted of Astroturf RootZone 3D3 Blend 52 that was in-
stalled in 2008 and had a blend of monofilament, slit film, 
and nylon “rootzone” fibers with crumb rubber infill. The 
area around the fields was wide open with no presence of 
natural or manmade objects nearby (e.g., buildings, water 
bodies, trees, and vehicle roads) that may potentially 
affect thermal conditions. The study area location, field 
layouts, photographs of the weather sensors used, and 
infrared thermal imagery taken from grass and turf are 
shown in Figure 1.

Data collection
Microclimate measurement
Microclimate conditions of the soccer fields were mea-
sured on hot, sunny summer days (Sep 7, 8, 21 and 22 
of 2021). Two sets of weather sensors (Maximet 501 and 
ATOMS 41) were installed at the center of each natural 
turfgrass and artificial turf field. The microclimate – air 
temperature (°F), relative humidity (%), wind speed (mph), 
wind direction, and solar radiation (W/m2) – was collect-
ed from 11 a.m. to 6 p.m. CST with a 1-minute recording 
interval. In addition, the surface temperature was mea-
sured every 15 minutes on both filed types by two trained 
surveyors using a thermal infrared camera (FLIR IR E5). 
The measurement height of those sensors was five feet 

Assessing Differences 
in the Thermal Stress of 
Soccer Players on 
Natural Turfgrass 
and Artificial Turf
By YouJoung Kim, Ph.D., Chase Straw, Ph.D., Steven E. 
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Figure 1. Microclimate measurement on Penberthy Rec Sports 
Soccer fields in College Station, Texas.
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above the ground to represent the thermal conditions at an athlete’s chest 
level. The summary of measured microclimate over four days is presented in 
Table 1. Although the same weather sensors were not used for data collection, 
they were thoroughly calibrated prior by multiple field tests.

Questionnaire survey
An on-site questionnaire survey was adopted to measure the perceived ther-
mal stress that the soccer players felt during matches. Over the four days of 
data collection, six soccer matches (6v6) were played with TAMU men’s club 
soccer players who volunteered as study participants. Two matches were 
held approximately 11 a.m. to 1 p.m. CST, and the other four matches approx-
imately 2 to 4 p.m. CST to have a wide range of daytime field thermal con-
ditions. Matches consisted of four quarters, where each quarter of a match 
lasted 22.5 minutes with a 10-minute break in between. At each break, three 
out of 12 players were randomly asked to respond to eight questions about 
how thermally comfortable they were during the matches with a 10-point 
rating scale, where 0 represented “much too cold” and 10 represented “much 
too hot.” These questions can be grouped in three parts: 1) perceived exertion 
(i.e., a laborious or perceptible effort), 2) perceived surface heat conditions, 3) 
perceived thermal stress. The response rate was 87.5%, meaning 63 out of 72 
participants responded to the survey without missing values. 

Estimation of objective thermal stress
To evaluate the athlete’s physiological thermal stress, the COMFA energy 
budget model was employed. It is an outdoor thermal comfort index that 
estimates the objective thermal comfort of a person based on energy budget 
equation. In other words, it calculates the physiological thermal load that 
the human body receives to maintain thermal balance with the surrounding 
outdoor environment. The energy budget is described as follows: 

∆S=M+R-C-K- E (Eq1)  where ∆S is the change in heat storage (W/m2).  
When the change in heat storage is near 0, the inputs and outputs of energy 
would nearly balance, and a person would be thermally comfortable. A large 
positive value would suggest that a person is receiving much more heat than 

TABLE 1) SUMMARY OF MICROCLIMATE CONDITION ON PENBERTHY SOCCER FIELD

Date  Air temperature  Solar radiation Relative humidity Wind speed
  (°F)  (W/m2)  (%) (mph)

Sep 7th Mean 91.92 810.26 33.75 3.81
 Sd 2.52 156.61 7.25 0.46
Sep 8th Mean 91.49 622.89 32.23 7.41
 Sd 1.65 314.81 3.43 1.70
Sep 21st Mean 91.27 570.96 55.71 6.54
 Sd 3.09 136.72 8.53 1.84
Sep 22nd Mean 83.18 736.66 26.15 8.27
 Sd 0.40 105.07 0.36 0.59
Total Mean 89.46 685.19 36.96 6.50
 Sd 1.91 178.30 4.89 1.15
* Standard deviation (Sd)

they are giving off, and they would feel 
too hot. A large negative value would 
have the opposite effect. The major 
energy streams are convective heat loss 
(C), evaporative heat loss (E), conductive 
heat loss (K), radiative exchange (R), and 
metabolic heat production (M) (Kenny 
et al, 2009). The estimated physiolog-
ical thermal stress, also called energy 
budget value, can be measured as watt 
per square meter of a person’s surface 
area (W/m2), a unit of energy density. 
The measured microclimate and the 
athlete’s surveyed exertion level were 
the main inputs to the COMFA model 
estimation. The metabolic rate of a run-
ning person ranged between 300 – 650 
W/m2 depending on exertion level, and 
the summer uniform was selected to 
determine the clothing insulation level.

RESULTS
Microclimate condition
Surface temperature showed a signifi-
cant difference between NT and AT. The 
differences in microclimate between 
the two field types are summarized in 
Table 2. Regarding the overall pattern, 
all the measurement values of AT’s mi-
croclimate (e.g., air temperature, solar 
radiation, relative humidity, and wind 
speed) were slightly higher than NT. 
However, except for surface tempera-
ture, the degree of their difference is 
not significant considering their error 
ranges of measurement. In contrast, the 
surface temperature presented a large 
deviation between AT and NT, whose 
average difference was over 70.0 °F.

The daytime pattern of AT and 
NT surface temperature was further 
explored to identify the difference in 
variation over the day (Figure 2). AT’s 
surface temperature showed consid-
erable fluctuation over time compared 
to NT’s. Over the four days of measure-
ments, the surface temperature ranged 
between 104.6°F and 161.6°F for AT and 
between 86.8° F and 102.6° F for NT. It 
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seems that their daytime mean surface temperature was 
primarily affected by cloud cover. Overall, the surface 
temperatures peaked on September 7 when the cloud 
cover was at the lowest at 10%. Meanwhile, surface tem-
peratures were lowest on September 22 when the cloud 
cover was relatively higher at 40%, with a somewhat 
cooler ambient temperature. 

The AT – NT difference in surface temperature showed 
similar daytime patterns with the mean surface tempera-
ture. Their difference reached a peak of 96.5°F at 2:30 p.m. 
CST, September 7 and lowest at 46.8°F at 3:30 p.m. CST, 
September 22. The degree of temperature gap was likely 
due to increase from morning to high solar noontime 
at around 1 p.m. CST and after then declining toward 
evening at 4 p.m. CST. As surface temperature was the 
microclimate component primarily determined by field 
characteristics, we expected it to be a crucial driver caus-
ing differences in players’ thermal stress.

Perceived thermal stress (survey response)
Soccer players felt higher thermal stress when playing 
on artificial turf (AT) than natural turfgrass (NT). Figure 
3 presents the frequency distributions of players’ per-
ceived level of surface temperature and thermal stress 

for AT and NT. The X axis is the heat scores of perceived 
surface temperature (upper figure) and perceived thermal 
comfort (bottom figure), respectively. These values reflect 
how thermally comfortable they were on each field type 
during match. The Y axis is the number of players choos-
ing each score. The upper histogram shows that AT has 
a relatively higher perceived surface temperature score 
with a broader range than NT. The frequency distribu-
tion curve also indicates that the mean AT’s heat score is 
6 points, which is one point higher than the mean NT’s. 
Moreover, the heat score of the AT ranges between 4 and 

Figure 2. Daytime pattern of AT and NT surface temperature and its difference.

TABLE 2) AT – NT DIFFERENCE IN MICROCLIMATE CONDITIONS

Variable Mean Sd Min Max

Diff. in Air temperature (°F) 33.12 0.38 32.57 33.90

Diff. in Solar radiation (W/m2) 16.58 35.76 -29.54 74.76

Diff. in Relative humidity (%) 2.97 0.95 1.33 4.38

Diff. in Wind speed (mph) 1.67 1.40 -1.57 4.56

Diff. in Surface temperature (°F)  70.15 14.39 46.88 96.50

*Standard deviation (Sd) *Difference (Diff.)
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Figure 3. Distribution of perceived thermal stress on AT and NT.

 Figure 4. Estimated physiological thermal stress of AT and NT (upper) 
and their composition of thermal loadings (bottom).

7.5, which is slightly broader than that of 
the NT. Regarding the perceived thermal 
comfort, although the range of heat score 
range is identical as it ranges between 3 to 
5, the mean AT score is at 4.3 points, which 
is higher than the mean NT score of 3.8.

