
 
   

 
 
 

 
 
 
 

 
 
TO:  The Coastal Resources Commission 
 
FROM: Christine A. Goebel, DEQ Assistant General Counsel 
 
DATE:  November 12, 2025 (for the November19-20, 2025 CRC Meeting) 
 
RE: Variance Request by Andrew Krichman/Deep Water Management, Inc. 

(CRC-VR-24-11) 
 
Petitioners are Deep Water Management, Inc. and its Incorporator Andrew Krichman. Petitioners 
own property located at 813 Canal Drive in Carolina Beach, New Hanover County.  Petitioners 
seek to retain artificial turf within the Commission’s 30-foot buffer at the Site after installing it 
without understanding it was not allowed by the Commission’s rules, specifically 15A NCAC 7H 
.0209. As part of the Notice of Violation and Restoration Plan, Petitioners sought a CAMA Minor 
Permit which was denied by the Carolina Beach CAMA LPO on January 20, 2024.  Petitioners 
and Staff agreed to postpone this variance hearing until after the CRAC finished their consideration 
of artificial turf at the November 2024, February 2025 and April 2025 meetings. Petitioners now 
seek a variance to retain the artificial turf within the 30-foot buffer as proposed in their permit 
application.  
  
The following additional information is attached to this memorandum: 
 
Attachment A:  Relevant Rules 
Attachment B:  Stipulated Facts 
Attachment C:  Petitioner’s Positions and Staff’s Responses to Variance Criteria 
Attachment D:  Petitioner’s Variance Request Materials 
Attachment E:  Stipulated Exhibits including powerpoint 
 
cc(w/enc.):  Mr. Andrew Krichman, Petitioner, electronically 
   Haley Moccia, Town of CB CAMA LPO, electronically 
   Sarah Zambon, Assistant AG and CRC Counsel, electronically 
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Relevant Rules 

15A NCAC 07H .0209 COASTAL SHORELINES 

(a) Description. The Coastal Shorelines category includes estuarine shorelines and public trust 
shorelines. 

(1) Estuarine shorelines AEC are those non-ocean shorelines extending from the normal high 
water level or normal water level along the estuarine waters, estuaries, sounds, bays, fresh and 
brackish waters, and public trust areas as set forth in an agreement adopted by the Wildlife 
Resources Commission and the Department of Environmental Quality [described in Rule 
.0206(a) of this Section] for a distance of 75 feet landward. For those estuarine shorelines 
immediately contiguous to waters classified as Outstanding Resource Waters (ORW) by the 
Environmental Management Commission (EMC), the estuarine shoreline AEC shall extend 
to 575 feet landward from the normal high water level or normal water level, unless the 
Coastal Resources Commission establishes the boundary at a greater or lesser extent following 
required public hearing(s) within the affected county or counties. 

(2) Public trust shorelines AEC are those non-ocean shorelines immediately contiguous to 
public trust areas, as defined in Rule 07H .0207(a) of this Section, located inland of the 
dividing line between coastal fishing waters and inland fishing waters as set forth in that 
agreement and extending 30 feet landward of the normal high water level or normal water 
level. 

(b) Significance. Development within coastal shorelines influences the quality of estuarine and 
ocean life and is subject to the damaging processes of shore front erosion and flooding. The coastal 
shorelines and wetlands contained within them serve as barriers against flood damage and control 
erosion between the estuary and the uplands. Coastal shorelines are the intersection of the upland 
and aquatic elements of the estuarine and ocean system, often integrating influences from both the 
land and the sea in wetland areas. Some of these wetlands are among the most productive natural 
environments of North Carolina and they support the functions of and habitat for many valuable 
commercial and sport fisheries of the coastal area. Many land-based activities influence the quality 
and productivity of estuarine waters. Some important features of the coastal shoreline include 
wetlands, flood plains, bluff shorelines, mud and sand flats, forested shorelines and other important 
habitat areas for fish and wildlife. 

(c) Management Objective. All shoreline development shall be compatible with the dynamic 
nature of coastal shorelines as well as the values and the management objectives of the 
estuarine and ocean system. Other objectives are to conserve and manage the important 
natural features of the estuarine and ocean system so as to safeguard and perpetuate their 
biological, social, aesthetic, and economic values; to coordinate and establish a management 
system capable of conserving and utilizing these shorelines so as to maximize their benefits 
to the estuarine and ocean system and the people of North Carolina. 

(d) Use Standards. Acceptable uses shall be those consistent with the management objectives in 
Paragraph (c) of this Rule. These uses shall be limited to those types of development activities that 
will not be detrimental to the public trust rights and the biological and physical functions of the 
estuarine and ocean system. Every effort shall be made by the permit applicant to avoid or 
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minimize adverse impacts of development to estuarine and coastal systems through the planning 
and design of the development project. Development shall comply with the following standards: 

(1) All development projects, proposals, and designs shall preserve natural barriers to erosion, 
including peat marshland, resistant clay shorelines, and cypress-gum protective fringe areas 
adjacent to vulnerable shorelines. 

(2) All development projects, proposals, and designs shall limit the construction of impervious 
surfaces and areas not allowing natural drainage to only so much as is necessary to service the 
primary purpose or use for which the lot is to be developed. Impervious surfaces shall not 
exceed 30 percent of the AEC area of the lot, unless the applicant can demonstrate, through 
innovative design, that the protection provided by the design would be equal to or exceed the 
protection by the 30 percent limitation. Redevelopment of areas exceeding the 30 percent 
impervious surface limitation shall be permitted if impervious areas are not increased and the 
applicant designs the project to comply with the rule to the maximum extent feasible. 

(3) All development projects, proposals, and designs shall comply with the following 
mandatory standards of the North Carolina Sedimentation Pollution Control Act of 1973: 

(A) All development projects, proposals, and designs shall provide for a buffer zone along 
the margin of the estuarine water that is sufficient to confine visible siltation within 25 
percent of the buffer zone nearest the land disturbing development. 

(B) No development project proposal or design shall propose an angle for graded slopes or 
fill that is greater than an angle that can be retained by vegetative cover or other erosion-
control devices or structures. 

(C) All development projects, proposals, and designs that involve uncovering more than 
one acre of land shall plant a ground cover sufficient to restrain erosion within 30 working 
days of completion of the grading; unless the project involves clearing land for the purpose 
of forming a reservoir later to be inundated. 

(4) Development shall not have a significant adverse impact on estuarine and ocean resources. 
Significant adverse impacts include development that would directly or indirectly impair 
water quality increase shoreline erosion, alter coastal wetlands or Submerged Aquatic 
Vegetation (SAV), deposit spoils waterward of normal water level or normal high water, or 
cause degradation of shellfish beds. 

(5) Development shall not interfere with existing public rights of access to, or use of, navigable 
waters or public resources. 

(6) No public facility shall be permitted if such a facility is likely to require public 
expenditures for maintenance and continued use, unless it can be shown that the public 
purpose served by the facility outweighs the required public expenditures for construction, 
maintenance, and continued use. 

(7) Development shall not cause irreversible damage to valuable, historic architectural or 
archaeological resources as documented by the local historic commission or the North 
Carolina Department of Natural and Cultural Resources. 
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(8) Established common-law and statutory public rights of access to the public trust lands and 
waters in estuarine areas shall not be eliminated or restricted. Development shall not encroach 
upon public accessways nor shall it limit the use of the accessways. 

(9) Within the AECs for shorelines contiguous to waters classified as ORW by the EMC, no 
CAMA permit shall be approved for any project that would be inconsistent with rules adopted 
by the CRC, EMC or MFC for estuarine waters, public trust areas, or coastal wetlands. For 
development activities not covered by specific use standards, no permit shall be issued if the 
activity would, based on site-specific information, degrade the water quality or outstanding 
resource values. 

(10) Within the Coastal Shorelines category (estuarine and public trust shoreline AECs), 
new development shall be located a distance of 30 feet landward of the normal water 
level or normal high water level, with the exception of the following: 

(A) Water-dependent uses as described in Rule 07H .0208(a)(1) of this Section; 

(B) Pile-supported signs (in accordance with local regulations); 

(C) Post- or pile-supported fences; 

(D) Elevated, slatted, wooden boardwalks exclusively for pedestrian use and six feet in width or 
less. The boardwalk may be greater than six feet in width if it is to serve a public use or need; 

(E) Crab Shedders, if uncovered with elevated trays and no associated impervious surfaces except 
those necessary to protect the pump; 

(F) Decks/Observation Decks limited to slatted, wooden, elevated and unroofed decks that shall 
not singularly or collectively exceed 200 square feet; 

(G) Grading, excavation and landscaping with no wetland fill except when required by a permitted 
shoreline stabilization project. Projects shall not increase stormwater runoff to adjacent estuarine 
and public trust waters; 

(H) Development over existing impervious surfaces, provided that the existing impervious surface 
is not increased; 

(I) Where application of the buffer requirement would preclude placement of a residential structure 
with a footprint of 1,200 square feet or less on lots, parcels and tracts platted prior to June 1, 1999, 
development shall be permitted within the buffer as required in Subparagraph (d)(10) of this Rule, 
providing the following criteria are met: 

(i) Development shall minimize the impacts to the buffer and reduce runoff by limiting land 
disturbance to only so much as is necessary to construct and provide access to the residence and 
to allow installation or connection of utilities, such as water and sewer; and 

(ii) The residential structure development shall be located a distance landward of the normal high 
water or normal water level equal to 20 percent of the greatest depth of the lot. Existing structures 
that encroach into the applicable buffer area may be replaced or repaired consistent with the criteria 
set out in 15A NCAC 07J .0201 and .0211; and 
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(J) Where application of the buffer requirement set out in Subparagraph (d)(10) of this Rule would 
preclude placement of a residential structure on an undeveloped lot platted prior to June 1, 1999 
that are 5,000 square feet or less that does not require an on-site septic system, or on an 
undeveloped lot that is 7,500 square feet or less that requires an on-site septic system, development 
shall be permitted within the buffer if all the following criteria are met: 

(i) The lot on which the proposed residential structure is to be located, is located between: 

(I) Two existing waterfront residential structures, both of which are within 100 feet of the center 
of the lot and at least one of which encroaches into the buffer; or 

(II) An existing waterfront residential structure that encroaches into the buffer and a road, canal, 
or other open body of water, both of which are within 100 feet of the center of the lot; 

(ii) Development of the lot shall minimize the impacts to the buffer and reduce runoff by limiting 
land disturbance to only so much as is necessary to construct and provide access to the residence 
and to allow installation or connection of utilities; 

(iii) Placement of the residential structure and pervious decking shall be aligned no further into the 
buffer than the existing residential structures and existing pervious decking on adjoining lots; 

(iv) The first one and one-half inches of rainfall from all impervious surfaces on the lot shall be 
collected and contained on-site in accordance with the design standards for stormwater 
management for coastal counties as specified in 15A NCAC 02H .1005. The stormwater 
management system shall be designed by an individual who meets applicable State occupational 
licensing requirements for the type of system proposed and approved during the permit application 
process. If the residential structure encroaches into the buffer, then no other impervious surfaces 
shall be allowed within the buffer; and 

(v) The lots shall not be adjacent to waters designated as approved or conditionally approved 
shellfish waters by the Shellfish Sanitation Section of the Division of Marine Fisheries of the 
Department of Environmental Quality. 

*** 
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CRC-21-24 
August 31, 2021 

 
MEMORANDUM  
 
TO:   Coastal Resources Commission  
FROM:  Robb Mairs 
SUBJECT:  Artificial Turfgrass within the Coastal Shoreline Buffer   
 
The increasing use of artificial turf grass installation within the Coastal Shorelines Area of Environmental 
Concern, particularly within the 30’ buffer, has recently presented implementation issues for DCM as 
there are no standards that specifically apply to this material. Your rules restrict development within the 
30-foot buffer to water-dependent uses, which are typically docks, piers, boat ramps, bulkheads and 
accessways. There are also exceptions for limited non-water dependent uses, which include pile-
supported signs; elevated, slatted wooden boardwalks; crab shedders; decks/observation decks; grading, 
excavation, and landscaping with no wetland fill except when required by a permitted shoreline 
stabilization project. Questions have been raised about the use of artificial turf in the buffer under the 
landscaping exception. 
 
DCM staff have consulted with the DEQ Division of Energy, Mineral, and Land Resources (DEMLR) 
State Stormwater Section and with the DEQ Division of Water Resources (DWR) 401 & Buffer Programs 
for assistance in determining whether this material, as installed, would be considered pervious (if it were 
being reviewed through a state stormwater permit), and if it would be consistent with vegetative setback 
and buffer requirements. Staff from DEMLR replied that the material could be considered pervious on a 
case-by-case basis, but that they have regulations on what can be placed in a required vegetated setback 
from surface waters in coastal stormwater permits. Their rules require this area to remain vegetated unless 
one of the exceptions listed in the rules has been met, and artificial turf is not one of these exceptions. 
Staff from DWR responded that the Tar-Pamlico and Neuse River buffer rules do not include artificial 
turf grass in their respective Table of Uses and that the material would appear to contradict the intent of 
the rule to preserve buffer function for nutrient removal. Furthermore, in some cases small plastic fibers 
are mixed into the soil under the turf during installation to enhance soil compaction, and turf “infill” 
(small silica, rubber or plastic beads) is also sometimes applied to the surface of the artificial turf to stand 
up the blades following installation. DWR staff expressed concerns with the potential for these small 
plastic fibers, and rubber or silica beads, to enter nearby receiving waters and potentially lead to water 
quality standards violations.   
 
Since adoption of the 30-foot buffer rule in 2000, the Commission has had a clear intent and has been 
consistent in not allowing non-water-dependent amenities within the buffer that could undermine the 
purposes and effectiveness of the buffer. The buffer area has been identified as crucial in protecting water 
quality by filtering contaminants from runoff, allowing infiltration, stabilizing soil, slowing floodwaters 
and preserving the natural character of the shoreline. When the Commission has granted variances, it has 
usually involved a habitable structure, and these variances have typically been conditioned on the use of 
an engineered stormwater system.   
 
In order to retain the effectiveness of the 30’ buffer in filtering runoff, Staff request that the Commission 
confirm DCM’s interpretation that the application of artificial turf within an Area of Environmental 
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Concern requires a CAMA permit, and that it is not allowable under the “landscaping” exception to the 
30’ buffer at 15A NCAC 07H.0209(d)(10)(G). While DCM can permit this material within the 75’ AEC, 
it may be deemed as impervious surface based on a case-by-case review and therefore count toward the 
maximum allowable impervious surface coverage (depending on installation methods and materials, and 
any existing impervious surfaces).  

I look forward to answering any questions about this determination at our upcoming meeting. 
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 Stipulated Facts and Exhibits 

 

1. Petitioner is Deep Water Management, Inc., a North Carolina Corporation. According to filings 
with the Secretary of State, Deep Water was formed on March 3, 2022 and Andrew Krichman is 
listed as the Incorporator and President.  The Registered Agent is Kelly J Mackay at 125 S. Estes 
Drive #9400 in Chapel Hill. Andrew Krichman is the Incorporator and President of Petitioner and 
is representing Petitioner in this Variance. Copies of the creation filing and 2024 annual report are 
attached as stipulated exhibits. 
 

2. Petitioner owns property at 813 Canal Drive in Carolina Beach, New Hanover County (“Site”). 
Petitioner took title to the Site on March 8, 2022 through a deed recorded at Book 6545, Page 1527 
of the New Hanover County Registry, a copy of which is attached. The Site is Lot 17A, Block 14A 
of Carolina Beach as show in Plat Book 3, Page 67 of the New Hanover County Registry, a copy 
of which is attached. The Site is riparian in that one of the deed calls follows high water of Myrtle 
Grove Sound. The tax card, attached as a stipulated exhibit indicates the area of the Site is 3,580 
square feet (0.08 acres). 
 

3. A copy of the New Hanover County Tax Card is attached and indicates that the property is 
developed with a 2,219 square foot home elevated and remodeled in 2020, along with a bulkhead, 
a pier, a gazebo, and boat lifts for two slips. 
 

4. A search for past CAMA permits on the Site found the following:  
 

• A 2012 CAMA General Permit #60726D issued to Petitioner’s predecessors the Porters 
authorizing the reconfiguration of an existing docking facility to include a pier, a covered 
platform, and two boat slips with lifts, a copy of which is attached.  

• A permit issued on January 16, 2019 to Petitioner’s predecessors the Porters through 
CAMA Minor Permit CB19-02 for the elevation of the house through a FEMA program, a 
copy of which is attached.  

• A Permit Exemption 12-23-Ex-CB issued April 6, 2023 to Petitioner acknowledging that 
proposed maintenance and repair of a new driveway on top of an existing driveway did not 
require a CAMA permit, a copy of which is attached.  

• CAMA General Permit #90517D issued June 17, 2023 to Petitioner for the installation of 
a bulkhead, a copy of which is attached.  

 
5. The property is bounded by Myrtle Grove Sound to the west, Canal Drive, a 40’ Right-of-way to 

the east, 815 Canal Drive (owned by Amy and Paul Groff) to the north and 811 Canal Drive (owned 
by Amy and Justin Cox) to the south. That area of the Site within 75’ landward of the high water 
line of Myrtle Grove Sound is within the Coastal Shorelines AEC, including the area within 30’ of 
high water which is the Commission’s 30’ buffer area. Pursuant to G.S. § 113A-118, any 
“development” within the AEC required approval through the issuance of a CAMA permit.  
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6. The waters of Myrtle Grove Sound are classified as SB Waters by the Environmental Management 
Commission and are closed to the harvest of shellfish.   
 

7. Ground-level and aerial photographs of the site are part of a Powerpoint attached as a stipulated 
exhibit.  

 
8. This Site and the area around it are subject to  flooding- both from weather events and sunny-day 

flooding. The Site is near and inside of the area where the Town has traffic barrier arms which are 
lowered to re-route traffic when Canal Drive is flooded.  In April of 2024, the Commission saw a 
presentation about research by NCSU Assistant Professor Katherine Anarde related to Sunny Day 
Flooding in Carolina Beach. A copy of the report is attached as a stipulated exhibit. 

 
9. According to Professor Anarde’s study, Canal Drive experiences sunny day flooding over 50 days 

per year on average.  During sunny-day flooding events, water from the Yacht Basin can move 
onto Canal Drive through stormwater pipes and properties which are not bulkheaded, and onto lots 
located between Canal Drive and the Yacht Basin including the Site.  

 
10. On June 17, 2023, DCM issued Petitioner CAMA General Permit #90517D authorizing the 

installation of a bulkhead at the Site, a copy of which is attached as a stipulated exhibit. 
Photographs of the bulkhead are attached and show the elevation of the top of the bulkhead 
compared to the elevation of the Site.   

 
11. After installation of the permitted bulkhead, Petitioner had installed artificial turf on the Site, 

including within the 30’ CAMA Buffer.  Petitioner claims in his attached affidavit that he was 
unaware that the installation of artificial turf required CAMA permit approval. 

 
12. The ground on the Site waterward of the bulkhead is largely comprised of sand.  

 
13. On July 28, 2023, DCM, through Field Representative Bryan Hall issued a Notice of Violation to 

Petitioner, a copy of which is attached.  This was issued after a June 29, 2023 site visit by Mr. Hall, 
Ms. MacPherson and Petitioner--Mr. Krichman. The Restoration Plan was either to remove the 
artificial turf or to seek a CAMA Minor Permit/Denial and then seek a variance from the 
Commission to allow the turf within the 30’ Buffer.  Also attached is communication between 
DCM and Mr. Krichman. 

 
14. On or about September 18, 2023, Petitioner applied for a CAMA Minor Permit to the Town of 

Carolina Beach LPO to “install drainage pipes with pervious artificial turf designed for proximity 
to wetlands application and fastened beyond manufacturers recommendations.” A copy of the 
application materials is attached as a stipulated exhibit. Later that day the Carolina Beach CAMA 
Local Permit Officer (“LPO”) Haley Moccia emailed the Petitioner informing him of missing 
items in his application.  
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15. On October 26, 2023 the LPO emailed Petitioner with a list of remaining items needed for the 
application. On December 6, 2023 the LPO checked in again on the status of the application 
materials.  

 
16. The permit drawing, received on November 8, 2023 indicates that approximately 795 SF of 

artificial turf would be within the Commission’s 30’ Buffer area. Also, there would be a 4” 
perforated drain line within the buffer which drains to an area outside of the 75’ Coastal Shorelines 
AEC near the street. 

 
17. Another drawing received on January 30, 2024 indicates that the turf is “1000 inter/hour pervious 

Cali 73 Pinnacle Turf with Pinnacle Back Weed Blocker on top of 2” heavily compacted sand over 
filter fabric and 6” heavily compacted sand. 

 
18. The applicant submitted a laboratory testing report on January 23, 2024 to the LPO indicating that 

drainage rates were tested and rainfall capacity was tested. A copy of this report is attached as part 
of the application materials. 

 
19. Also attached as a stipulated exhibit is a copy of the 15-year warranty for Tailor Made Grass, which 

is the type installed at the Site.  
 

20. As part of the minor permitting process, notice to the adjacent riparian property owners, which 
Petitioner listed as  Paul Groff and Eric Smith, is required. As shown in the attached copies of the 
stipulated notice letters and associated USPS tracking, it appears Mr. Groff signed the notice form 
on October 20, 2023 indicating he had no objection to the project. It appears Mr. Smith signed the 
notice form on October 6, 2023 and indicated he had no objection to the project. DCM and the 
LPO did not receive any other comments on this application.  

 
21. On January 30, 2024, the Town of Carolina Beach LPO denied Petitioner’s permit application 

through a letter, a copy of which is attached.  The denial letter indicated that the artificial turf grass 
and associated 4” drainage pipe within the 30’ CAMA Buffer was inconsistent with 15A NCAC 
7H.0209(10).  
 

22. On September 25, 2024, Petitioner submitted variance petition materials to DCM.  A copy of that 
email is attached as a stipulated exhibit. Through an email later that day, DCM Counsel Ms. Goebel 
emailed petitioner to explain the process and forecast when the variance could be heard.  A copy 
of this email is attached. 

 
23. On October 1, 2024, Ms. Willis, after reviewing the petition materials, emailed Petitioner to inform 

him which materials were still needed. Petitioner submitted the needed materials on October 21, 
2024.  
 

24. Petitioner Stipulates that the Permit was properly denied as the artificial turf and associated pipe 
are not allowed within  the 30’ Buffer per 15A NCAC 7H .0209(d)(10). 
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25. Petitioner did not seek a local variance ahead of requesting this variance as generally required by 

15A NCAC 7J.0701 where the relaxation of local regulations would not eliminate/reduce the need 
for a variance from this Commission.  

 
26. Petitioner seeks a variance from the Commission’s 30’ Buffer Rule at 7H.0209(d)(10) in order to 

keep the artificial turf and associated 4” pipe within the 30’ Buffer.  
 

27. Petitioner has included a video of the site and surrounding area that was included in a Washington 
Post article/video on June 13, 2024 and reported by Brady Davis and Niko Kommenda, which 
highlighted Professor Anarde’s study. A copy of the Washington Post article and video is attached.  
 

28. The Washington  Post article illustrates the significant effects off Sunny Day Flooding and the 
damage it is causing. The article  The article reports that “Carolina Beach, N.C. routinely floods 
with sea water without rain or storms. This phenomenon is called sunny-day flooding and sea level 
rise is making it worse.” It also indicates that “As much as an additional foot of sea level rise is 
expected along this stretch of the coast by 2050” and “That, Scientists say, means that sunny day  
flooding will become only more chronic in Carolina Beach.” It concludes that the sunny-day 
flooding “forces difficult questions about how to adapt to this changing reality.”  
 

29. Assistant Professor Katherine Anarde’s research on chronic shallow flooding in coastal North 
Carolina was featured in this article. "The newspaper set up cameras along Canal Drive in Carolina 
Beach, North Carolina, to look at how high tides are causing flooding, even on days without major 
storms. Anarde and her team have documented 60 days over the past year when Canal Drive 
flooded.” And “As the sea level gets higher and higher,” Anarde said, “the groundwater table also 
increases. So even just a minor rainfall event can lead to ponding in low-lying areas and just can 
exacerbate the flooding in the roadway or in yards.” 

 
30. Petitioner has compiled a list of quotes from three newspaper articles about sunny-day flooding in 

Carolina Beach which he feels are important because they show the severity of the situation and 
the worsening of the problem. A copy of this compilation is attached as a stipulated exhibit.  
 

31. Petitioner prepared sworn testimony through an affidavit, a copy of which is attached.  While Staff 
do not stipulate to the truth of the statements in the affidavit, they acknowledge that these are Mr. 
Krichman’s sworn statements.  

 
32. At the Commission’s September 15, 2021 meeting, after hearing from DCM Staff about new 

instances of owners placing artificial turf in the 30’ CAMA Buffer, the Commission voted 10-1 in 
an interpretive ruling that the use of artificial turf in the 30’ CAMA Buffer on Coastal Shorelines 
in not be interpreted to be part of the Commission’s landscaping exception in 15A NCAC 7H 
.0209(d)(10)(G). A copy of the Commission’s Interpretive Ruling is attached as a Stipulated 
Exhibit.  
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33. Session Law 2024-49 which became law on September 11, 2024 provides (Section 4.48) that 
artificial turf is not counted as built-upon area for state and local government stormwater programs 
where it is “(6) artificial turf, manufactured to allow water to drain through the backing of the turf, 
and installed according to the manufacturer’s specifications over a pervious surface.”  Staff note 
this law applies to built upon area calculations which DEQ-DEMLR manages and did not amend 
this Commission’s 30’ Vegetated Buffer Requirement. 

 
34. At the November 13, 2024 meeting of the CRAC, the Council heard an overview presentation 

about artificial turf by DCM Policy Analyst Jonathan Lucas. Following the presentation, the 
Council asked Staff to bring back pros and cons of allowing this artificial turf material in AECs. A 
copy of the powerpoint slides from this presentation are attached.   

 
35. At the February 26, 2025 meeting of the CRAC, the Council heard Mr. Lucas’ presentation about 

the pros and cons of allowing artificial turf in the Commission’s 30-foot buffer. The Council asked 
Staff to bring back proposed rule language that would allow artificial turf in the buffer to consider 
and determine whether to bring it to the CRC or recommend that the rules would remain the same. 
A copy of the powerpoint slides from this presentation are attached. One of the slides describes a 
study from King’s College, London which found that artificial turf had greater volumes and 
proportions of runoff than living grass.  