Objective thermal stress 
(Energy budget model)
Evaluation of thermal stress on natural 
and artificial turf
Physiological thermal stress of soc-
cer players on the two field types were 
evaluated using the COMFA model. The 
estimated COMFA output was described 
as energy budget values that can be 
categorized into four classified thresholds 
of heat stress values (Harlan et al., 2006): 
Caution (65–120 W/m2), Extreme caution 
(121–200 W/m2), Danger (201–339 W/m2), 
and Extreme Danger (340 or higher W/m2). 
According to the classification, Figure 4 
showed that, for the majority of the match, 
the players felt very hot and had Extreme 
Danger levels of thermal stress. Energy 
budget values reached the peak of 620 W/
m2 at 2 p.m. CST on September 7, and ar-
rived at the low of 300 W/m2 at 4 p.m. CST 
on September 8, and 2 p.m. CST on Sep-
tember 22. Only limited periods, from 2 
to 4 p.m. CST on Sep 8 and from 2 to 2:30 
p.m. CST on September 22, fell into Danger 
level of thermal. Their daytime patterns 
with peak and bottom hours were highly 
coupled with surface temperature. 

When it comes to the AT-NT differ-
ence in physiological thermal stress, it 
was found that NT can reduce the ther-
mal stress of soccer players by up to 20% 
compared to AT. Overall daytime patterns 
of thermal stress demonstrated that the 
difference in energy budget values be-
tween AT and NT was 10.6 % higher in 
the afternoon than the noon during clear 
sunny days. Their highest difference was 
on September 7 around 3 p.m. CST at 124 
W/m2, while their lowest difference was 
on September 22 around 4 p.m. CST at 25 
W/m2. It seemed that the magnitude of 
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disparities in thermal stress was likely to increase when 
the shortwave solar radiation (or direct solar beam) com-
ing from the sky was strong. Meanwhile, their disparities 
tended to decline when the cloud cover was relatively 
larger with high wind speed.

The most significant components of thermal loading to 
which players are exposed are Kabs for NT and Labs for 
AT. Figure 4 indicates individual contribution of four ener-
gy components [absorbed solar radiation (Kabs), absorbed 
terrestrial radiation (Labs), convective heat loss (C), and 
evaporative heat loss (E)] to thermal loadings that athletes 
received during daytime hours. The Kabs are the amount 
of incoming shortwave solar radiation that a player ab-
sorbs, and the Labs are the amount of absorbed longwave 
ground radiation emitted from field. Evaporative heat 
loss is the loss of body heat that occurs through respira-
tion and perspiration, whereas convective heat loss is the 
transfer of heat from the body due to the wind. Kabs and 
Labs comprise the largest proportion of the net energy 
budget, leading to the overall increase in thermal stress of 
players. As the Kabs was determined by exposure level to 
direct solar radiation, no difference was observed between 
the field types. Meanwhile, the Labs of AT was 97.7% and 
91.5% higher at the noon and the afternoon, respectively, 
compared to NT.

Effects of AT and NT surface temperature on player’s 
thermal stress
The impact of AT and NT surface temperature on players’ 
thermal stress was estimated using a statistical modeling 
procedure called multiple linear regression, where time of 
day and day of week were considered. Two sets of models 
were developed for players on each field type - physiolog-
ical thermal stress and perceived thermal stress. Particu-
lar attention was given to (1) the comparison of the impact 
of turf surface temperature on different types of thermal 
stress, as well as to (2) investigate the explanatory capacity 
of turf surface temperature as a proxy of thermal stress. 
Upper plots showed the predicted changes in physiologi-
cal thermal stress (W/m2) by an increase in one Fahrenheit 
degree of AT and NT surface temperature, whereas the 
bottom plot indicated the predicted shifts in perceived 
thermal stress. All models were statistically significant, 
indicating that both filed types affect physiological and 
perceived thermal stress significantly.

The impact of surface temperature on athletes’ ther-
mal stress is higher on NT than AT. The coefficient slope 
of NT is 11.6 for physiological thermal stress, meaning 
that the 1°F increase in surface temperature led to 11.6 

growth in energy budget values (W/m2). The coefficient 
slope of AT was 6.9m, which was three times less than NT. 
Interestingly, a similar outcome was found in perceived 
thermal stress, where NT’s coefficient slope (0.014) was 
higher than AT’s (0.008). These findings indicate that both 
the perceived and physiological thermal stress of the 
players are more sensitive when they are performing 
on NT. We assume that this is mainly due to the higher 
thermal stress level on AT that may result in the reduced 
performance (or amount of activity) and lower metabolic 
rates leading to decreases in thermal stress of players 
compared to NT.

Explanatory power of surface temperature for thermal 
stress varies on the types of thermal stress. In this study, 
explanatory power indicates the ability on how much 
variations in players’ thermal stress can be explained by 
the surface temperature. Overall, the surface tempera-
tures showed better performance in explaining athletes’ 
physiological thermal stress than the perceived thermal 
stress model. In the physiological thermal stress model, 
the explanatory power (or adjusted r-squared) values 
are 57% and 49% for AT and NT, respectively, which are 
around 30% higher than the perceived thermal stress 
model. This implies that, considering their high explan-
atory power of around 50%, surface temperature can be 
considered a superior proxy when it is used for measur-
ing the physiological thermal stress of soccer players.

CONCLUSION
Our findings confirmed that surface temperature is the 
main driving factor that leads to an increase in both 
perceived and physiological thermal stress of the soccer 
players in summer daytime. The highlights of the key 
findings are as follows:

 Mean AT-NT difference in surface temperature was 
over 68.0°F, which tends to be more pronounced when the 
direct solar beam is stronger, and the time reaches solar 
noon at around 1 p.m. CST

 Athletes performing on AT had higher perceived and 
physiological thermal stress than those on NT. Compared 
to AT, NT can reduce the physiological thermal stress by 
up to 20% in a setting of a clear, hot and sunny day.

 The impact of NT surface temperature on player’s 
perceived and physiological thermal stress is higher than 
that of AT. This implies that athletes are likely to be more 
sensitive to field heat conditions when performing on NT.

The findings of this study are useful for biometeorol-
ogy and sports field management to enhance the ath-
letes’ safety from heat stress and increase their match 
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performance. Future studies need to address how the 
difference in thermal stress induced by AT and NT affects 
the athlete’s physical performance and physiological body 
changes, such as hydration. SFM
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Independent research 
 
https://www.theguardian.com/environment/2022/sep/30/boston-bans-artificial-turf-toxic-
forever-chemicals-pfas 
 
 
https://www.theguardian.com/environment/2022/aug/18/pfas-forever-chemicals-new-
method-decompose-drinking-water 
 
https://www.nbcsports.com/bayarea/49ers/49ers-nick-bosa-sounds-nfls-artificial-turf-problem 
 
https://www.center4research.org/children-athletes-play-toxic-turf-playgrounds/ 
 
https://peer.org/toxic-forever-chemicals-infest-artificial-turf/ 
 
https://www.ctinsider.com/news/article/RTM-proactively-bans-crumb-rubber-artificial-turf-
13464197.php 
 
https://www.center4research.org/nchr-letter-to-members-of-the-board-of-the-los-gatos-
union-school-district-on-artificial-turf-and-playgrounds/ 
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1

Desiree Adair

From: Chad Smith <austinchadsmith@gmail.com>
Sent: Wednesday, November 16, 2022 7:07 AM
To: Desiree Adair; Ashley Wayman; Alec Robinson; Makayla Rodriguez
Subject: Fwd: [Test] City Council Controversy- Little League

Follow Up Flag: Flag for follow up
Flag Status: Completed

Can you please share with City Council?  Thanks! 
Chad 

Chad Smith 
(512) 922‐5431 
 
Begin forwarded message: 

From: Sean Kincaid <sean@kmisportsconstruction.com> 
Date: November 15, 2022 at 5:29:29 PM CST 
To:Subject: Re: [Test] City Council Controversy‐ Little League 

Here are some FAQ’s and answers 
 

HOW IS SYNTHETIC TURF MADE?  

Most synthetic turf systems installed today include a drainage layer, a multi-layered backing system, 
and resilient "grass" blades that are infilled with a granular filler to resemble natural turf. "Infilled" 
means that the man-made grass blades are interspersed with a top soil created with sand and/or 
granulated recycled tire rubber or other infill materials that provide the necessary stability, uniformity, 
and resiliency. Each blade customarily stands above the infill material. The typical blade length and 
system characteristics are determined by the specific activity requirements. In some applications, the 
synthetic turf system includes a pad or elastic layer underneath the turf, often in combination with 
lower pile height and less infill. 
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2

HOW IS THE NEW GENERATION OF SYNTHETIC TURF DIFFERENT  

FROM THAT OF THE PAST?  

 

Increasing demand for high quality playing surfaces and intense competition for field accessibility has 
given rise to a new generation of synthetic turf systems that replicate the look and feel of lush, natural 
grass. While the first artificial turf systems used in the 1960’s and 1970’s were hard, significant 
advancements have been made during the past few decades. By the 1990’s, the first synthetic turf 
systems with sand and rubber infill were introduced, which dramatically improved player performance 
and safety. Today’s synthetic turf, used by many NFL franchises, as well as member associations 
and teams of the Union of European Football Associations (UEFA), Fédération Internationale de 
Football Association (FIFA), the International Rugby Board and other international sports federations, 
combines the playing characteristics, look and feel of natural turf, with the advantages of increased 
frequency of usage, extra revenue generation, safety, longer playing sessions, fewer canceled 
games, and lowest cost per playing day. 
 
 

HOW DOES SYNTHETIC TURF IMPACT THE ENVIRONMENT? 

Synthetic turf has a measurable, positive impact on the environment. Depending on the region of the 
country, a typical grass sports field requires between 500,000 to a million gallons of water or more 
each year. During 2010, between four to eight billion gallons of water were conserved through its use. 
According to the U.S. Environmental Protection Agency (EPA), the average American family of four 
uses 400 gallons of water a day. Therefore, a savings of four to eight billion gallons of water equates 
to the annual water usage of over 27,000 to 55,000 average American families of four. 
Tax credits and rebates are being offered to residential and corporate users by an increasing number 
of local governments in light of the tremendous impact on water conservation. The Southern Nevada 
Water Authority estimates that every square foot of natural grass replaced saves 55 gallons of water 
per year. If an average lawn is 1,800 square feet, then Las Vegas homeowners with synthetic turf 
could save 99,000 gallons of water each year or about $400 annually. In Atlanta, homeowners could 
save $715 a year, not including much higher sewer charges. 

The estimated amount of synthetic turf currently installed has eliminated the need for millions of 
pounds of harmful pesticides and fertilizers, which has significant health and environmental 
implications. For example, according to the North Carolina Department of Environment and Natural 
Resources, polluted storm water runoff is the number one cause of water pollution in their state, with 
common examples including over fertilizing lawns and excessive pesticide use. 

In addition, synthetic turf helps reduce noxious emissions (the EPA reports that a push mower emits 
as much pollution in one hour as 11 cars and a riding mower emits as much as 34 cars) and reduces 
grass clippings, which the EPA states are the third largest component of municipal solid waste in 
landfills. 
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IS SYNTHETIC TURF SAFE 

 
 

More than 50 independent and credible studies from groups such as the U.S. Consumer Product 
Safety Commission, and statewide governmental agencies such as the New York State Department 
of Environmental Conservation, New York State Department of Health and the California 
Environmental Protection Agency, have validated the safety of synthetic turf (see Position Statements 
to learn more). 

Recent highlights include: 

 In October 2010, the California Office of Environmental Assessment completed its multi-year 
study of air quality above crumb rubber infilled synthetic turf, and bacteria in the turf, and 
reported that there were no public health concerns. 

 In July 2010, the Connecticut Department of Public Health announced that a new study of the 
risks to children and adults playing on synthetic turf fields containing crumb rubber infill shows 
"no elevated health risks.” 

 The California EPA released a report dated July 2009 which indicated there is a negligible 
human health risk from inhaling the air above synthetic turf. 

 Independent tests conducted by the New York State Department of Environmental 
Conservation and New York State Department of Health, released in May 2009, proved there 
were no significant health concerns at synthetic turf fields. 

 In July 2008, a U.S. Consumer Product Safety Commission staff report approved the use of 
synthetic turf by children and people of all ages. 

 

IS CRUMB RUBBER SAFE 
 

Yes. Crumb rubber infill, made from reclaimed tires, is a popular infill option for many synthetic turf 
fields. It has been safely utilized since being introduced in 1997, and in playgrounds and tracks for 
much longer. This resilient material provides enhanced durability and safety. Its use in synthetic turf 
sports fields and landscape has also kept more than 105 million used tires out of landfills. Crumb 
rubber has been critically examined and studied since the late 1980's. Science has proven it to be 
safe for children and people of all ages (see Research and Latest Thinking and Crumb Rubber FAQs 
to learn more). 
 
 
Regards, 
Sean Kincaid 
KMI Sports Construction 
President / CEO 
512‐287‐9636 
7070 US 290 
Dripping Springs, TX 78620 
Facebook ‐ @kmisports 
Instagram ‐ @kmiturf 
www.kmiconnect.com 
 
Visit our KMI YouTube Channel 
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: November 16, 2022 

Submitted By:  

Staff / Park Commission 

Agenda Item:  

Discussion and possible action on a recommendation from the Park Commission regarding land 

clearing to the north of the swim facility 

Description:  

At the November 7, 2022 Park Commission meeting, the Park Commission made the following 

motion. 

Chad Smith moved to create a committee of Chad Smith, Melissa Morrow and Mary 

Elizabeth Cofer to tag the trees and propose to the City Council that the Park 

Commission would like to do some clean up at a cost of $1,400, and for City 

Administrator Wayman and Mayor Massingill to sign off on the trees to be removed, and 

once approved  by the City Council and City Administrator Wayman and Mayor 

Massingill, move forward, as well as that no maintenance would be added and that Chad 

Smith would seek out the funding. Melissa Morrow seconded the motion. 

The motion carried with 7 in favor and 0 against. 

Action Requested:  

To take action on a recommendation from the Park Commission regarding land clearing to the 

north of the swim facility 

Fiscal Impacts:  

No significant fiscal impact anticipated at this time 

Attachments: 

 Example Images and Presentation – Land Clearing 
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GD Land Improvements
(512) 934-1535
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AGENDA ITEM SUMMARY SHEET 

City of Rollingwood 

Meeting Date: November 16, 2022 

Submitted By:  

Council Member Phil McDuffee 

Agenda Item:  

Discussion and possible action to protect trees and other vegetation on land zoned Park District 

(P). 

Description: 

Rollingwood’s current Tree Ordinance provides no protection for any trees growing in land zoned 

in the Park District (P). Until we can revise the current Tree Ordinance, Council may want to 

provide some protection for the trees and other vegetation in Rollingwood’s Park District (Zone 

P). 

 

Please see the attached City of Rollingwood Zoning Map for reference. 
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Agenda Item & Caption:  Discussion and possible action in regard to the process for hiring legal and 

planning services and scheduling dates for draft ordinance changes and public hearings in connection 

with implementation of the commercial zoning changes under the Comprehensive Plan. 

Submitted by:  Council Member Brook Brown  

Action Requested: Discussion of the process for and contracting of the professional services to draft the 

zoning changes recommended in the Comprehensive Plan for the commercial corridor.  The budget for 

the current fiscal year includes $ 40,000 for planning and legal services to draft the changes to the 

commercial zoning code necessary to implement the recommendations in the Comprehensive Plan.   

This agenda item permits the City Council to discuss how these services may be acquired, processes for 

review by the Planning and Zoning Commission and Council, target deadlines for this work, target dates 

for workshops and public hearings, and any related matters. 

Supporting Documents:  City of Rollingwood Comprehensive Plan contains the following 

recommendations for the Commercial Zone.  See Comprehensive Plan, Pages 24-28: 

• Allow retail and office uses on commercially zoned properties and encourage restaurant development 

where a restaurant or retail use would not create a nuisance for adjacent residential properties, except 

where residential properties are adjacent to office properties today and could be negatively impacted by 

conversion of that office use to retail uses - extended hours, traffic, noise, smells and related concerns 

with restaurants, bars, and convenience stores, being the primary concerns.  

• On the north side of Bee Caves Road, limit development on commercially zoned lots to two stories and 

30 feet in height. On the south side of Bee Caves Road, limit development on commercially zoned lots to 

3 stories and 45 feet in height.  

• Maintain current Rollingwood Drive frontage setbacks (i.e., setbacks between commercial buildings 

and Rollingwood Drive).  

• Prohibit the clearing of native vegetation within the FEMA floodplain on commercially zoned 

properties.  

• Work with stakeholders to envision and create a safer pedestrian crossing of Bee Caves Road at 

Edgegrove Drive. (Long-term vision: build a pedestrian bridge across Bee Caves Road within 

Rollingwood.)  