 
36. At the April 30, 2025 meeting of the CRAC, the Council reviewed draft rule language for three 

possible options: 1) not regulating artificial turf in the 30-foot buffer (allowing it), 2) continuing 
to regulate (not allow) artificial turf in the 30-foot buffer as status quo, or 3) propose amending 
rules to regulate artificial turf in the buffer. After discussion, the Council voted unanimously to 
recommend keeping the status quo not allowing artificial turf in the 30-foot buffer and not 
amending propose amending the Commission’s 30-foot buffer. A copy of the powerpoint slides 
from this presentation are attached. The purpose of vegetated buffers is primarily pollution 
reduction.  

 
37. In a 1998 memo attached, the Commission considered whether to require vegetated buffers, with 

the ultimate result being the regulations of the Commission’s 30’ Buffer in the Coastal Shorelines 
AEC.  

 
38. Staff and Petitioner delayed hearing of this variance until after the CRAC concluded its review of 

artificial turf in 2024-25.   
 

39. Since filing its variance petition, Petitioner received statements from both adjacent property 
owners Amy Groff and Justin Cox, copies of which are attached as a Stipulated Exhibit. Both 
owners describe comments in support of the artificial turf remaining. 
 

40. In addition to the Site, Petitioner  owns the waterfront property at 1005 Canal Dr ( two blocks to 
the north). Petitioner purchased this property through a deed recorded on April 1, 2004 in Book 
4258, Page 963 of the New Hanover County Registry, a copy of which is attached.  
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41. An affidavit from Joe Benson, former Mayor and current City Councilman of Carolina Beach is 

attached as a stipulated exhibit. While this is a sworn statement, DCM cannot stipulate that these 
statements are fact. 

 
42. Petitioner is a GC and worked in the Triangle before moving full-time to Carolina Beach in 2020 

and now works on projects including bulkheads and homebuilding in Carolina Beach. Petitioner’s 
background is included in his affidavit, attached as a stipulated exhibit. While this is a sworn 
statement, DCM cannot stipulate that these statements are fact. 

 
43. There is a vacant lot immediately to the North of 1005 Canal that is owned by Tony and Camille 

Loretti. Petitioner met with former DCM Field Representative Bryan Hall in 2023 to have him flag 
a Coastal Wetland line on the Loretti lot to determine where a bulkhead could be placed. At that 
time, Mr. Hall flagged a Coastal Wetlands line approximately 20’ from Canal Drive. 
 

44. According to its website, The Northend Flood Mitigation Alliance (NFMA) was established by 
Carolina Beach homeowners and other stakeholders to provide community flood support in 
addressing flooding issues on the Northend. The alliance focuses on flood risk reduction by 
implementing programs aimed at decreasing the frequency of flooding, minimizing the duration 
that floodwaters remain on the streets, and fostering long-term resiliency.” There are current efforts 
underway including a partnership between the NFMA  and the Town of Carolina Beach to “seek 
funding for research and implementation of flood mitigation solutions while also raising funds to 
support flood mitigation and protect the harbor environment.”   

 
45. A powerpoint of ground and aerial photographs of the Site is attached as a stipulated Exhibit. 
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ATTACHMENT B  CRC-VR-24-11 

Stipulated Exhibits 
 

1. Deep Water Management, Inc. Secretary of State filings x2 
2. Deed 6545/1527 
3. Plat 3/67 
4. Tax Card for Site 
5. Four Past CAMA Permits 
6. NCSU Anarde Study of Sunny-day flooding in Carolina Beach, not attached but linked 

here: Wind and rain compound with tides to cause frequent and unexpected coastal floods - 
ScienceDirect 

7. 7/28/23 Notice of Violation and restoration plan 
8. NOV-related emails 
9. CAMA Minor Permit Application Materials (including form, drawings, lab test, warranty) 
10. Adjacent Riparian Owner Notice Forms 
11. 1/30/24 Denial Letter 
12. 9/25/24 email with Variance Petition  
13. 6/13/24 Washington Post video/article 
14. Petitioner’s Affidavit 
15. Statements in support from both adjacent neighbors 
16. Affidavit of Joe Benson 
17. Krichman deed for 1005 Canal Drive 
18. Powerpoint slides from CRAC meetings in Nov ‘24/Feb ’25 and Apr ‘25 
19. 1998 Memo to CRC about vegetative buffers ahead of eventual 30’ Buffer rule 
20. Site Photos in Powerpoint 
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PETITIONER’S and STAFF’S POSITIONS                                              ATTACHMENT C 

I. Will strict application of the applicable development rules, standards, or orders 
issued by the Commission cause the petitioner unnecessary hardships? If so, the 
petitioner must identify the hardships. 
 

Petitioners’ Position: Yes. 
 

Respected CAMA personnel and Coastal Resources Commission, 
 
Thank you for your time in reviewing the Variance Request for 813 Canal Drive Carolina Beach.  
 
Together we are faced with a unique challenge for properties on Canal Drive.  
 
Together we can overcome this challenge in a safe, environmentally friendly manner. 
 
Waterfront properties that adjoin the Carolina Beach Yacht Basin are experiencing an effect known 
to low lying coastal communities as “Sunny Day Flooding”. This is a situation where properties 
may flood during weather events without rain such as king tides and strong winds  or some 
combination of both that force water into a  basin with no secondary outflow. During strong winds 
from the north and rising king tides, water is forced into the Carolina Beach Boat Basin on a regular 
basis. There are times when Canal Drive may flood over 10 days in a month. There are other times 
when it may not flood for a month.  The flooding is getting significantly worse, taking place more 
than 60 days a year and creating hardships for property owners who care deeply about the 
environment as well as their properties.  
 
When I personally bought property at 1005 Canal Drive in 2003 my next door neighbor’s lot only 
flooded during extreme conditions. 20 years later, this very same property floods twice a day on 
every high tide and sends water pouring into Canal Drive over 60 times a year with King Tides 
and wind blown high tides.  
 
The saltwater pours out of the basin across low lying lots, into Canal Drive, down the street and 
then into neighboring lots including those with bulkheads.  
 
The catch basins along Canal Drive can not alleviate the water because their outlets are below 
water level during king tides and in fact many of the catch basins allow water to flow from the 
Carolina Beach Yacht Basin up and into the street and contribute to the flooding issue.  
 
This saltwater is flooding into low lying properties and damaging the landscaping and ground 
covers that are  designed to protect the property. This causes property damage including damaged 
ground covers and unstable footing.  
 
When new houses are built there is the opportunity to raise the lot and put in landscaping that will 
stay above the salt water level other than hurricanes.  
 
Existing homes with ground level structures that are inches to a couple of feet above the normal 
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high tide mark can not raise the grade in the yard in a way that puts the floor level of the structure 
below the outside grade.  
 
The natural occurring sand in a yard needs to be protected to keep it from being washed away in 
these regular Sunny Day Flooding events. Natural grass is not a viable  option for properties that 
are affected by continued salt water flooding. The amount of chemicals some waterfront property 
owners use to keep lawns alive in areas adjacent to our natural waters is creating significant impact 
to our water quality and wildlife. Large rocks are not a viable option, they make walking and access 
a significant challenge as well as covering a natural area with a hardened surface.  Concrete and 
pavement limit permeability and are not an option for entire yards. Pervious pavers would allow 
walking and retain the sand in some but not all conditions while also creating waterfront properties 
that are entirely covered by man made looking, hardened products. Over time, pervious pavers that 
are subject to significant water flow over their surface will shift and become uneven. Many 
synthetic turf products  will restrict water permeation, tear in adverse conditions and have potential 
to create water pollution. Earlier types of turf products were not capable of standing up to some of 
the conditions of the coastal environment.  
 
It will be highly beneficial to waterfront property owners who experience Sunny Day Flooding to 
have a product that meets CAMA requirements while protecting their properties. It will be highly 
beneficial to CAMA to have a product that has been CAMA reviewed and meets requirements 
necessary for protecting our delicate and precious coastal environment.  
 
After considerable research a product has been identified that can meet CAMA requirements while 
safely adding protection and beauty to waterfront properties who are subject to Sunny Day 
Flooding.  
 
Tailor Made Grass Cali73 has the following benefits: 
 
Tailor Made Grass Cali73 is permeable. 
It has a perm rating of over  1000 inches/hr as tested with ASTM: F1551 
Have a video and can demonstrate a 5 gallon bucket of water goes through the ground cover within 
seconds. It is permeable both directions.  
 
It is 100% recyclable. 98% of synthetic turf sold today can not be recycled. This is a unique product 
that is produced by good stewards for our environment. The product is designed for this specific 
application. 
 
This product utilizes a revolutionary pinnacle back that is 9x tougher to tears than original artificial 
turf. 
This product can be fastened with stainless steel perimeter screws and infield stakes to insure the 
product stays in place.  
The few seams in the product are as tough as the product itself. 
The turf claw seaming  system creates seams that will not separate and the additional stakes along 
seams insure the product will stay in place.  
Cali73 has a grab tear strength of over 200 lbs as tested with ASTM: D-5034 
Cali73 has a tuff bind of over 8 lbs as tested with ASTM: D-1335 
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Cali73 has a machine gauge of of 3/8” as tested by ASTM D-5793 with a fabric weight of 87.1 
oz/sqyrd as tested by ASTM: D-5848 
 
Cali73 is made from 12,600 Denier. 
Cali73 is a tough, durable product designed to hold up to harsh environments. 
Cali73 does not shrink and swell during temperature change as was previously seen with earlier 
versions of synthetic turf.  
 
 
Cali73 has a product backing that is designed to prioritize both performance and the planet. 
The product has a newly designed weed barrier on its back that can not clog. 
There are no holes to clog, the entire material is permeable.  
This is a new generation of turf. 
This provides solutions to existing problems. 
 
Like many materials used in coastal construction this product has a lifespan. The color may start 
to fade after 15-30 years but the durability will hold up and is expected to hold its form for 40 
years. Decking, boat lift cables, ropes, cleats, pilings, shingles and treated wood all need to be 
replaced periodically.  This product will want to be replaced when the color fades not from a 
breakdown of the structurally integrity of the product.  
 
We have the unique opportunity to test this product in limited scope under vigilant surveillance by 
an interested, thoughtful, caring  and proactive steward of the environment at 813 Canal Drive. As 
it performs as stated it could potentially be considered as an accepted material either now or in the 
future. If for any reason it does not perform as expected it would certainly be removed. 
 
Attached you will find the following supporting documents: 
Cali73 specification sheet 
Permeability test results showing over 1000”/hr water permeability  
15 year product warranty 
 
After reviewing this background letter and supporting documentation we believe you will find: 
 
Strict application of the regulations of the Commision would create the unnecessary hardship for 
this specific property with a low level structure from utilizing a viable option to protect the property 
in a safe ecological manner from the specific challenge of Sunny Day Flooding as well as named 
storms.  
 
Such hardships result from the conditions of Sunny Day Flooding as well as storm surge specific 
to the location of this  property  on Canal Drive in Carolina Beach. 
 
Actions by the petitioner had no bearing in creating the hardship of flooding on Canal Drive in 
Carolina Beach 
 
The requested variance is consistent with the spirit, purpose and intent of the Commision’s rules, 
standards and orders; will secure the public safety and welfare; and will preserve justice. 
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If you would like further information or discussion, would be happy to discuss with you as well as 
connect you with Barclay Payne the developer of this environmentally conscious product.  
 
Thank you for the time and energy you put into protecting our environment. Thank you for your 
consideration of this unique and groundbreaking product that is a viable solution for coastal 
property. Thank you for being open minded about new technology. Someone had to be the first to 
try the wheel, electric light bulb, and outboard motor before they became widely accepted. 
 
This product is currently being successfully utilized in coastal communities in Jacksonville Fl, 
Boston, Miami, Seattle, and California.  
 
Your consideration for our environment is greatly appreciated,  
 
Andrew Krichman 
813 Canal Dr 
Carolina Beach NC 28428  
919 801 0083 
 

Strict application of the regulations of the Commission would create the unnecessary hardship for this 
specific property with a low level structure from utilizing a viable option to protect the property in a safe 
ecological manner from the specific challenge of Sunny Day Flooding as well as named storms. There are 
waterfront properties along Canal Dr. that have natural vegetation, as well as planted grass that is returning 
to wetlands due to the amount of sea water that is routinely getting on properties. Petitioner is respectively 
requesting a variance to allow the Tailor Made Grass Cali 73 to remain in place. It has been in place for 
two years and is successfully working in an environmentally safe manner. 80% of the installed Tailor Made 
Cali 73 is within the 30’ CAMA buffer and is the most susceptible area to returning to wetlands. Petitioner 
has installed a quality bulkhead that is preventing the water from getting on the property from the water 
side of the property. Due to the height of the garage and driveway, the grading can not be raised enough to 
prevent water from entering property from flooding on Canal Dr. The flooding situation is worsening with 
no end in sight. Petitioner is respectfully requesting a variance to prevent the hardship of portions of his 
property returning to wetlands as he has witnessed on multiple neighboring properties.  

 
Staff’s Position: No.  

Strict application of the Commission’s 30-foot buffer rule on the Site does not cause Petitioner 
unnecessary hardships. Petitioner has identified concerns regarding the colonization of wetlands 
on his property due to flooding from Canal Drive. The General Assembly’s definition of Coastal 
Wetlands in the Dredge & Fill Law at GS 113A-229(n) requires the presence of specific wetlands 
species as well as the property to be 

subject to regular or occasional flooding by tides, including wind tides (whether or 
not the tidewaters reach the marshland areas through natural or artificial 
watercourses), provided this shall not include hurricane or tropical storm tides. 
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Where Petitioners’ lot is bulkheaded, it is unlikely to be claimed as a coastal wetland even  if 
wetland species were present. Petitioner proposes to keep the artificial turf within the 30’ CAMA 
Buffer where it was installed on his Site both inside and outside of the 30’ Buffer. Petitioner 
undertook this installation without first seeking a CAMA permit, and apparently without knowing 
a CAMA permit could not be issued for artificial turf within the Commission’s 30’ Buffer. While 
petitioner is correct stating the turf has been in place for two years, this is due to DCM and the 
LPO halting enforcement action to allow  Petitioner to apply for a CAMA permit denial to 
subsequently seek a variance as part of his restoration plan for the violation, and to allow the  
CRAC to consider the issue of allowing artificial turf within the 30’ Buffer.  

Additionally, prior to the situation at hand, he Commission was presented information on the 
history of the 30’ buffer in 2021 and made a clear interpretative ruling stating  artificial turf was 
not included in the “landscaping” exception to the 30’ CAMA Buffer rule and therefore not 
allowable per the Commission’s rules which would result in an application for a CAMA permit 
resulting in denial. This position of the Commission has not changed based on discussion at the 
2021 CRC meeting and the CRAC voted not to recommend a rule change regarding artificial turf 
to the Commission at the April 2025 Commission meeting. The focus of the Commission’s 30’ 
Buffer is multifaceted with the objectives of providing a wildlife corridor immediately adjacent to 
the water, a vegetative buffer to reduce pollutant runoff to improve water quality and to provide 
aesthetic value to the general public. Without a variance, Petitioner could retain the artificial turf 
on those portions of the Site landward of the CAMA 30’ Buffer and use landscaping and vegetation 
within his 30’ Buffer area to address his stated erosion concerns behind his new bulkhead.  

 

II. Do such hardships result from conditions peculiar to the petitioner’s property, 
such as location, size, or topography of the property? Explain. 
 

Petitioners’ Position: Yes. 

Such hardships result from the conditions of Sunny Day Flooding and wind blown events specific 
to the location of this property on Canal Drive in Carolina Beach. There are less than 50 homes on 
Canal Dr that are being affected by this issue. Less than 2% of the homes in Carolina Beach are 
affected by this issue. Less than 10% of the waterfront homes in Carolina Beach are affected by 
this issue. But it is a very significant issue that is peculiar to this property as well as a small number 
of other properties along Canal Dr. It is not the only property but it is one of only a very small 
percentage that are affected. The effects are quite significant and require being addressed 
thoughtfully  as opposed to being blanket stamped with more regulation.  

 
Staff’s Position: No.  
 
Staff agrees that the Town of Carolina Beach around the Yacht Basin and at this Site is subject to 
frequent sunny day flooding events, as described in the NCSU study by Dr. Anarde included in 
the exhibits discussed in the facts. However, that sunny-day flooding is not limited to Carolina 
Beach.  Staff does not agree that any of Petitioner’s alleged hardships are caused by conditions 
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peculiar to the property in question. The Site is adjacent to the Carolina Beach Yacht Basin and is 
generally low-lying, this is not peculiar within the Town of Carolina Beach or on other basins and 
canals in the coastal area. 
 
 

 
III. Do the hardships result from the actions taken by the Petitioner? Explain. 

 
Petitioners’ Position: No. 
 

Actions by the petitioner had no bearing in creating the hardship of flooding on Canal Drive in 
Carolina Beach. 

 
Staff’s Position: No.  
 
Staff agree that while Petitioner should have contacted DCM or the Town of Carolina Beach LPO 
before having the turf installed, Petitioner did not contribute to the flooding near and on the Site. 
Staff also note that Petitioner put in a taller bulkhead and  Petitioner added sand fill to the Site and 
recently reconstructed the bulkhead in attempts to mitigate flooding on the Site.  
 
 

IV. Will the variance requested by the petitioner (1) be consistent with the spirit, 
purpose, and intent of the rules, standards, or orders issued by the Commission; 
(2) secure the public safety and welfare; and (3) preserve substantial justice? 
Explain. 
 

Petitioners’ Position: Yes. 

The requested variance is consistent with the spirit, purpose and intent of the Commission’s rules, 
standards and orders; will secure the public safety and welfare; and will preserve justice.  

The solution utilized at 813 Canal Dr. specifically adheres to the first stated key purpose of the 
CRC rules, “The rules work to minimize loss of life and property caused by storms, flooding, and 
long-term erosion.” 

This is an application that is compatible with nature. The product is fully recyclable, fully 
permeable, looks 100% natural, is extremely durable and is a far superior choice to any sort of 
hardened structure, rocks, pavement, or even grass or natural vegetation that over time will allow 
development of wetlands when enough sea water is introduced to property over time. This product 
specifically addresses one of the primary intents of the CRC’s core principles by minimizing  the 
likelihood of significant damage to private property. 

This coastal application does work to balance the needs of a growing population with economic 
development and environmental protection. It is congruent with  recognizing the value of the coast 
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for industry, recreation, and residential use, while preventing unchecked development that could 
destroy these resources.  

Removal of this product in this specific application would directly go against the spirit, purpose 
and intent of the Commission’s purpose to minimize loss of property caused by storms, flooding 
and long term erosion. In fact, this product was specifically designed to address these issues and 
is being successfully used in 100’s of waterfront applications with no issue.  

The spirit, purpose and intent of the CRC rules as I understand them are: 

The spirit, purpose, and intent of the North Carolina Coastal Resources Commission (CRC) rules 
are to protect, conserve, and manage the state's valuable coastal resources for the long-term benefit 
of the public. These rules are the mechanism for implementing the state's Coastal Area 
Management Act (CAMA) and the Dredge and Fill Law.  

Core principles 

1. Balance competing interests 

The CRC rules aim to manage the coast in a way that balances the needs of a growing population 
with economic development and environmental protection. They recognize the value of the coast 
for industry, recreation, and residential use, while preventing unchecked development that could 
destroy these resources.  

2. Ensure development is compatible with nature 

A primary intent is to ensure that development within Areas of Environmental Concern (AECs) is 
compatible with the natural characteristics of the area. This minimizes the likelihood of significant 
damage to both private property and public resources. The CRC does not intend to stop 
development entirely, but rather to control "inappropriate or damaging development" in critical 
areas.  

3. Recognize public trust resources 

A foundational principle is that the beaches, sounds, and marshes are public trust resources that 
belong to everyone. The rules are designed to protect common-law and statutory public rights of 
access to coastal lands and waters.  

Key purposes 

• Protect public safety and welfare: The rules work to minimize loss of life and property 
caused by storms, flooding, and long-term erosion. 

• Designate and manage Areas of Environmental Concern (AECs): The rules create 
standards for development within specific, designated AECs. This is the central function 
of the rules, focusing on areas particularly vulnerable to damage, such as estuarine systems, 
ocean hazards, coastal wetlands, and shorelines. 
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• Protect against erosion: The CRC adopts specific standards, such as building setbacks, to 
prevent permanent structures from encroaching on public beach areas and to preserve the 
natural ecological conditions of the dune and beach systems. 

• Manage coastal hazards: The rules help manage the effects of coastal dynamics, such as 
erosion and flooding, and aim to reduce the public costs associated with improperly sited 
development and disaster relief. 

• Coordinate management: The rules establish policies that create a coordinated management 
scheme across local, state, and federal levels of government, ensuring uniform standards 
for development and resource protection in coastal counties. 

• Provide guidance and standards: The rules establish clear policies, criteria, and standards 
for both individuals and government agencies to ensure uniformity and consistency in 
coastal management.  

 
 
Staff’s Position: No.  

Petitioner has proposed keeping the artificial turf he had installed on the Site, which is not allowed 
as part of the “landscaping” exception to the CAMA 30’ Buffer rule, and this was affirmed 
specifically regarding artificial turf in 2021 through the Commission’s action. While it may be that 
the installation method underlying Petitioner’s artificial turf addresses some level of impervious 
surface and water quality concerns where he used sand and not rock or other underlayment 
materials, and where he did not use rubber filler used with other turf, the CAMA 30’ buffer rule 
also requires that development in the buffer area is water dependent unless listed as one of the 
exceptions, which artificial turf is not. Additionally, Petitioner’s use of this material is stated to be 
to prevent erosion but also to prevent migration of wetland species landward of his bulkhead. As 
stated prior, Petitioner’s concerns regarding the colonization of wetlands on his property due to 
flooding from Canal Drive would not meet the General Assembly’s definition of wetlands if it was 
not  “regularly or occasionally” flooded and therefore would not be claimed as a wetland by the 
Division even if Coastal Wetlands species were present. Staff acknowledge that the issue of using 
artificial turf in the 30’ CAMA Buffer was discussed in the three CRAC meetings in 2024 and 
2025, but the CRAC voted not to recommend rulemaking to the Commission. Staff believe that if 
the Commission wishes to consider this issue again, it should be through the public rulemaking 
process in order to secure public safety and welfare and preserve substantial justice.  
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ATTACHMENT D  CRC-VR-24-11 

  

 

 

 

 
      Petitioner’s Petition Materials 

(without initial proposed facts or duplicative exhibits) 
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ATTACHMENT E  CRC-VR-24-11 

 

Stipulated Exhibits 
1. Deep Water Management, Inc. Secretary of State filings x2 
2. Deed 6545/1527 
3. Plat 3/67 
4. Tax Card for Site 
5. Four Past CAMA Permits 
6. NCSU Anarde Study of Sunny-day flooding in Carolina Beach, not attached but linked 

here: Wind and rain compound with tides to cause frequent and unexpected coastal floods - 
ScienceDirect 

7. 7/28/23 Notice of Violation and restoration plan 
8. NOV-related emails 
9. CAMA Minor Permit Application Materials (including form, drawings, lab test, warranty) 
10. Adjacent Riparian Owner Notice Forms 
11. 1/30/24 Denial Letter 
12. 9/25/24 email with Variance Petition  
13. 6/13/24 Washington Post video/article 
14. Petitioner’s Affidavit 
15. Statements in support from both adjacent neighbors 
16. Affidavit of Joe Benson 
17. Krichman deed for 1005 Canal Drive 
18. Powerpoint slides from CRAC meetings in Nov ‘24/Feb ’25 and Apr ‘25 
19. 1998 Memo to CRC about vegetative buffers ahead of eventual 30’ Buffer rule 
20. Site Photos in Powerpoint 
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Lynn Barbee 
Mayor   
 
Joe Benson  
Council Member 
 
Deb LeCompte  
Council Member 

Jay Healy 
Mayor Pro Tem 

 
Mike Hoffer 

Council Member 
 

Bruce Oakley 
                                 Town Manager 

Town of Carolina Beach 
1121 N. Lake Park Blvd. 

Carolina Beach, NC 28428 
Tel: (910) 458-2999 
Fax: (910) 458-2997 

 4/6/2023        Exemption Number – 12-23-Ex CB 
 
DEEP WATER MANAGEMENT INC         
PO BOX 9400 
Chapel Hill, NC 27515 

 
RE: EXEMPTED PROJECT (MINOR) - MAINTENANCE AND REPAIR (15A NCAC 07K .0103)  
 
PROJECT ADDRESS – 813 Canal, Carolina Beach NC 28428 
AREA OF ENVIRONMENTAL CONCERN - Estuarine Shoreline 
 
Dear DEEP WATER MANAGEMENT INC: 
 
 I have reviewed the information submitted to this office in your inquiry concerning the necessary filing of an 
application for a minor development permit under the Coastal Area Management Act.  After making a site inspection 
on 4/6/2023, I have determined that the activity you propose is exempt from needing a minor development permit as 
long as it remains consistent with your site drawing and materials list submitted on 3/24/2023, and meets the 
conditions specified below.  If your plans should change and your project will no longer meet these conditions, please 
contact me before proceeding. 
 
MAINTENANCE AND REPAIR - (G.S. 113-103(5)(B)(5) and 7K.0209) - Structures may be repaired in a similar 
manner, size and location as the original structure.  No expansions or additions are permissible.  The repairs are 
limited to 50% of the physical value of the existing structure and the following specific conditions. 
 

1. The project consists of the repair of pour new driveway on top of the existing driveway, as shown on the attached 
drawing.  

2. The proposed repairs shall be consistent with all other applicable local ordinances and North Carolina Building Code 
standards.  
 

This exemption to CAMA permit requirements does not alleviate the necessity of your obtaining any other State, 
Federal or Local authorization and N.C. Building Permits.  This exemption expires 90 days from the date of the letter. 