• Replace current setbacks between commercially zoned properties and residentially zoned properties 

with a 75-foot setback measured from the edge of any residentially zoned lot to the edge of any building 

on any commercially zoned lot. The clearing of native vegetation shall be prohibited in this 75-foot 

setback. In addition, the City should require replanting of previously cleared spaces within the 75-foot 

setback between the edge of any residentially zoned lot and the edge of any building on any 

commercially zoned lot.  

• To reduce the number of ingress/egress points on Bee Caves Road, eliminate any existing code 

provisions that require a driveway on every commercially zoned lot.  

• Encourage the building of walking and biking paths on commercially zoned lots along the south side of 

Dry Creek (sometimes called Eanes Creek) on the north side of Bee Caves Road.  
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• Enforcement: The City should require an as-built survey as part of its final permitting and Certificate of 

Occupancy for all new commercial development. In addition, the City should exercise its full discretion 

and employ all means to enforce all development rules regulating commercially zoned lots.  

• Modify development standards as necessary based on following recommendations:  

 Front setback: the front setback for commercial properties along the north side of Bee Caves 

Road be reduced from the current 25-foot setback to a 5-foot setback, where the developer has agreed 

to: 1) contribute any required right of way to TX DOT, and 2) implement a landscape plan, including 

appropriate irrigation and maintenance, that provides native species shade trees along sidewalks and 

rear lot pedestrian paths.  

 Impervious cover: City should establish commercial impervious cover requirements such that 

impervious cover shall not exceed 55% provided that no new project development will create any 

increases to storm water runoff (either volume or rate of flow of runoff).  

 Incentives: the development code should incentivize permanent low impact development 

practices such as rainwater harvesting, bio-retention, rain gardens, green roofs, infiltration/filter strips, 

conservation landscaping using native plants and trees that promote the area’s natural habitat including 

bird-, bee-, butterfly-friendly plants, and natural area preservation over and above required greenbelt 

setbacks, by development of a schedule of impervious cover limit increases up to an additional 10% for 

use of such practices: 1) there are no increases to storm water runoff (either volume or rate of flow of 

runoff), 2) the site plan meets all TCEQ best management practices for water quality, and meets the 

design elements described below.  

 Certification: all requirements associated with impervious cover incentives, storm water 

management and water quality be mandatory, not subject to variance, and enforced by requirements 

for engineering certification that the design meets all requirements as initially submitted in the 

permitting process and for engineering certification that the design as built meets all impervious cover, 

storm water management, and water quality requirements before the issuance of any occupancy 

permit.  

 Design requirements to lessen impact of commercial development to adjacent residential 

properties:  

 Where roofs are visible from adjacent residential lots, the City should adopt appropriate design 

requirements that mask and/or eliminate the impact of (i) building mechanical elements (AC units, 

vents, wireless facilities, etc.) by requiring such elements be located at ground level and not on roofs, or 

if located on roofs, masked by the roof; (ii) require all solar panels be masked; and (iii) require the site 

plan to provide a vegetative buffer and safety features between a residential lot and a commercial lot 

where there is no greenbelt, topographical, or line of sight buffer between the commercial lot and any 

residential lot.    

 The City should adopt lighting design criteria to eliminate impact to adjacent residential 

properties, down-shield night-time lights, and adopt standards consistent with the “Dark Skies” lighting 

policies of similarly sized Central Texas Hill Country communities, the International Dark Skies 

communities or other state-certified "Dark Skies" organization.   

 Review and revise necessary ordinances regarding interior and exterior lighting.  
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 Landscaping/Shade/setback incentives for commercial properties: the City should:  

 Require that landscaping within the setback along Bee Caves Road, where possible, and along 

 any pedestrian walkways, include sufficient trees to shade sidewalks and pedestrian paths.  

 Employ a tree ordinance similar to that in residential areas that will preserve heritage trees, that 

requires replacement of heritage trees with a tree or trees of the same species and having the same 

total caliper inches, and require replacement of other protected trees so as to maintain current tree 

canopies.  

• Safe harbor: the City should permit the renovation and, if necessary, rebuilding of existing structures 

on commercially zoned lots provided that such renovation or rebuilding 1) was in compliance with all 

City ordinances at the time it was built; and 2) is limited to the footprint of the existing structure.  

• Update commercial signage regulations as needed to bring rules up to date with modern technology 

and building needs.  

• Post-permit Enforcement and penalties: The zoning ordinance for commercial properties should 

include provisions sufficient to permit revocation of occupancy permits in the event the owner fails to 

maintain compliance with any permit requirement including impervious cover incentives, and 

landscaping, shade, setback requirements, and/or Dark Sky requirements, in addition to use of all fines 

and other enforcement provisions, including daily financial penalties for non-compliance. 
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Date:  November 14, 2022 
 
To:  Mayor and Council Members of the City of Rollingwood 
 
From:  Ashley Wayman, City Administrator    
 
Subject: City Administrator’s Report 
 
Financials – Highlights of the financials through the month of October 2022: 
 

 As of October 31, 2022, 8% of the Fiscal Year has passed.  
 Property taxes collected were about the same as the amount collected in the same period in FY 

21-22.   
 Sales taxes collected were up 18% from the amount collected in the same period in FY 21-22.   
 The Water Fund balance is currently at $555,119. The General Fund balance is at $1,662,875 

 
We had a successful Trunk-Or-Treat Safe Halloween event last month. Thank you to the Police 
Department and Public Works Department for their hard work planning that event!  
 
Street Sweeping is scheduled for Tuesday, November 29, Wednesday, November 30 and Friday, 
December 2, avoiding Monday and Wednesday that week for garbage/recycling collection. We will be 
sharing a notice via our website, Swift 911 notification system and our social media channels that 
includes what areas of the city are scheduled for each day. 
 
City Hall will be closed on Thursday, November 24 and Friday, November 25 in observance of the 
Thanksgiving Holiday. On behalf of the all of us here at City Hall, I want to wish you all a very Happy 
Thanksgiving! We are thankful year-round to serve the City of Rollingwood.  
 
I am available by email at awayman@rollingwoodtx.gov and cell phone at 737-218-8326. Please let me 
know if you have any questions or concerns.  
 
Best, 
Ashley Wayman 
City Administrator 
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Trunk‐Or‐Treat 2022 
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Authorized Staff: 10

Current Staff: 9 Time spent (hours):  

Hours Worked For Comp: 12 Citations/Warnings issued at this Location: 0

Comp Hours Spent: 18.5

Vacation Hours Spent: 8 Time spent (hours):

Sick Hours Spent: 98.5 Citations/Warnings Issued at this Location: 2

Holiday Hours Worked: 16

Holiday Hours Not Worked : 24 Time spent (hours):

Hours Worked For Overtime: 0 Citations/Warnings Issued at this Location: 0

Total Hours Worked: 849

Time spent (hours):  

Citations/Warnings issued at this Location: 4

Total time spent on traffic initiatives (hours):

Total Citations/Warnings issued during traffic initiatives: 6

Comp Pool Liability (Dollars): 14,655$      

Vacation Pool Liability (Dollars): 35,052$       Total Citations issued: 42

Total Sick Pool Liability (Dollars): 26,465$       Total Warnings issued: 45

Total Possible Liabilities: 76,172$       Total Citations and Warnings: 87

Parking Violations: 8

Special Event Parking Violations: 26

Vehicles Authorized: 5 Moving Violations: 68

Vehicles Operational: 5 Equipment Violations: 9

Gasoline Used (gal): 452.298 Total Violations: 111

Total Miles Driven: 4504

City Roadways: 41

Bee Caves Road: 77

Total Traffic Stops: 118

Calls Dispatched: 27

Self Assigned Calls: 88

Total Calls for Service: 115

Agency Assists: 34

Criminal Offense Reports: 2

Theft/Burglary Reports: 5

Misdemeanor Arrests: 0

Felony Arrests: 0

Total Arrests: 0

Proactive Citizen Contacts: 4

Minor Accidents: 1

Major Accidents: 0

Total Vehicle Accidents: 1

Construction: 3

Solicitation: 0

Noise: 0

Tree Related: 1

Animal Related: 0

All Others: 0

Total Ordinance Violations: 4

Calls for Service

Chief's Blotter

EVENTS ‐ ACL ran smoothly with no major issues. Our Halloween Trunk or 

Treat was a success.                                                                                      Training ‐

Our department attended several Eanes ISD school lock down drills.                

Arrests

Vehicle Accidents

Ordinance Violations

Police Activity

Police Department Report ‐ October 2022

Staffing Traffic Initiatives

Location 1: Nixon  

Location 2: Hatley

Location 3: Wallis

Possible Liabilities (PD Employees Only)

Traffic Enforcement

Type of Violations:

Fleet

Location of Traffic Stops

Location 4: Timberline
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Jan Feb March Apr May June July Aug Sept Oct Nov Dec
Authorized Staff: 9 9 9 9 9 9 10 10 10 10    
Current Staff: 8 8 8 9 9 8 9 8 9 9    
Hours Worked For Comp: 34.6 14.5 53.5 25.5 63 18 16 47 35.25 12    
Comp Hours Spent:   10 29.7 15 12 24 82.1 8 6 18.5    
Vacation Hours Spent:   18 105 2 12 3 137.85 206.5 8    
Sick Hours Spent: 44 34 162 12 12 134 20 72 100.5 98.5    
Holiday Hours Worked: 69 16 56 24   16 56   32 16    
Holiday Hours Not Worked : 43 24 32 16   40 44   24 24    
Hours Worked For Overtime:   49 6 4 0.5 33 10 8 6      
Total Hours Worked: 711 829 1145 916   1041 841 879.5 1543.5 849    

Jan Feb March Apr May June July Aug Sept Oct Nov Dec
Comp Pool Liability (Dollars): 15,616$                $15,777 $16,355 16,887$                19,129$                18,750$                17,077$                17,205$                14,167$                14,655$                   
Vacation Pool Liability (Dollars): 33,745$                $35,625 $35,655 36,935$                40,896$                43,610$                41,538$                28,177$                29,991$                35,052$                   
Total Sick Pool Liability (Dollars): 58,108$                $60,401 $59,024 60,130$                61,990$                59,123$                58,983$                46,544$                26,538$                26,465$                   
Total Possible Liabilities: 107,469$              $111,803 $111,034 113,952$              122,015$              121,483$              117,598$              91,926$                70,696$                76,172$                   

Jan Feb March Apr May June July Aug Sept Oct Nov Dec
Vehicles Authorized: 5 5 5 5 5 5 5 5 5 5    
Vehicles Operational: 5 5 5 5 5 5 5 5 5 5    
Gasoline Used (gal): 304 311 382.3 448.7 449.5 421 362 394.62 491.85 452.298    
Total Miles Driven: 3739 3,358 2990 5216 5216 4603 3831 4,297 5362 4504    

Jan Feb March Apr May June July Aug Sept Oct Nov Dec
Calls for Service
Call dispatched: 32 44 28 45 65 40 47 29 30 27    
Self assigned calls: 23 37 26 43 71 58 10 68 90 88    
Total Calls for Service: 55 81 54 88 136 98 57 97 120 115    
Total Agency Assists: 42 38 32 52 57 67 59 68 37 34    
Criminal Offense Reports: 8 11 9 16 13 15 17 11   2    
Theft/Burglary Reports: 2 4 2 4 1 6 4 2   5    
Arrests    
Misdemeanor Arrests:     3 2 2     1 1      
Felony Arrests:       1   2 2          
Total Arrests:     3 3 2 2 2 1 1      
Proactive Citizen Contacts: 12             4   4    
Vehicle Accidents    
Minor Accidents:   5 1 4 1 3 2   2 1    
Major Accidents:         3       2      
Total Vehicle Accidents:   5 1 4 4 3 2   4 1    

Jan Feb March Apr May June July Aug Sept Oct Nov Dec
Construction:   1   1   1 1 3 2 3    
Solicitation:                        
Noise:                        
Tree Related:     2             1    
Animal Related:                        
All Others:               1        
Total Ordinance Violations:   1 2 1   1 1 4 2 4    

Traffic Initiatives:

Ordinance Violations:

Police Activity:

Chief of Police Report ‐ 2022

Fleet:

Possible Liabilities (PD Employees Only)

Staffing: 
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Jan Feb March Apr May June July Aug Sept Oct Nov Dec
Total time spent on traffic 
initiatives (hours):                         
Total Citations/Warnings issued 
during traffic initiatives: 5 32 49 72 74 44 8 15 90 6    

Jan Feb March Apr May June July Aug Sept Oct Nov Dec
Total Citations issued: 5 30 43 59 70 61 36 48 76 42    
Total Warnings issued:   9 11 23 18 20 9 10 30 45    
Total Citations and Warnings: 5 39 54 82 88 81 44 58 106 87    
Type of Violations      
Total Parking Violations:   6 5 17 6 1     1 34    
Moving Violations: 2 33 40 58 46 65 25 42 45 68    
Equipment Violations: 3 6 9 7 36 8 20 16 30 9    
Total Violations: 5 45 54 82 88 74 45 58 76 111    
Location of Traffic Stops      
City Roadways: 1 14 12 24 27 20 9 22 26 41    
Bee Caves Road: 4 25 42 38 45 54 36 26 76 77    
Total Traffic Stops: 5 39 54 62 72 74 45 48 102 118    

Traffic Enforcement:
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CITY OF ROLLINGWOOD MONTHLY STATS
Municipal Court

Column1 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Traffic 58 58

State Law 0 0
City Ordinance 25 25

Parking 2 2
Total Violations 85            85

Paid Fine Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Traffic 24 24

State Law 1 1
City Ordinance 7 7

Parking 1 1
Total Paid Fines 33            33

Before Judge Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Traffic 24 24

State Law 0 0
City Ordinance 0 0

Parking 0 0

Total Before Judge 24           24
By Jury Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total

Total 0 0
Column1 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total

Total Completed 57            57

Dismissed DSC. Sec. 
2 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total

Traffic 16 16
State Law 0 0

City Ordinance 0 0
Parking 0 0
Total 16            16

Dismissed After 
Deferred Disp. Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total

Traffic 2 2
State Law 0 0

City Ordinance 0 0
Parking 0 0
Total 2            2

Dismissed By 
Presenting Insurance Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total

Traffic 1 1
Total 1            1

Voided Docket Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Traffic 0 0

City of Rollingwood Monthly Stats - Fiscal Year 2022-2023
Municipal Court

Violations Filed by Date

Completed Cases

Other Completed
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CITY OF ROLLINGWOOD MONTHLY STATS
Municipal Court

State Law 0 0
Parking 0 0

City Ordinance 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0

Dismissed by Judge Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Traffic 0 0

State Law 0 0
City Ordinance 0 0

Parking 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0

Dismissed/ 
Compliance Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total

Traffic 9 9
State Law 0 0

City Ordinance 0 0
Parking 0 0
Total 9            9

Dismissed by 
Prosecutor Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total

Traffic 0 0
State Law 0 0

City Ordinance 0 0
Parking 0 0
Total 0            0

Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Total other 
Completed 28            28

Grand Total 
Completed 85            85

Issued Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Traffic 27 27

State Law 1 1
City Ordinance 0 0

Parking 0 0
Total Warrants 

Issued 28            28

Cleared Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Traffic 13 13

State Law 0 0
City Ordinance 0 0

Parking 0 0
Total Warrants 

Cleared 13            13

Change in Total 
Warrants 15 15

Paid Fines Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Total Other Paid 

Fines 8 8

Warrants

Other Paid Cases
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CITY OF ROLLINGWOOD MONTHLY STATS
Municipal Court

Paid Fines Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Municipal Court Clerk 33 33

Online 42 42
Total 75            75

Column1 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Administrative Fee -$              

Administrative $20.00 -$              
Arrest Fee 369.68$         369.68$         

Bond Fortfeiture -$              
CCC04-Consolidated 

Court Cost -$              
CS2 Child Safety Fee -$              

Civil Justice Fee Court -$              

Civil Justice Fee State -$              
Court Tech Fund -$              
DSC Admin Fee 122.24$         122.24$         

Fine 6,920.60$      6,920.60$      
Indigent Defense Fee -$              
JFCI- Judicial Fee - 

City -$              
JFCT2-Judicial Fee- 

State -$              

Muni. Court Bldg. Sec. -$              
State Jury Fee -$              

State Traffic Fee 2,148.46$      2,148.46$      
TFC 128.91$         128.91$         

Truancy Prevention -$              
Omni Fees State -$              

Omni Base Vendor -$              
Local Munucipal Jury 

Fund (LMJF) 7.35$             7.35$             
CCC 2020 (CCC20) 4,088.65$      4,088.65$      

Local Court 
Technology Fund 295.80$         295.80$         

Local Truancy 
Prevention Fund 369.68$         369.68$         
State Traffic Fee 

(STF19) -$              
Local Building
Security Fund

(LMCBSF) 362.33$         362.33$         
Local Omni Base Fee -$              

Time Pmt. Plan - Local -$              
Time Pmt. Plan - 

Effiency -$              

Fees and Fines Paid  FY 2021-2022

Payment Process Methods
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CITY OF ROLLINGWOOD MONTHLY STATS
Municipal Court

Time Pmt. Plan - State -$              
Warrant Fee 400.00$         400.00$         

Collection Agency Fee -$              

Total Fees/Fines Paid 15,213.70$    -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              -$              15,213.70$    
-$              
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CITY OF ROLLINGWOOD MONTHLY STATS