 
Sincerely, 
 
Haley Moccia, LPO – Town of Carolina Beach 
1121 N Lake Park Blvd 
Carolina Beach, NC 28428 
 
Cc: Bryan Hall  
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3ENERAL PERMIT
V

Previous permit# 
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rized by the State of North Carolina, Department of Environment and Natural Resources 1 /
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oastal Resources Commission in an area of environmental concern pursuant to I SA NCAC
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Phone # O River Basin

Adj. Wtr. Body nat

Closest Maj. Wtr. Body Ofl G

A Project/ Activity fZ-1ll, /4NrA & W7 1:
11  to#-/S // 1, 4

Scale: = 
ock) length

ength

umber

ad/ Riprap length

g distance offshore

iax distance offshore
17

hannel

ibic yards em l 
imp

J
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not sure yes
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Attached: CY 3sno ! l

r
i— / 

ing
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a 
NCDENR

North Carolina Department of Environment and Natural Resources
Division of Coastal Management

verly Eaves Perdue Braxton C. Davis

ivernor Director

AGENT AUTHORIZATION FORM

Date: 

ie of Property Owner Applying for Permit

M V. "'Per K

ne Numbera$ labs-' -+, Tbq

Dee Freeme

Secretai

Name of Authorizes Agent for his project: 

e r rell
Agent' s Mailing Address: 

u & x Z532

Phone Number  23 2- Y3

lift' that I have authorized the agent listed above to act on my behalf, for the purpose of applying
ind obtaining all CAMA Permits necessary to install or construct the following ( activity): 

my property located at

certification is valid thru ( date) 
P

Property Owner Signature Date

RECEIVED
DCM WILMINGTON, l' 

S E P 1 7 2012
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ADJACENT RIPARIAN PROPERTY OWNER STATEMENT

I hereby certify that I own property adjacent to _ ( J2 , 0 ' Pp f let- ' s

4N0 we of Property Owner) 
property located at ( 3 n ( J I

Address, , Block lRoad, etc.) 
on rA c 1/, j`',1 C) in 4 I t a Ct J 2 PQC N. C. 

Waterbody) ( City/Town and/ or County) 

The applic t has described to me, as shown below, the development proposed at the above location. 

1 have no objection to this proposal. - e 
I have objections to this proposal. 

DESCRIPTION AND/ OR DRAWING OF PROPOSED DEVELOPMENT
Individual proposing development must fill in description below or attach a site drawing) 

RECEIVED
DCM WILMINGTON, N( 

S E P 17 200

WAIVER SECTION

I understand that a pier, dock, mooring pilings, breakwater, boathouse, lift, or groin must be set back a
minimum distance of 15' from my area of riparian access unless waived by me. ( If you wish to waive
the setback, you must initial the appropriate blank below.) 

wish to waive the 15' setback requirement. 

I do not wish to waive the 15' setback requirement

Pro erty Owner Information) ( AdjacentProperty Owner Information) 

A' 
Signature

tioatr
Print or Type vvame Print or Type Name
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ADJACENT RIPARIAN PROPERTY OWNER STATEMENT

I hereby certify that I own property adjacent to - Da-, i P PCB 1 c-t
s

Name of Property Owner) 
property located at _   ',  ,  , 

P 5iC (
Address, 

on in_ 

Waterbody) 
7th 

etc•

e iC 
City/ Town and/ or County) 

N. C. 

j
e a plicant has described to me, as shown below, the development proposed at the above location. 

K I have no objection to this proposal. 

I have objections to this proposal. 

DESCRIPTION AND/OR DRAWING OF PROPOSED DEVELOPMENT
Individual proposing development must fill in description below or attach a site drawing) 

RECEIVED

DCM WILMINGTON, NC

SEP172012

WAIVER SECTION

understand that a pier, dock, mooring pilings, breakwater, boathouse, lift, or groin must be set back a
ninimum distance of 15' from my area of riparian access unless waived by me. ( If you wish to waive
he setback, you must initial the appropriate blank below.) 

K I do wish to waive the 15' setback requirement. 

I do not wish to waive the 15' setback requirement. 

pro rty Owner Information) ( Adjace t Prope00wr Informatio

U ) 
46 e_ D L° - 6- :

4_ ignature Signature

a i
int or Type Name Prat qr Type Name/ 

h

065



IC Division of Coastal Mgt. Habitat Impact Cc mPuter Sheet

Q ?2
Permit #:  

pplicant:  
V/" 

late: ' 1'- I rL

escribe below the HABITAT disturbances for the application. All values should match the name, and units of measurement
ound in your Habitat code sheet. t

DISTURB TYPE
iabitat Name Choose One

VDredge El Fill  Both [ I Other

Dredge  Fill  Both  Other El

Dredge  Fill  Both El Other El

Dredge  Fill  Both  Other  

Dredge  Fill  Both  Other  

Dredge  Fill  Both El Other  

Dredge  Fill El Both  Other  

Dredge  Fill  Both  Other El

Dredge  Fill  Both El Other  

Dredge  Fill  Both  Other [

IDredgeFill  Both El Other El

Dredge  Fill  Both  Other [

IDredgeFill  Both  Other  

Dredge  Fill El Both [ I Other  

Dredge  Fill  Both  Other  

TOTAL Sq. Ft. FINAL Sq. Ft. TOTAL Feet
for. 

FINAL Fee
Anticipated final

Applied for. 

Disturbance total

Anticipated final
disturbance. 

Applied

Disturbance disturbance. 

includes any Excludes any total includes

any anticipated

Excludes any

restoration and/ or
anticipated

restoration or

restoration

and/ ortemp restoration or temp impact

temp impacts) impact amount) temp impacts) amount) 
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www.testingservices-usa.com  ▪  (706)226-1400 
office@testingservices-usa.com 

 

Testing Services (TSI) LLC 
817 Showalter Avenue 
PO Box 1343 
Dalton, GA  30721 

 

Report #  
Lab Test Number: 

Report Date: 

OUR LETTERS AND REPORTS APPLY ONLY TO THE SAMPLE TESTED AND ARE NOT NECESSARILY INDICATIVE OF THE QUALITIES OF APPARENTLY IDENTICAL OR SIMILAR PRODUCTS. THESE LETTERS AND REPORTS ARE FOR THE USE ONLY OF THE CLIENT TO WHOM THEY ARE ADDRESSED AND THEIR 
COMMUNICATION TO ANY OTHERS OR THE USE OF THE NAME TESTING SERVICES, INC. MUST RECEIVE OUR PRIOR WRITTEN APPROVAL. OUR REPORTS, LETTERS, NAME, SEALS, OR INSIGNIA ARE NOT UNDER ANY CIRCUMSTANCES TO BE USED IN ADVERTISING TO THE GENERAL PUBLIC. 

Page 1 of 1 
 
     
         
 

  
 
 
 
 
 
 
 
 
 
CLIENT:                                  TEST MATERIAL: 

Company: ProGlobal Products  Date Material Received: October 23, 2020 
Address: PO Box 1432  Material Type: Synthetic Turf 
 Dalton, GA 30722  Material Condition: Excellent, New 
   Material ID: 60 oz 
Requested By: Forrest Jaquith  Infill: None 

 

TESTING METHODS REQUESTED: 
Testing Services Inc. was instructed by the client to test for the following… 

Standard: ASTM F1551 Test Method: Standard Test Methods for Comprehensive Characterization of Synthetic Turf Playing Surfaces and 
Materials: Suffix-DIN 18-035, Part 6: Water Permeability of Synthetic Turf Systems and Permeable Bases 

 
SAMPLING PLAN: 

Sampling Date: 10/23/2020 
• Specimen sampling is performed in the sampling department at TSI. 
• The sampling size of specimens is determined by the test method requirements.  
• In the event a specific sampling size is not called for, a determination will be made based on previous testing experience, and approved for use by an authorized manager.  
• All samples are subjected to the outside environmental conditions of temperature and relative humidly.  
• Sample requiring pre-determined exposure to specified environmental conditions based on a specific test method, take place in the departments in which they are tested 

 
DEVIATION FROM TEST METHOD: 

State reason for any Deviation from, Additions to, or Exclusions From Test Method. 
None 

 
PROCEDURE: This test method determines the rainfall drainage capacity (permeability) of the playing surface. Test data values represent drainage rates vertically thru the turf only, 

and do not take into account the percolation properties of an infill, pad and/or an underlying sub base.  Three specimens, 11.5” diameter, were cut from the 15’ turf roll, 
side-center-side manner. Each turf specimen was securely fastened to the permeability tube using mechanical flanges, ensuring vertical water flow thru the product. 
Water was pumped into the tube faster than could exit, until the water level reached 6”. The water source was shut off, allowing the accumulated 6” water level to recede. 
The recede was timed via stopwatch until the water level exited the turf. The flow time was recorded in seconds. This procedure was repeated a total of 4 times where, 
the first pass was for conditioning, with passes 2,3,4 used for averaging. This process was repeated on the remaining specimens.  

 
DEVIATION FROM TEST METHOD: 

State reason for any Deviation from, Additions to, or Exclusions From Test Method. 
None 

 
TEST SUMMARY:  
    

Specimen # Drainage (Seconds) gal/min/yd² Rainfall Capacity (inches/hour) 
1 4.7 430.1 1319.6 
2 4.1 491.1 1506.7 
3 4.3 474.2 1454.8 

Average 4.4 465.1 1422.5 
 
 
Uncertainty: 
We undertake all assignments for our clients on a best effort basis. Our findings and judgments are based on the information to us using the latest test methods available.  
TSI can only ensure the test results for the specific items tested. 
Unless otherwise noted in the deviations sections of this report, all tests are performed in compliance with stated test method. 
 
Test Report Approval:  
 
  

                     Erle Miles, III, Lab Director Testing Services (TSI) LLC 
TSi Accreditation:    TSi is a certified independent testing laboratory by the STC (Synthetic Turf Council). 
 
 
 
 
 
 
 
     
         
 

LABORATORY TEST REPORT

ASTM F1551; Suffix DIN 18-035 Water Permeability 

81620B 
3230-4985 

November 4, 2020

TOCB RECEIVED: 1/23/2024
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LIMITED 15 YEAR LANDSCAPE WARRANTY 

 

WARRANTY PERIOD 

 
This Warranty shall be in force and remain in effect for a period of fifteen (15) 
years beginning on the date of invoice (“Effective Date”) and, except as 
otherwise provided, covers North America including the United States and 
Canada. 

 
WARRANTY 

1. All synthetic turf is subject to normal wear and tear. Normal wear and tear 
are not a manufacturing defect and is not covered by this warranty. 

2. Pile Retention Limited Warranty: Tailor Made Grass warrants that the 
Product will retain at least 50% of its pile fiber when: 
a. when properly installed by an installer who originally purchased the 
material from Tailor Made Grass; 
and 

3. Proration of Warranty. Years 1-8 (100% product replacement), Years 9-15 
(10%) 

LIMITATIONS AND EXCLUSIONS TO THIS WARRANTY. 

1. Purchaser may make a one-time transfer of this warranty to the owner of 
the project in the product(s) were installed. No further transfer, 
conveyance, or assignment of all or any rights under this warranty are 
permitted without prior written consent from Tailor Made Grass. Any such 
transfer or assignment without prior written consent shall void this warranty.  

2. This Warranty covers first quality Products only, and is not applicable to 
Products sold as seconds, closeouts or irregulars. 

TOCB RECEIVED: 01/23/2024 084



3. This Warranty does not apply to product installed with known visual 
defects. Installer must notify manufacturer prior to installation of known 
problem else warranty will be void. 

4. This Warranty specifically excludes defects or damages caused by: 
a. improper installation, joining of seams or repairs; 
b. Burns, cuts, accidents, vandalism, abuse, negligence, or neglect; 
c. Improper design or failure of the sub-base of the sports field, golf green, 
court, or lawn; 
d. Wear or abrasion caused by inadequate sub-base; 
e. Wear or abrasion under swing sets, slides, and other high friction play 
equipment; 
f. Wear or abrasion on high friction areas of field; 
g. Wear due to lack of infill/no infill; 
h. Shrinking or melting of fibers due to reflection or other sources of 
extreme heat; 
i. Texture variation of fibers (sub-pile/thatch products); 
j. Expansion / Contraction of product due to lack of infill, improper 
securing of edges; 
k. Use of infill products of an incorrect grade resulting in seam ruptures; 
l. Failure to maintain infill products at the correct level of 50% of pile height 
or otherwise noted on product specification sheets; 
m. Use of inappropriate footwear or sports equipment (or lack of 
footwear); 
n. Use of chemicals, herbicides, pesticides (unless approved by yarn 
manufacturer in writing) 
o. Use of improper cleaning methods 
p. Loss of tuft bind / fiber loss due to chemical and/or gas spills and leaks 
(includes leaks 
from equipment driven or used on turf surfaces); 
q. Wear / Fiber loss due to animals / animal traffic; 
r. Any harmful chemical reaction to the product caused by infill materials 
s. Acts of God or other conditions beyond the reasonable control of 
Purchaser or Tailor Made Grass; 
t. Post fibrillation after or during installation for purposes other than to get 
infill materials in place; 
u. Failure to install seams, lines, logos properly; 
v. Failure to properly maintain / repair seams, lines, logos; 
w. Packing, matting, or roll crush marks of Products as these are inherent 
characteristics of Products manufactured using polypropylene/olefin and 
nylon fibers; 
x. Product damage occurring during the shipping/transportation process. 
All shipping claims must be filed against the truck line in question, a signed 
BOL must me noted with any shipping defects at time of delivery / pickup; 
aa. Heat / temperatures of turf surface due to sources of natural 
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environment, including sunshine, high air temperatures, and underlayment 
pad products. 

NO EXPRESS OR IMPLIED WARRANTIES 

 
LIMITATIONS ON LIABILITY 

Tailor Made Grass’ sole liability for any and all damages resulting from any cause 
whatsoever, whether based in contract, negligence, strict liability, other torts, or 
otherwise shall be limited to the original price of the Product. 
IN NO EVENT SHALL TAILOR MADE GRASS BE LIABLE FOR LOST PROFITS OR 
REVENUES, LOSS OF USE OR SIMILAR ECONOMIC LOSS, OR FOR INDIRECT SPECIAL, 
INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR SIMILAR DAMAGES ARISING OUT OF 
OR IN CONNECTION WITH SUCH CAUSE. 