Sales Tax Revenue

Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Total
Current 

Average
82,262.51 82,263 82,263

Oct-21 Nov-21 Dec-21 Jan-22 Feb-22 Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Total
12 Month            

Average
72,380.73 79,529.64 84,255.00 81,958.78 82,911.62 128,709.17 65,708.05 76,333.56 76,333.56 86,675.43 89,293.24 173,811.51 1,097,900 91,492

Comparison by 

Month
Oct Nov Dec Jan Feb Mar April May June July Aug Sept Total To Date

Total Increase or 

Decrease
9,882 -79,530 -84,255 -81,959 -82,912 -128,709 -65,708 -76,334 -76,334 -86,675 -89,293 -173,812 -$1,015,638  

Total % Increase 

or Decrease
13.65% -100.00% -100.00% -100.00% -100.00% -100.00% -100.00% -100.00% -100.00% -100.00% -100.00% -194.65% -253.25%  

Total: $75,721.44

Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21 Jun-21 Jul-21 Aug-21 Sep-21
70,776.65 74,920.30 79,286.51 77,436.97 65,213.56 69,320.28 61,788.83 97,371.56 80,219.56 70,604.82 78,433.91 83,284.29

Total: $79,442.63

Oct-19 Nov-19 Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20
91,077 74,497 81,278 83,217 100,946 83,922 69,958 96,980 52,200 65,591 76,475 77169.25

Total: $72,469

Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19
67,571 73,123 77,158 71,452 80,971 72,136 96,237 79,896 91,090 72,701 87,223 70.733

Total: $70,503
Oct-17 Nov-17 Dec-17 Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 Jul-18 Aug-18 Sep-18
70,733 72,033 70,289 55,644 57,445 57,218 60,690 58,942 82,731 131,881 71,529 56,898

Sales Tax Revenues FY 2016-2017 Total: $53,054
Oct-16 Nov-16 Dec-16 Jan-17 Feb-17 Mar-17 Apr-17 May-17 Jun-17 Jul-17 Aug-17 Sep-17
60,763 52,993 50,776 58,251 58,466 48,582 57,935 53,949 50,885 53,050 58,131 58,131

Total: $53,054
Oct-15 Nov-15 Dec-15 Jan-16 Feb-16 Mar-16 April-16 May-16 June-16 July-16 Aug-16 Sept-16
47,352 60,770 52,993 50,776 58,251 58,466 48,582 57,935 53,949 50,885 53,050 43,645

 
Total: $55,087

Oct-14 Nov-14 Dec-14 Jan-15 Feb-15 Mar-15 April-15 May-15 June-15 July-15 Aug-15 Sept-15
52,711 53,417 60,449 55,382 70,179 60,870 43,543 51,854 60,473 48,865 51,030 52,271

Total: $53,113
Oct-13 Nov-13 Dec-13 Jan-14 Feb-14 Mar-14 Apr-14 May-14 June-14 July-14 Aug-14 Sept-14
55,277 49,054 61,523 58,436 62,246 49,770 48,155 52,803 50,076 50,043 50,828 49,150

$636,653 12 Mo. Avg.

Sales Tax Revenues FY 2017-2018

FY 2022-2023

FY 2021-2022

$846,033 12 Mo. Avg.

Sales Tax Revenues FY 2018-2019 $869,629 12 Mo. Avg.

Sales Tax Revenues FY 2019-2020 $953,312 12 Mo. Avg.

Sales Tax Revenues FY 2020-2021 $908,657 12 Mo. Avg.

Sales Tax Revenues FY 2013-2014 $637,361 12 Mo. Avg.

Sales Tax Revenues FY 2015-2016 $636,653 12 Mo. Avg.

Sales Tax Revenues FY 2014-2015 $661,044 12 Mo. Avg.
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OPERATOR’S REPORT 

City of Rollingwood  

November 16, 2022
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MEMORANDUM 

To: Ms. Ashley Wayman, City Administrator, City of Rollingwood 
From: Andrew Hunt, Crossroads Utility Services LLC 
Subject:  Monthly Report   
Date: 11/3/22 

Previous Directives 

• No directives

Current Operations Report 

I. Utility Operations Report

A. Billing Report/ Water Accountability – Please see enclosed water operations report

a. Bac-t samples have been pulled for October 2022 – all clean samples

B. Water System Operations and Maintenance –

a. 2600 Hatley – We repaired a pin hole leak in the main
b. 5015 Timberline – Responded to damaged waterline
c. 1003 Ewing- We repaired a 1” service line.

C. Wastewater Collection System Operations and Maintenance -

a. No issues

D. Lift Station Maintenance – See enclosed report

II. Customer Service Issues – No reported issues

III. Emergency Response Items – No new items. We are awaiting the plan for generator installations at
the lift stations.

IV. Drought Contingency Plan / Watering Restrictions

a. Lake Travis Level – 640.36 – Current Storage 524,235 acre-feet (46% full)
b. The City of Austin is currently in Stage 1 watering restrictions – (twice per week watering)

2
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City of Austin Stage 1 Restrictions – effective June 6, 2022 

As a result of the combined storage in Lake Travis and Lake Buchanan falling below 1.4 million acre-feet, the City 
of Austin has implemented Drought Stage One Regulations of its Drought Contingency Plan effective June 6, 
2022. 

The City of Austin is currently in Stage 1 Drought Water Use Restrictions. 

• Residential

• Hose-end Sprinklers - two days per week - midnight to 8 a.m. and/or 7 p.m. to midnight

• Even address - Thursday, Sunday

• Odd address - Wednesday, Saturday

• Automatic Irrigation -one day per week - midnight to 8 a.m. and/or 7 p.m. to
midnight (Residential customers may also water a second day with a hose-end sprinkler)

• Even address - Thursday

• Odd address - Wednesday

• Commercial / Multi-family / Public Schools

• Hose-end Sprinklers or Automatic Irrigation - one day per week - midnight to 8 a.m. and/or 7
p.m. to midnight

• Even address - Tuesday

• Odd address - Friday

• Wasting water is prohibited

• Washing vehicles at home is permitted with an auto shut-off hose or bucket

• Charity car washes may only be held at a commercial car wash

• Fountains must recirculate water

• Restaurants may not serve water unless requested by a customer

• Patio misters at commercial properties (including restaurants and bars) may only operate between 4
p.m. and midnight

• Commercial power/pressure washing equipment must meet efficiency requirements

3
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MEMORANDUM  
 
To:  Ms. Ashley Wayman, City of Rollingwood   
From:  Andrew Hunt, Crossroads Utility Services LLC 
Subject:  Lift Station Report Detail  
Date:  11/3/22 
 
 

1. Lift Station 1 – Dellana Ln. 
• No issues to report 

 
1. Lift Station 2 – Hatley Dr. 

• Trouble shot an issue related to the transducer 
• Ordered new backup dailer – dailer control board was shutting down intermittently  

 
1. Lift Station 3 – Almarion Way 

• No issues to report 
 

1. Lift Station 4- Rockway Cv. 
• Phone line issue reported to ATT 

2. Lift Station 5 – Vale Dr. 
• No issues to report 

3. Lift Station 6 – Pleasant Cv. 
• No issues to report 
 

4. Lift Station 7 – Nixon Dr. 
• No issues to report 

 

4
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Water Utilities Division

Monthly Operational Report For Public Water Systems Purchasing Treated Water From Another System

Which Uses Surface Water Sources or Groundwater Sources Under The Influence of Surface Water

PUBLIC WATER SYSTEM NAME: City of Rollingwood System I.D. #: 2270016

Month: October 2022 Submitted by: Date:

No. of Connections: 537 License #: Grade:

          TREATED WATER PURCHASED FROM A WHOLESALE SUPPLIER

Date Quantity (mgd) Date Quantity (mgd)         Monthly Summary  (mgd)

1 0.542 16 0.457     Total

2 0.542 17 0.415     Monthly

3 0.570 18 0.424     Purchase: 16.163

4 0.683 19 0.410

5 0.700 20 0.948     Average

6 0.614 21 0.438     Daily: 0.521

7 0.516 22 0.440

8 0.516 23 0.441     Maximum

9 0.517 24 0.430     Daily: 0.948

10 0.579 25 0.430

11 0.655 26 0.551     Minimum

12 0.716 27 0.432     Daily: 0.366

13 0.711 28 0.375

14 0.455 29 0.375

15 0.457 30 0.376

31 0.475

 

 

            DISTRIBUTION SYSTEM

 (DISINFECTANT RESIDUAL MONITORING)

    Minimum allowable disinfectant residual: 0.5 mg/L Percentage of the measurements

 below the limit this month:

    Total no. of measurements this month: 32

0% (1A)

    No. of measurements below the limit: 0

           Percentage of the measurements below the limit last month: 0% (1B)

PUBLIC NOTIFICATION

If YES, Date when Notice was Given to the:

TREATMENT TECHNIQUE VIOLATION Yes/No TCEQ Customers*

More that 5.0% of the disinfectant residuals in

the distribution system below acceptable levels

for two consecutive months? - see (1A) and (1B) NO

*  A sample copy of the Notice to the customers must accompany this report.

5
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 MASTER METER REPORT

 DISTRICT: City of Rollingwood MONTH: October 2022

 LOCATION: Bee Cave Woods I.D. #: 2270016  

METER SIZE METER SIZE TOTAL TOTAL GAL CHLORINE

#07914810 6" #18713312 3" FLOW PURCHASED RESIDUAL
DAY DATE A TH  GAL B TH GAL  TH GAL MG mg/L

Sat 1 890849 370.0 92143 148.0 518.0 0.542 2.3
Sun 2 891219 370.0 92291 148.0 518.0 0.542 2.4
Mon 3 891589 401.0 92439 148.0 549.0 0.570 2.1

Tue 4 891990 528.0 92587 143.0 671.0 0.683 2.2
Wed 5 892518 527.0 92730 157.0 684.0 0.700 1.9
Thu 6 893045 469.0 92887 129.0 598.0 0.614 2.1
Fri 7 893514 352.0 93016 148.0 500.0 0.516 2.1
Sat 8 893866 352.0 93164 148.0 500.0 0.516 2.2
Sun 9 894218 352.0 93312 149.0 501.0 0.517 2.1
Mon 10 894570 415.0 93461 157.0 572.0 0.579 2.1
Tue 11 894985 505.0 93618 144.0 649.0 0.655 2.1
Wed 12 895490 542.0 93762 153.0 695.0 0.716 2.3
Thu 13 896032 556.0 93915 144.0 700.0 0.711 2.2
Fri 14 896588 278.0 94059 157.0 435.0 0.455 2.1
Sat 15 896866 279.0 94216 158.0 437.0 0.457 2.0
Sun 16 897145 279.0 94374 158.0 437.0 0.457 2.0
Mon 17 897424 257.0 94532 147.0 404.0 0.415 2.2
Tue 18 897681 254.0 94679 166.0 420.0 0.424 2.2
Wed 19 897935 255.0 94845 150.0 405.0 0.410 2.5
Thu 20 898190 690.0 94995 224.0 914.0 0.948 2.3
Fri 21 898880 300.0 95219 117.0 417.0 0.438 2.3
Sat 22 899180 301.0 95336 117.0 418.0 0.440 2.5
Sun 23 899481 301.0 95453 118.0 419.0 0.441 2.5
Mon 24 899782 270.0 95571 157.0 427.0 0.430 2.1
Tue 25 900052 268.0 95728 147.0 415.0 0.430 2.3
Wed 26 900320 411.0 95875 134.0 545.0 0.551 2.2
Thu 27 900731 266.0 96009 156.0 422.0 0.432 2.1
Fri 28 900997 208.0 96165 148.0 356.0 0.366 2.2
Sat 29 901205 208.0 96313 148.0 356.0 0.366 2.7
Sun 30 901413 208.0 96461 149.0 357.0 0.367 2.3
Mon 31 901621 309.0 96610 149.0 458.0 0.475 2.3
Tue 1 901930 96759

Total 11081.0 4616.0 15697.0 16.2

Avg. 357.5 148.9 506.4 0.521 2.2

Max. 690.0 224.0 914.0 0.948 2.7

Min. 208.0 117.0 356.0 0.366 1.9

Operator:

6

Page 377 33.



 MASTER METER REPORT

 DISTRICT: City of Rollingwood MONTH:October 2022

 LOCATION: Riley MM I.D. #: 2270016

METER SIZE METER SIZE TOTAL
No S/N 6" No S/N 3" FLOW

DAY DATE A TH  GAL B TH  GAL  TH GAL

Sat 1 471 0.0 3421 24.0 24.0
Sun 2 471 0.0 3445 24.0 24.0
Mon 3 471 0.0 3469 21.0 21.0
Tue 4 471 0.0 3490 12.0 12.0
Wed 5 471 0.0 3502 16.0 16.0
Thu 6 471 0.0 3518 16.0 16.0
Fri 7 471 0.0 3534 16.0 16.0
Sat 8 471 0.0 3550 16.0 16.0
Sun 9 471 0.0 3566 16.0 16.0
Mon 10 471 0.0 3582 7.0 7.0
Tue 11 471 0.0 3589 6.0 6.0
Wed 12 471 0.0 3595 21.0 21.0
Thu 13 471 0.0 3616 11.0 11.0
Fri 14 471 0.0 3627 20.0 20.0
Sat 15 471 0.0 3647 20.0 20.0
Sun 16 471 0.0 3667 20.0 20.0
Mon 17 471 0.0 3687 11.0 11.0
Tue 18 471 0.0 3698 4.0 4.0
Wed 19 471 0.0 3702 5.0 5.0
Thu 20 471 0.0 3707 34.0 34.0
Fri 21 471 0.0 3741 21.0 21.0
Sat 22 471 0.0 3762 22.0 22.0
Sun 23 471 0.0 3784 22.0 22.0
Mon 24 471 0.0 3806 3.0 3.0
Tue 25 471 0.0 3809 15.0 15.0
Wed 26 471 0.0 3824 6.0 6.0
Thu 27 471 0.0 3830 10.0 10.0
Fri 28 471 0.0 3840 19.0 19.0
Sat 29 471 0.0 3859 19.0 19.0
Sun 30 471 0.0 3878 19.0 19.0
Mon 31 471 0.0 3897 17.0 17.0
Tue 1 471 3914

Total 0.0 493.0 493.0
Avg. 0.0 15.9 15.9
Max. 0.0 34.0 34.0
Min. 0.0 3.0 3.0

Operator:
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 MASTER METER REPORT

 DISTRICT: City of Rollingwood MONTH: October 2022

 LOCATION: Hatley MM I.D. #: 2270016

METER SIZE METER SIZE TOTAL
No S/n 6" #151074A 3" FLOW

DAY DATE A TH  GAL B TH  GAL  TH GAL

Sat 1 78 0.0 6826 0.0 0.0
Sun 2 78 0.0 6826 0.0 0.0
Mon 3 78 0.0 6826 0.0 0.0
Tue 4 78 0.0 6826 0.0 0.0
Wed 5 78 0.0 6826 0.0 0.0
Thu 6 78 0.0 6826 0.0 0.0
Fri 7 78 0.0 6826 0.0 0.0
Sat 8 78 0.0 6826 0.0 0.0
Sun 9 78 0.0 6826 0.0 0.0
Mon 10 78 0.0 6826 0.0 0.0
Tue 11 78 0.0 6826 0.0 0.0
Wed 12 78 0.0 6826 0.0 0.0
Thu 13 78 0.0 6826 0.0 0.0
Fri 14 78 0.0 6826 0.0 0.0
Sat 15 78 0.0 6826 0.0 0.0
Sun 16 78 0.0 6826 0.0 0.0
Mon 17 78 0.0 6826 0.0 0.0
Tue 18 78 0.0 6826 0.0 0.0
Wed 19 78 0.0 6826 0.0 0.0
Thu 20 78 0.0 6826 0.0 0.0
Fri 21 78 0.0 6826 0.0 0.0
Sat 22 78 0.0 6826 0.0 0.0
Sun 23 78 0.0 6826 0.0 0.0
Mon 24 78 0.0 6826 0.0 0.0
Tue 25 78 0.0 6826 0.0 0.0
Wed 26 78 0.0 6826 0.0 0.0
Thu 27 78 0.0 6826 0.0 0.0
Fri 28 78 0.0 6826 0.0 0.0
Sat 29 78 0.0 6826 0.0 0.0
Sun 30 78 0.0 6826 0.0 0.0
Mon 31 78 0.0 6826 0.0 0.0
Tue 1 78 6826

Total 0.0 0.0 0.0
Avg. 0.0 0.0 0.0
Max. 0.0 0.0 0.0
Min. 0.0 0.0 0.0

Operator:

8
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1120 S. Capital of TX Hwy, CityView 2, Suite 100 
Austin, Texas 78746 
P: 512.338.1704 
TBPE Firm No. 6535 