 
PURCHASER’S OBLIGATION TO INSPECT UPON DELIVERY 

 
Purchaser must promptly inspect all Products upon delivery and notify Tailor 
Made Grass in writing of any defects, shortages or non-conformities within 30 
days of the date of delivery (“Delivery Date”). Notwithstanding anything herein 
to the contrary, if Purchaser fails to promptly inspect and identify any Product 
defects, shortages, or non-conformities which are discoverable by inspection 
within 30 days of the Delivery Date, Purchaser shall be deemed to have 
accepted the Products as is and Tailor Made Grass shall have no obligations 
and/or liability with respect to such defects, shortages. 

MODIFICATION 

 
THIS WARRANTY CONSTITUTES THE FINAL AND EXCLUSIVE WARRANTY TERMS FOR 
THE PRODUCTS AND MAY NOT BE MODIFIED EXCEPT BY AN OFFICER OF Tailor 
Made Grass. 

GOVERNING LAW 

 
This Warranty and its terms and conditions shall be exclusively governed by the 
laws of the State of Georgia without regard to its conflicts of law provisions. 
Purchaser agrees that the exclusive venue for any action pertaining to 
transactions between the Company and Tailor Made Grass shall be the Superior 

086



Court of Murray County, Georgia Purchaser hereby waives all personal 
jurisdiction defenses with respect to said venue. 
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1/30/2024 
 
CERTIFIED MAIL- 7022 3330 0001 6487 5339 
RETURN RECEIPT REQUESTED 
 
Electronic Delivery to: krichco@mindspring.com 
 
Deep Water Management Inc.  c/o Kelly MacKay (Registered Agent) 
P.O.BOX 51549 Durham, NC 27717 

RE:  DENIAL OF CAMA MINOR DEVELOPMENT PERMIT  
APPLICATION NUMBER: 27-23CB 
PROJECT ADDRESS: 813 Canal Dr, Carolina Beach NC 28428 

 
Dear Ms. MacKay: 
 
 After reviewing Deep Water Management Inc.’s application, which was 
determined to be complete on 1/30/2024, the Town of Carolina Beach has 
determined that no permit may be granted for the proposed development.  
 
Deep Water Management Inc.  has applied to install artificial turf grass and an 
associated 4” drainage pipe within 30 ft. of Normal or Mean high water, which is 
inconsistent with the following rules of the N.C. Coastal Resources Commission, and/or 
the following provisions of the N.C. Coastal Area Management Act or N.C. Dredge and 
Fill Act: 

 
Section 15A NCAC 07H .0209(10), which describes the development 

exceptions allowed within a distance of 30’ landward of Normal High Water, 
specifically 15A NCAC 07H .0209(10)(G). 

 
Given the preceding findings, it is necessary that the request for issuance of a 

CAMA Minor Permit under the Coastal Area Management Act be denied. This denial is 
made pursuant to N.C.G.S. 113A-120(a)(8), which requires denial for projects 
inconsistent with the state guidelines for Areas of Environmental Concern or a local 
land use plan. 

 
If Deep Water Management Inc.  wishes to appeal this denial, they are entitled to 

a contested case hearing. The hearing will involve appearing before an Administrative 
Law Judge who listens to the evidence and arguments of both parties before making a 
final decision on the appeal. The request for a hearing must be in the form of a written 

Lynn Barbee 
Mayor
  
Joe Benson  
Council Member 
 
Deb LeCompte  
Council Member 
 

Jay Healy 
Mayor Pro Tem 

 
Mike Hoffer 

Council Member 
 

Bruce Oakley 
                                 Town Manager 

 
Town of Carolina Beach 
1121 N. Lake Park Blvd. 

Carolina Beach, NC 28428 
Tel: (910) 458-2999 
Fax: (910) 458-2997 
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petition, complying with the requirements of §150B of the General Statutes of North 
Carolina, and must be filed with the Office of Administrative Hearings, 6714 Mail 
Service Center, Raleigh, NC 27699-6714, within twenty (20) days from the date of this 
denial letter. The requirements for filing a contested case can be found at 
http://www.oah.state.nc.us/hearings. Although OAH cannot give legal advice, any 
questions regarding this process should be directed to OAH at 6714 Mail Service Center, 
Raleigh, NC 27699-6714 or via telephone at 919-431-3000, including questions 
regarding the filing fee (if a filing fee is required) and/or the details of the filing process.  

 
A copy of Deep Water Management Inc.’s petition filed at OAH must be served on 

with DEQ’s agent for service of process at the following address:  
William F. Lane, General Counsel  
Dept. of Environmental Quality  
1601 Mail Service Center Raleigh, NC 27699-1601 

 
Please also send a copy of the petition to the attention of Tancred Miller, Director, N.C. 
Division of Coastal Management, 400 Commerce Avenue, Morehead City, NC 28557, so 
that the petition may be forwarded to the attorney who will be representing the 
Respondent in the contested case proceeding. 

 
In the alternative, Deep Water Management Inc. may petition the N.C. Coastal 

Resources Commission for a variance to undertake development that is prohibited by 
the Commission’s rules (Note- a Commission variance cannot be granted if Deep Water 
Management Inc.’s project was denied due to an inconsistency with a CAMA Land Use 
Plan or other statutory provisions of the CAMA or NC D&F Law). Applying for a 
variance requires that they first stipulate that the Division of Coastal Management 
applied the Rules properly in issuing this denial. Applying for a variance means that 
Deep Water Management Inc.  agrees that the legal restrictions are valid but request an 
exception to the restrictions because of hardships resulting from unusual conditions of 
the property. In seeking a variance, Deep Water Management Inc. is requesting that the 
Commission vary the rules at issue, and must state how they believe the request meets 
the four criteria found at N.C.G.S. § 113A-120.1. To apply for a variance, Deep Water 
Management Inc. must file a petition for a variance with the Director of the Division of 
Coastal Management and the State Attorney General’s Office on a standard form, which 
must be accompanied by additional information on the nature of the project and the 
reasons for requesting a variance. The variance request may be filed at any time but 
must be filed a minimum of six weeks before a scheduled Commission meeting to be 
eligible to be heard at that meeting.  

 
Deep Water Management Inc.  may either appeal the permit decision or seek a 

variance. These are two separate paths and cannot be pursued simultaneously. If the 
appeal of the permit decision is denied, Deep Water Management Inc.  may still seek a 
variance. However, Deep Water Management Inc. may not first seek a variance and if 
that is denied attempt to challenge the decision to deny the permit. Information about 
both a permit appeal in the Office of Administrative Hearings and the Variance process 
may be obtained at https://deq.nc.gov/about/divisions/coastal-management/coastal-
management-permits/variances-appeals.  
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Respectfully yours, 
 
 
 
Haley Moccia – Town of Carlina Beach LPO 
 
Cc (by email): Robb Mairs, CAMA LPO Minor Permit Coordinator 
 Tara MacPherson, Wilmington Region District Manager 

Bryan Hall, DCM Field Rep 
Haley Moccia, Town of Carolina Beach LPO 
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Exhibit 14- Krichman Affidavit with attachments 

 

Includes: 

- Krichman Affidavit, signed and notarized 
- Summary of Construction Experience 
- New Artificial Turf Study from Europe 10/29/25 (not attached but at this link) 

https://enveurope.springeropen.com/articles/10.1186/s12302-025-01235-1 
- Quotes from Washington Post article that Mr. Krichman believes are important 
- Cali 73 Turf warranty information 
- ASTM reports on permeability and tear rating 
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From: Andrew Krichman <krichco@mindspring.com> 

Subject: Brief Construction Background 

Date: October 7, 2025 at 7:33:26 AM EST 

To: "Goebel, Christine A" <Christine.Goebel@deq.nc.gov> 

 

Andrew Krichman has been a licensed General Contractor in the state of NC for over 
30 years and holds an Unlimited building License. He founded and actively managed 
Krichco Construction Inc.and has successfully completed over $100 Million of 
construction. Krichco Construction has built some of the finest estate homes in 
Durham and Orange Counties including homes for the CEO of Duke Medical Center, 
many well respected Duke Physicians, UNC Chapel Hill representatives and the home 
that Coach K lives in.  

 

Many of these estate homes are situated on 20, 50, or 100 acres and I am  well versed 
in walking land to determine best use as well as sighting the home, road access, gates, 
guest houses, pool houses, horse barns, and pastures. The most meaningful part of 
this work is creating a sustainable estate that takes into account the natural setting 
while working with and enhancing the land and property.  

 

My experiences have included siting on numerous boards. Including multiple board 
positions with the Durham, Orange, Chatham Home Builders Association as well as 
being the President of the DOC HBA and being responsible for hiring the replacement 
Executive Director when former Durham Mayor Nick Tennyson left his role to become 
Deputy Secretary of Transportation under his good  friend Pat McCrory. The woman I 
hired, Holly Fraccaro has been the Executive Director of the DOC HBA for over 10 years 
and is highly respected. 

 

In New Hanover County, I have overseen construction and consulted on 
multiple  waterfront construction projects including bulkheads and docks as well as 
renovated and maintained waterfront homes.  
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RESEARCH

Simultaneous sampling for microplastics 
and environmental contaminants from artificial 
turf: development of a new integrated 
microplastics eluate lysimeter
Maria Kittner1*, Bianca Coesfeld1, Thomas Werischak1, Sven Schlau1, Korinna Altmann1 and Ute Kalbe1 

Abstract 

To get a better understanding of potentially harmful contaminant emissions from soils or materials into the environ-
ment, politics demand practical and holistic sampling concepts for environmental samples such as leachates con-
taining polycyclic aromatic hydrocarbons (PAH) or heavy metals, and hazardous particulate matter like microplastics 
(MP). Of particular concern are MP emissions from artificial turf sports pitches. So far, there has been only very limited 
data on MP mass emissions from artificial turf potentially posing a risk to the groundwater and no sampling device 
that allowed simultaneous sampling for dissolved and particulate contaminants. In this study, a novel integrative 
microplastics eluate lysimeter was developed to determine contaminant emissions from three artificial turf systems 
at different ageing states (fabric-new, artificially aged, real-time aged). For the accelerated ageing, all environmental 
simulation parameters were based on Central German conditions and simulated outdoor stress during the turf service 
lifespan of 15 years. MP masses from eluates were analysed using thermal extraction desorption-gas chromatogra-
phy/mass spectrometry, PAH concentrations using gas chromatography/mass spectrometry and heavy metals using 
inductively coupled plasma-optical emission spectroscopy. Results showed that no PAH or heavy metal concentra-
tions from the seepage water were above German legal limits for alternative granular construction materials con-
sidering soil and groundwater protection. Furthermore, it was found that only minimal MP emissions were released 
from new turf systems into the seepage water (< 1 mg/m2). Ageing of the artificial turf increased MP formation, 
especially from rubber infill and grass fibres, which are then carried into the seepage water. The highest total MP emis-
sions over a simulated turf lifespan of 15 years were detected in two real-time aged turf systems ranging from 136.4–
252.5 mg/m2. Considerably less total MP emissions were detected in accelerated aged artificial turf systems, one 
of which contained a synthetic rubber infill (5.4–8.0 mg/m2) and one without rubber infill (0.2–5.3 mg/m2). In sum-
mary, it was demonstrated that the newly developed MEL generated reliable and reproducible data and has thus 
proven itself as an integrated, straightforward and automated sampling device for simultaneous monitoring of par-
ticulate and dissolved pollutant emissions from simple soil matrices.

Keywords  Lysimeter, Microplastics, Artificial turf, Thermal extraction desorption-gas chromatography/mass 
spectrometry, TED-GC/MS, Polycyclic aromatic hydrocarbons, PAH, Heavy metals, Soil samples

Background
Public and political awareness of potentially harm-
ful emissions of man-made plastics into the envi-
ronment is steadily increasing. In addition to health 
concerns about released pollutants (e.g. polycyclic 
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aromatic hydrocarbons, PAH), particulate matter such as 
microplastics (MP) is also constantly gaining in relevance 
[12, 46, 54]. Based on the precautionary principle, the 
European Commission has therefore introduced the new 
Directive 2023/2055 in September 2023 to reduce MP 
emissions into the environment, which includes the sale 
and use of intentionally added MP [33]. This ban explic-
itly applies to the use of synthetic rubber infill in artificial 
turf systems because of its particle size < 5 mm. However, 
the ban also raises concerns about the impact on football 
clubs and recreational sport and thus the future of artifi-
cial turf sports pitches.