CITY OF ROLLINGWOOD 

MONTHLY ENGINEERING REPORT 

November 9, 2022 

 
Includes Activities and Services from October 1, 2022 to October 31, 2022 
 
1. Site Development Plans (Drainage) and RSDP Review 

a. Drainage Plan Reviews 

KFA 
Task No. Project Address Status 

Date 
Returned 

315 4919 Timberline Dr Approved 10/5/2022 
321 104 Riley Road In review - 
348 3225 Park Hills Drive Approved 10/7/2022 
371 402 Inwood Post Approval Questions 10/14/2022 
376 4815 Timberline Dr Approved 10/5/2022 
382 301 Pleasant Drive Approved 

In review for post-approval 
revisions 

10/25/2022 
- 

388 208 Ashworth Returned with comments 10/17/2022 
390 2803 Pickwick Approved 10/31/2022 
395 5004 Timberline Approved 10/19/2022 
397 302 Vale In review - 
401 4707 Timberline Dr Returned with comments 10/6/2022 

 

b. Residential Stormwater Discharge Permit (RSDP) 

 
KFA 

Task No. Project Address Status 
Date 

Returned 
- - - - 

 
 

c. Drainage Plan Inspections 

KFA 
Task No. Project Address Status 

Date 
Returned 

- - - - 
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City of Rollingwood 
Engineer’s Monthly Report 
August 17, 2022 
Page 2 of 5 
 
 

2. Zoning Reviews for Site Development Plans  

 

 

KFA 
Task No. Project Address Status 

Date 
Returned 

659 4815 Timberline Returned Comments 
Completed 

9/26/2022 
10/3/2022 

654 5014 Timberline Completed 10/6/2022 
638 3225 Park Hills Drive Completed 10/6/2022 
686 303 Inwood Returned Answer to 

Variance Question 
10/17/2022 

682 5 Timberline Ridge Returned Comments 
Returned Comments 
Returned Comments 

9/13/2022 
10/10/2022 
10/18/2022 

653 402 Inwood Returned Answers to 
Zoning Questions 

10/14/2022 

686 302 Inwood Returned Answers to 
Zoning Questions 

10/24/2022 

667 208 Ashworth Returned Comments 
Returned Comments 

9/13/2022 
10/31/2022 

664 301 Pleasant Returned Comments 
Returned Comments 
Completed per Nikki 
Returned Comments 
Returned Answers to 
Applicant Questions 
Returned Answers to 
Applicant Questions 

7/19/2022 
8/8/2022 
9/8/2022 

10/12/2022 
10/25/2022 

 
10/27/2022 

678 302 Vale Returned Comments 
Returned Answers to 
Applicant Questions 

8/22/2022 
10/5/2022 

624 104 Riley Rd Returned Comments 
Returned Comments 

9/2/2022 
10/31/2022 

670 2803 Pickwick Returned Comments 10/4/2022 

685 4707 Timberline Returned Comments 
Returned Comments 
Stop Work Order 
Questions Answered 

10/6/2022 
10/10/2022 
10/14/2022 

675 5004 Timberline Returned Comments 
Returned Comments 
Returned Comments 

8/9/2022 
9/22/2022 

10/18/2022 
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City of Rollingwood 
Engineer’s Monthly Report 
August 17, 2022 
Page 3 of 5 
 
3. Plat Reviews 

KFA 
Task No. Project Address Status 

Date 
Returned 

- - - - 

 

4. Right-of-Way Reviews 

KFA 
Task No. Project Address Status 

Date 
Returned 

- - - - 

 

5. WORK AUTHORIZATION PROJECT UPDATES 

Project Project Summary Status Next steps 
WA03 Hubbard, 
Hatley, Drainage 
Improvements 
PS&E 

Preparation of plans, 
specifications and estimates for 
the development of a 
construction bid package. 
Option 2 from the PER has 
been selected as the preferred 
option which proposes to 
construct a storm drain system 
from the creek at Almarion Way 
extending upstream to Hatley, 
Hubbard and Pickwick.  
 
 
 

Intention will be to bid 
this package together 
with the Nixon/Pleasant 
project. 
 
KFA on hold pending 
easement coordination, 
design, coordination by 
City staff. 
 
. 

Property owner 
coordination may 
result in supplemental 
services. Final design 
to proceed once 
scope and easements 
are resolved.   
 
Easement/homeowner 
coordination.  
 
 
 
 

WA04 
Nixon/Pleasant 
Drainage 
Improvements 
PS&E 

Preparation of plans, 
specifications and estimates for 
the development of a 
construction bid package. This 
will include channel 
improvements and Segment 1 
of the storm sewer 
improvements.  
 

Intention will be to bid 
this package together 
with the Hubbard/Hatley 
project. 
 
KFA on hold pending 
easement coordination, 
design, coordination by 
City staff. 
 
Marking easement and 
improvement location in 
the field 
 
Addressing property 
owner concerns. 
 

Property owner 
coordination may 
result in supplemental 
services. Final design 
to proceed once 
scope and easements 
are resolved.   
 
Easement/homeowner 
coordination.  
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City of Rollingwood 
Engineer’s Monthly Report 
August 17, 2022 
Page 4 of 5 
 
6. General Engineering Services 

Task  Assignment Summary Status Next steps 
General Coordination with City staff regarding 

on-going development review 
services, engineering services, 
monthly report preparation and 
attendance of meetings at City’s 
request.   

On-Going. 
 
Bi-weekly meetings. 
 
City timeline of 
recurring activities.  

Regular recurring 
activities 
  

Development 
Services 

Coordination with City staff regarding 
on-going development services, 
MyPermitNow Support, and meeting 
with staff and applicants as 
requested.  

Building and 
development services 
and coordination with 
staff. 
 
MyPermitNow (MPN) 
support and 
coordination with 
Development Services 
Manager. 
 
Entering permits into 
MPN. 

Continued 
coordination and 
support.  
  

Water/Wastewater 
System Modeling 
& Mapping 
Updates 

Data gathering and review of 
water/wastewater system 
infrastructure mapping.  
 
Develop/update wastewater and 
water system model updates to 
evaluate current and future system 
capacity needs.  
 
Utilize model to plan for infrastructure 
repairs, upgrades, and future growth 
needs. 

None. Updating models as 
needed. 

Water/Wastewater 
System  

Coordination/support with Crossroads 
regarding infrastructure such as 
valves, pressure planes, and 
infrastructure.  
 

None. 
 

Continue 
coordination to 
support mapping and 
KFA modeling 
efforts. 
 
 

Stratford Drive / 
Riley Road Traffic 
Reconfiguration 

Reconfigure City of Austin 
intersection at Stratford and Riley to 
prevent traffic from Zilker Park cutting 
across neighborhood. Explore 
potential traffic calming solutions. 
 
City/KFA coordination with City of 
Austin on design solution. 

COA wants to remove 
left turn restrictions. 
Currently have 
removable delineators, 
pavement markings 
and no left turn signs 
to discourage left turns 
from Stratford Dr. 

None. 
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Task  Assignment Summary Status Next steps 
GIS KFA to send quarterly updates for the 

City GIS layers. 
On-going  
 
GIS exhibits and 
mapping updates as 
requested. 

GIS exhibits and 
mapping updates as 
needed. 
 

MS4 Compliance Coordination with City staff on 
compliance with the Storm Water 
Management Permit for the 2022 
calendar year. 

On-going  
 
Continue coordination 
and compliance efforts 
for permit compliance. 

Continue compliance 
coordination for 
2022.  
 

 
Submitted By, 
 
 
 
Tyson Hasz, PE  
Project Engineer 
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November 1, 2022

City of Rollingwood
403 Nixon Drive
Rollingwood, Texas  78746

Honorable Mayor and Members of the City Council:

 
1. Cost of Purchased Gas @ 14.73 PSIA........................................................................$7.2871

2. Cost of Purchased Gas @ 14.65 PSIA........................................................................$7.2476

3. Purchase/Sales Ratio...............................................................................................1.0008

4. Commodity Cost (Line 2 x Line 3)..........................................................................................................$7.2534

5. Reconciliation Factor....................................................................................................................................................$0.4805

6. Other Cost..........................................................................................................................................................................$0.0000

7. Subtotal (Line 4 + Line 5 + Line 6).................................................................................................................$7.7339

8. Revenue-associated Fees and Taxes.....................................................................................................$0.0000

9. Cost of Gas (Line 7 + Line 8)...........................................................................................................................................$7.7339 / Mcf 

$0.7734 / Ccf

   

Sincerely,

Lisa Wattinger

Lisa Wattinger, Manager
Gas Supply

Pursuant to the Cost of Gas Clause currently in effect for the Central-Gulf service area, the following is the determination of 
the cost of gas to be used for billings in November 2022:

Billings using the cost of gas as determined above will begin with meters read on and after October 27, 2022 and end with 
meters read on and after November 28, 2022.
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