In general, the amount of artificial turf pitches in 
Europe is steadily increasing. This is because artificial 
turf has established itself in recreational sports due to 
many advantages. Compared to natural turf, artificial turf 
requires less maintenance (e.g. fertilisation, watering) and 
is playable throughout the year in almost any weather 
condition. Therefore, it allows for intensive usage, which 
is particularly crucial to cover the demand for recrea-
tional sports in high-density living areas. According to 
the ECHA, there were 13,000 artificial turf pitches in the 
EU in 2019 [31]. There is no official data on the number 
and area of artificial turf pitches in Germany [14]. How-
ever, it was estimated from the DIN NA 005–01–22 AA 
Working Committee on Artificial Surfaces and Arti-
ficial Turf Surfaces in 2019 [24]  that there are a total of 
around 7,000 artificial turf pitches in Germany, varying 
in surface area and infill type. Most of them (ca. 5,000 
pitches) are large pitches with an average size (ØA) of 

7,000 m2, of which ca. 3,500 pitches are filled with rub-
ber granules, ca. 1,000 pitches are purely sand filled and 
ca. 500 are unfilled hockey pitches. In addition, there are 
approx. 200 small pitches (ØA: 700 m2) and 1,400 mini 
pitches (ØA: 260  m2), which are also filled with rubber 
granulates. Presently in Germany, synthetic infill made 
of EPDM (ethylene propylene diene monomer rubber, 
Fig. 1c) is most commonly used. EPDM is considered to 
be more environmentally friendly than the formerly used 
granules made from shredded end-of-life car tyres, which 
include, among others, SBR (styrene butadiene rubber) 
and can partially contain hazardous additives, e.g., heavy 
metals like zinc and lead or PAH [2, 31, 44]. Synthetic 
rubber infill, or the so-called performance infill, is added 
to artificial turf to protect players from injuries and the 
grass fibres and backing from abrasion. It improves mate-
rial longevity to maximise the artificial turf service lifes-
pan, which is typically around 12–15  years. In general, 
artificial turfs for sports pitches are highly developed 
and complex multi-component systems and consist of 
multiple synthetic polymers from which MP can poten-
tially emit. Especially, abrasion of grass fibres is also con-
sidered to be a relevant MP source [13]. The calculation 
of an overall mass balance for MP emissions from arti-
ficial turf pitches is very complex, as the individual site-
specific conditions can vary greatly from pitch to pitch. 
The following parameters are important: i) climate zone 
(Nordic countries show a much higher discharge due 
to snow); ii) generation of artificial turf (third-gener-
ation systems show reduced discharge behaviour); iii) 

Fig. 1  Artificial turf composition: a) schematic overview, b) microscopic picture of artificial turf and c) of EPDM granules
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structural installations (with/without drainage system, 
type and quantity of infill). There have already been vari-
ous studies from a wide variety of organisations in the 
past, mainly focusing on the emissions of rubber gran-
ules [4, 47, 48]. Based on surveys of associations, local 
authorities and experts in planning, construction, sup-
ply and production, as well as the experience of its mem-
bers, the DIN NA 005–01–22 AA (2019) estimated that 
approx. 60–80% of granule losses are due to a lack of or 
improper maintenance measures and techniques, approx. 
5–15% to snow clearing, approx. 10–20% to heavy rain-
fall events and wind drift and approx. 3–5% to adhesion 
to athletes’ clothing, bodies and shoes. Depending on the 
construction of the artificial turf pitch, the seepage water 
is either passed through a drainage system into a sewage 
treatment plant or surface water, or it infiltrates through 
the soil into the groundwater.

So far, to our best knowledge, there is no reliable data 
to estimate total MP emissions from seepage water from 
artificial turf sports pitches. Furthermore, no holis-
tic sampling concepts and devices are available to allow 
simple and fast analysis of dissolved and particulate con-
taminants in eluates from soil media [39]. However, this 
is of great political interest and regulatory importance 
in view of the forthcoming revision of the European 
Water Framework Directive. It is proposed that it should 
include the assessment of MP emissions into surface 
water and groundwater to ensure good qualitative and 
quantitative status of all European water bodies [32, 34]. 
But this requires the development of suitable research 
monitoring methodologies.

In previous projects, a methodology has been estab-
lished using laboratory-scaled column percolation tests 
to assess the environmental compatibility of artificial turf 
and sports surface systems regarding the release of con-
taminants and their transport via the soil–groundwater 
transfer pathway [38, 43]. Results showed that it is nec-
essary to take the entire structure of such systems into 
account, as there are no direct assessment criteria for 
the individual turf components. Such investigations were 
carried out for several common sports pitch installations. 
The contaminant concentrations in the eluates were com-
pared with the limit values of a German regulation for 
the use of recycling materials in construction [5] which 
has been set into force in 2023. The concept for the risk 
assessment considering soil and groundwater protection 
has already been discussed [49]. According to the state of 
the art, up-flow column percolation tests under saturated 
conditions are used following standardised guidelines [17, 
27, 30, 51]. So far, lysimeters using unsaturated condi-
tions and somewhat larger dimensions have not yet been 
standardised, although they can provide a more realistic 
assessment of the leaching behaviour of contaminated 

soils. Laboratory lysimeters are usually irrigated from 
the top, which is closer to field conditions. The obtained 
eluates are subsequently analysed for organic and inor-
ganic contaminants. Since MP science is a relatively new 
research field, to date, there are no standardised proto-
cols for MP sampling from leaching tests to analyse and 
evaluate the transfer behaviour of MP through soil. Fur-
thermore, classical lysimeters are i) not suitable because 
components can be made of target-polymers and thus do 
not fit the contaminant-specific material requirements 
(risk of cross-contamination); and ii) not made for MP 
sampling during long-term experiments. The main rea-
son is that standard lysimeters do not have accessible fil-
ters that could allow for MP sampling. The only option 
would be an additional manual eluate filtering step of the 
large eluate glass collecting bottle, which can weigh up 
to 5 kg when empty. Consequently, the full heavy eluate 
collection bottles (total weight with sample: up to 25 kg) 
would have to be manually lifted for filtering and multi-
ple rinsing, which is physically difficult to impossible and 
time-consuming. Additionally, this can pose high risks of 
injuries and cross-contamination when sampling for MP 
and dissolved contaminants.

To close this gap, we developed, constructed and in-
house manufactured an innovative microplastics elu-
ate lysimeter (MEL) which combines the simultaneous 
sampling of MP and released contaminants in one inte-
grative laboratory lysimeter system to assess emissions 
from seepage water into groundwater layers or drain-
age water. The main objectives of the MEL construction 
were firstly to develop an automated, straightforward 
and easy-to-use system, which requires minimum main-
tenance for time-efficient long-term tests and could 
therefore be used for routine monitoring. Secondly, it 
had to meet all contaminant-specific material require-
ments: for MP detection the use of plastic-free materials 
or materials from non-target polymers, for heavy metals 
the non-use of brass components, and for PAH the use 
of polytetrafluoroethylene (PTFE) tubes. Finally, the sys-
tem had to be safe and robust to generate reliable data 
regarding representativeness and reproducibility. There-
fore, the MEL is based on a classic lysimeter setup, which 
has been upgraded and modified by the integration of 
a novel MP filter module. The module allows the direct 
filtration of the eluate through stainless-steel MP filter 
crucibles made with a geometric pore size of 5 µm [7, 8]. 
Ahead of the MP filter module, a stainless-steel sieve is 
installed to retain the soil sample (mesh size: 1,000 µm). 
Therefore, the MEL allows MP sampling of the health-
relevant particle sizes of 1,000 ≥ 5  µm. The MP filter 
crucibles can be directly measured by thermal extrac-
tion desorption-gas chromatography/mass spectrometry 
(TED-GC/MS) without sample transfer losses and thus 
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reduced cross-contamination risks. TED-GC/MS is a fast 
automated method for the determination of MP masses, 
which uses polymer-specific decomposition products 
for MP detection [25, 26, 41]. Since its first introduction 
in 2015, TED-GC/MS established itself as an analytical 
MP monitoring method (ISO/DIS 16094–3: 2024, ISO/
TR 21960: 2020), which provides robust data for various 
environmental matrices [9, 42, 53].

The key objective of this study was to evaluate the con-
taminant releases from artificial turf systems via seepage 
water by developing and optimising the MEL to obtain 
reliable and reproducible data. Therefore, this study com-
pared environmental contaminant emissions of three 
artificial turf scenarios at different ageing states (fabric-
new/unaged, artificially aged and real-time aged): i) the 
past (oTurf: old, fossil-based turf with synthetic infill), ii) 
the present (fTurf: most commonly installed turf in Ger-
many, fossil-based with EPDM infill) and iii) the future 
(rTurf: turf with recycled grass fibres and no synthetic 
rubber infill). To simulate the outdoor stress during 
the turf lifespan of approximately 15  years, fabric-new 
turfs and EPDM granulate were accelerated aged by UV 
weathering and subsequent mechanical stress. Comple-
mentary to TED-GC/MS analyses for MP masses, the 
eluates were also analysed for PAH using gas chromatog-
raphy/mass spectrometry (GC/MS) and for heavy metals 
using inductively coupled plasma-optical emission spec-
troscopy (ICP-OES).

Methods
Materials
Artificial turf components
Artificial turf pitch components were fabric-new and 
provided by Polytex Sportbeläge Produktions-GmbH 
(Grefrath, Germany), concretely rTurf (turf with recycled 
polyethylene (PE) grass fibres, LT Cross R 235 18/8), fTurf 
(fossil-based turf, LT Cross 235 18/8), the elastic layer 
and EPDM and sand infill. Figure 1a gives an exemplary 
schematic overview of an artificial turf system. rTurf and 
fTurf consisted of PE grass fibres which are tufted with 
winding yarn of polyethylene terephthalate (PET) into a 
geotextile or carpet backing of polypropylene (PP), which 
is glued on the back with polyurethane (PU) to secure the 
grass fibres (Fig.  1b). Additionally, sand infill is used to 
weigh down the artificial turf and to keep the grass fibres 
upright. For fTurf, additional EPDM granules were added 
(4.2 kg/m2, Fig. 1c).

Underneath the artificial turf is an elastic layer mostly 
consisting of SBR granules from end-of-life car tyres 
bound with PU for better performance. Finally, an 
unbound base layer of mineral aggregates functions 
as a drainage layer and as a frost protection layer. The 
two analysed real-time aged old turfs (oTurf1/oTurf2) 

including their respective sand/synthetic infill mixtures, 
were provided by the artificial turf recycling company 
FormaTurf (Essen, Germany). oTurf1 consisted of PE 
grass fibres, PP backing and PET winding yarn, a polysty-
rene-based glue and an EPDM/sand infill mixture. oTurf2 
was composed of PE grass fibres, PP backing and wind-
ing yarn, SBR-based glue and an unspecified thermoplas-
tic elastomer (TPE) and sand infill mixture. All synthetic 
rubber/infill mixtures were representatively divided using 
a stainless-steel riffle splitter. All turf samples were first 
cut to pieces 20 cm in diameter and then nine small holes 
were randomly added into the backing to allow drainage 
of the eluent.

Unbound base layer
100  kg quartz gravel of different grain size fractions 
was washed and homogenised using an Eirich intensive 
mixer to obtain a grain size distribution in accordance 
with requirements for building material mixtures for 
frost protection layers [20, 35]. Thereby, the quartz frac-
tions were mixed as follows: 2–4  mm (45%), 4–8  mm 
(45%) and 8–16 mm (10%). The gravel was then sieved to 
separate the fine fraction (< 2 mm), which was generated 
during mixing. Next, the gravel was divided into repre-
sentative 25 kg portions and annealed overnight at 600 °C 
in ceramic trays to remove any potential plastic particles. 
After cooling down, the gravel was washed several times 
with deionised water until the water was clear to remove 
fine particles < 1 mm and then dried at 30 °C. Each MEL 
was filled with 10 kg gravel and irrigated for 7 h to remove 
the last fine adhesive gravel particles, which could poten-
tially clog the MP filter crucibles. Stainless-steel round 
filters (mesh size: 5 µm, Gebr. Kufferath AG, Düren, Ger-
many) were inserted into the MP filter module to remove 
larger gravel particles, which could potentially clog the 
small PTFE tubes. The gravel was then left in the MEL 
for approx. 2 d to allow residual water to run off. As the 
gravel was still moist, it was necessary to determine the 
saturation time using a complete test system to prevent 
residual water from the gravel being collected within the 
first fraction. The saturation time was 1 h.

Accelerated ageing of artificial turf
To simulate the outdoor weathering during the turf ser-
vice lifespan of 15 years, the artificial turfs (rTurf/fTurf ) 
and EPDM infill were accelerated aged using a combi-
nation of UV weathering and mechanical stress. First, 
the samples were UV irradiated in a weathering device 
(Global UV Test 200, Weiss Umwelttechnik GmbH, 
Reiskirchen, DE) using UVA-340  nm fluorescent lamps 
in accordance with DIN EN ISO 4892–3:2016 [22]. The 
temperature range was −10 to 70  °C, simulating both 
cold and warm exposure or summer and winter phases. A 
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24 h cycle was as follows: 1:13 h heating up, 21:04 h con-
stant 70 °C, 1:13 h cooling down, 0:30 h constant −10 °C. 
The long 70  °C phases served as a temperature-induced 
reaction accelerator for polymer ageing. The artificial 
turf samples (dimensions: 80 × 40  cm) were vertically 
attached in the weathering device with metal hooks. 
EPDM granules were UV weathered horizontally with 
deflection mirrors in nine stainless-steel containers with 
sample weights of 150 g each (total: 1.35 kg). The artifi-
cial turf could not be subjected to irrigation or wet expo-
sure, because potentially formed MP would have been 
flushed into the UV weathering device. As a compromise, 
a constant relative humidity of 90% was chosen. Since the 
EPDM granules were UV  weathered horizontally, they 
were additionally exposed to moisture by daily manual 
watering of 100  mL of deionised water for each con-
tainer. For the calculation of the irradiation time, the tar-
get irradiation of 15 years in Potsdam (2,700 MJ/m2 UV, 
Deutscher Wetterdienst [15]) was used as an example for 
central German UV conditions. Thus, the artificial turf 
was UV irradiated for 16 d and the EPDM granules for 
35 d. Further details on the UV irradiation time calcula-
tion can be found in Kittner et al. [40]. After UV weather-
ing, the mechanical stress on artificial turf and its EPDM 
granules over its service lifespan of 15  years was simu-
lated in a Lisport wear device (Labosport, Le Mans, FR) 
in accordance with DIN EN 15306: 2014 and FIFA guide-
lines [36]. For this purpose, the samples were subjected 
to 60,000 cycles with two stainless-steel rollers with poly-
amide cleats, each weighing 28.5 kg, whereby the second 
roller rotated at a 40% lower speed than the first roller. 
The sand and EPDM infill masses varied depending on 
the artificial turf type and were based on the manufac-
turer installation specifications for real sports pitches. 
Therefore, rTurf was mechanically stressed using 24.0 kg/
m2 sand, while for fTurf a mixture of 15.3 kg/m2 sand and 
4.2 kg/m2 EPDM was used.

Construction of the microplastics eluate lysimeter
The MEL consists of three main components (Fig. 2a + b): 
1. control module with irrigation system; 2. glass lysim-
eter with MP filter module and 3. eluate collecting bottles 
with vacuum coupling. Figure 2d shows the control mod-
ule (BMT Fluid Control Solutions GmbH, Friedrichsdorf, 
DE), which is connected to the in-house deionised water 
supply (pressure: 5–6  bar). First, a water detector with 
an upstream solenoid shut-off valve is installed and the 
water detector placed on the laboratory floor as a safety 
measure to shut off the water supply in the event of a 
leakage. Subsequently, a water pressure regulator reduces 
the in-house line pressure to a water pressure of 1  bar 
for optimal irrigation of the mist spray nozzle. Follow-
ing is a digital timer with a solenoid valve which allows 

automatic long-term experiments with variable irriga-
tion intervals. The control module is connected via sili-
con hose with the irrigation system (Fig. 2e). There, the 
silicon hose is attached to a height-adjustable rod into 
which a nozzle head (spray angle: 80°, full cone spray pat-
tern, Micro Rain Systems, Altenburg, DE) is screwed. The 
height adjustment enables different irrigation angles and 
sample filling heights. The irrigation characteristics can 
be changed by using different nozzle heads. This allows 
the simulation of fine mist, drizzle or rain. The rod is 
screwed into the lysimeter lid, which sits in the upper 
flange on top of the glass lysimeter (outer/inner diameter: 
215/200 mm, height: 650 mm), which is firmly mounted 
to a table. The upper lid, upper and lower flange, rod and 
nozzle head are made of the non-target polymer poly-
vinyl chloride. The transparent glass cylinder allows the 
monitoring of the correct functioning of the MEL system 
and the general experiment process. The sample configu-
ration corresponded to the schematic structure in Fig. 1a 
up to the building ground (Fig. 2f ). The cylinder is placed 
on the lower flange (Fig. 2b + g), which is funnel-shaped 
for improved eluate run off.

On top of the lower flange is a stainless-steel sieve 
that retains large solid particles but allows MP (< 1 mm) 
to pass through. Following next is the MP filter module 
(Fig. 2h), which is newly constructed to automatically fil-
trate the eluate through MP filter crucibles (Fig. 2i, Gebr. 
Kufferath AG) and contain MP ≥ 5  µm, but can also be 
used with round filters. Finally, the eluate is collected 
through a PTFE hose in a 20-L glass bottle coupled with 
a vacuum pump that generates a low vacuum (700 mbar, 
Fig.  2a) to facilitate filtration through the small-mesh 
MP filter crucibles. Figure 2g shows an additional safety 
overflow (height: 200  mm) with a built-in sieve (mesh 
size: 5  µm) so that—in the event of MP filter crucible 
clogging—the eluate can be collected in a 10-L safety 
glass bottle. Both eluate collecting bottles are placed on a 
rolling board to transfer the bottles to a water pump and 
scale for i) collecting 1 L eluate samples for subsequent 
PAH and heavy metal analyses, ii) weighing the eluate 
for determination of the flow rate and liquid-to-solid 
ratio (l/s) of the fractions and iii) emptying the collecting 
bottles. For easy and fast emptying of the MEL after the 
experiments, a stainless-steel auxiliary device has been 
manufactured (Fig. 2c), which is secured around the MEL 
with a tension belt.

Simultaneous sampling concept
To unite the specific analysis requirements of the dif-
ferent environmental contaminants, a joint sampling 
concept was developed based on a similar to DIN 19528–
23: 2023 [17] (up-flow laboratory-scaled column percola-
tion test). The l/s ratios were determined using the total 
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Fig. 2  Structure and main elements of the MEL: a) overview, b) technical drawing, c) auxiliary emptying device, d) control module, e) irrigation 
system, f) artificial turf system, g) lower flange with overflow, h) MP filter module, i) MP filter crucibles
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sample masses (dry matter) and eluent volume resulting 
from the flow rate and percolation time (without satura-
tion time). The targeted l/s of the fractions were modified 
and ranged from l/s 0.3 to 25. The total eluent volume 
was calculated corresponding to field conditions of the 
natural precipitation in Central Germany of an artifi-
cial turf sports pitch over its service lifespan of 15 years. 
Here, Potsdam served as a regional benchmark with an 
average annual precipitation of 585.8  L/m2 [16]. Based 
on the glass cylinder area of 0.03 m2, this corresponds to 
18.4 L/year or a total target irrigation volume of 276 L for 
the simulation of 15 years. For time efficiency of the long-
term experiments, in total four MEL were constructed 
and sampled simultaneously. To compare the effects of 
accelerated ageing on contaminant emissions, the MEL 
experiments were carried out with both farbric-new and 
accelerated aged artificial turf of the same sample (rTurf/
fTurf ), each over the same irrigation volume of 276 L. 
The eluent flow rate was measured twice: i) before the 
start of the experiment by collecting and weighing the 
obtained eluate over a defined time period and ii) con-
tinuously during the experiment by weighing the eluate 
volume obtained from the individual fractions. The irri-
gation time of the individual fractions was controlled by 
an automated time switch. To prevent clogging of the 
MP filter crucibles (Fig. 2f ), the irrigation intervals were 
adapted to the expected MP emissions and were either 
set to 7  h or 3  h. At a flow rate of approx. 45  mL/min, 
this corresponded to eluate volumes of approx. 18 L or 
8 L, respectively. Consequently, the number of fractions 
analysed varied between 18 and 35 microfilter crucibles 
per experiment.

For the determination of the solid matter content, the 
densities of the individual components were measured 
in accordance with DIN 66137–2:2023 [18] using a gas 
pycnometer (Ultrapyc 5000, Anton Paar, Ostfildern-
Scharnhausen, DE) under a helium atmosphere at 20 °C. 
The density of the complete system was calculated as the 
mean value of the densities of the individual components, 
taking into account the mass fractions of the individual 
components in the complete system. Additionally, the 
total density of the complete system is required for fur-
ther calculations of the flow regime parameters, e.g. pore 
volume, flow rate and contact time. The detailed data on 
the individual turf components of the column packaging 
can be found in the Supplementary Information (SI) in 
SI-Tab. 1.

Heavy metal analysis
The eluates were analysed for heavy metals using ICP-
OES (iCAP7400, Thermo Fisher Scientific, DE, USA) 
in accordance with the current standards DIN  EN ISO 
22036: 2022 [23] and EN ISO 11885: 2009 [28]. Aliquots 

of 20 mL were taken from the eluates and preserved with 
five drops of 65% nitric acid based on DIN EN ISO 5667–
3: 2018 [29] (pH < 2). Analyses were performed using the 
QTEGRA software (Thermo Fisher Scientific). The limits 
of quantification (LOQ) were determined in accordance 
with DIN 32645: 2008 [19], Formula 14, and can be found 
in SI-Tab. 2.

PAH analysis
PAH is a class of substances comprising several hundred 
individual compounds, which consist of interconnected 
aromatic benzene ring systems. For this assessment, 
16 substances selected by the US EPA are analysed and 
summed up (16PAH), which cover the spectrum from 
naphthalene with two aromatic rings to the higher molec-
ular PAH up to six rings. The limit values were set for an 
l/s of 2  L/kg which has been proven to be suitable for 
risk assessment. PAH concentrations in the eluates were 
determined in accordance with DIN EN 17503: 2022 [21] 
using GC/MS. For sample preparation, 900  mL eluate 
was weighed in a 1-L DURAN® glass bottle and spiked 
with 100  μL internal standard (PAH-Mix 31, Dr Ehren-
storfer GmbH, Augsburg, DE, diluted with acetonitrile 
to a concentration of 1  mg/L each of naphthalene-d8, 
acenaphthene-d10, phenantrene-d10, chrysene-d12 and 
perylene-d12). 50 mL hexane was added and the mixture 
agitated in a horizontal shaker for 1  h at 125  rpm. The 
content of the glass bottle was then transferred to a 1 L 
separatory funnel by rinsing with ultrapure water and, 
after sufficient separation, the aqueous phase was iso-
lated from the organic phase. The latter was transferred 
to a 200-mL Erlenmeyer flask and dried using sodium 
sulphate (Na2SO4) for a minimum of 30  min. The dry 
extract was then transferred to a 450  mL special vessel 
and residual Na2SO4 was washed three times with 20 mL 
hexane. The wash solution was combined with the extract 
in the Rocket vessel. To this mixture, 50  μL iso-octane 
was added as a keeper. The extract was then concentrated 
to approx. 200  μL using an evaporator (Rocket Syn-
ergy, Genevac Ltd., Ipswich, UK) with the "MTBE 100" 
method (35 °C, ΔT, final stage 2 min, cooler: −10 °C). The 
concentrated extract was quantitatively transferred to 
the volumetric flask and diluted up to 1 mL with hexane. 
Subsequently, the PAH in the extract were analysed using 
a GC/MS system with automatic autosampler (6890N, 
7683B, Agilent, Santa Clara, CA, USA). The compounds 
were firstly separated in a chromatographic column (ZB-
PAH-EU, Zebron, 2  min 50  °C, heating rate: 30  °C/min 
to 120  °C, 5  °C/min to 320  °C 6  min hold, helium flow: 
0.8  mL/min) and then analysed in a mass spectrometer 
(ion source: 230 °C, quadrupole: 150 °C, electron impact 
ionisation: 70  eV, 5973, Agilent). The injection volume 
was 1 μL and the injector temperature 280 °C. The LOQ 
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was also determined in accordance with DIN 32645: 
2008, Formula 14 [19] (see SI-Tab. 3).

Microplastics analysis
After sampling, the MP filter crucibles were oven-dried 
at 40  °C and weighed. MP masses were identified by 
TED-GC/MS using polymer-specific thermal degrada-
tion products and their specific retention times (tR) and 
characteristic fragment ions. First, the crucibles were 
pyrolysed from 200 to 500  °C at a heating rate of 10 K/
min using a thermogravimetric analyser (TGA2, Met-
tler Toledo Columbus, OH, USA, nitrogen atmosphere, 
flow rate: 50  mL/min). The operating temperature was 
optimised to the narrower temperature range of 200–
500 °C (in previous work: 25–600 °C), as this is the range 
in which most polymers pyrolyse. As a result, only the 
thermal degradation products of the relevant tempera-
ture range are sampled, the solid-phase adsorber gets 
less loaded with irrelevant thermal degradation products 
(e.g. of environmental matrices) and the TED-GC/MS 
analysis is faster. Further details on the new methodo-
logical optimisations of the TED-GC/MS analysis will 
be soon available in Wiesner et  al.  (tba) [52]. The GC/
MS measurements of the solid-phase adsorber (polydi-
methylsiloxane adsorber, Envea GmbH, Karlsfeld, DE) 
were performed in a gas chromatograph (7890, 5977B, 
Agilent), which allowed the analysis of the mass-to-
charge ratio (m/z) from 35 to 350. Further informa-
tion on the TED-GC/MS measurement principles and 
parameters is described in detail in the literature [1, 25, 
41]. Within this work, the TED-GC/MS polymer marker 
pool was expanded and new polymer marker compounds 
for EPDM and PU were determined. An overview of all 
polymer marker compounds used for MP detection is 
given in SI Tab. 4. The polymer-specific limits of detec-
tion (LOD) and LOQ were determined from the fivefold 
or tenfold signal-to-noise ratio using the polymer marker 
compound and its m/z used for quantification and the 
enhanced ChemStation software (version 2015, Agi-
lent). The determined LOD’s were 1.1 µg for PE, 0.03 µg 
for PP, 0.2 µg for PET, 0.05 µg for SBR, 2.1 µg for EPDM 
and 0.3  µg for PU. For MP quantification, the polymer-
specific response factors were determined by one-point 
calibrations of the respective turf system components. 
The LOQ’s were as follows: 2.2  µg for PE, 0.06  µg for 
PP, 0.4 µg for PET, 0.1 µg for SBR, 4.2 µg for EPDM and 
0.6  µg for PU. All presented TED-GC/MS results are 
above LOQ.

Quality control and assurance
To reduce the risks of cross-contamination, the MEL ful-
fils all contaminant-specific material requirements (MP: 
plastic-free or non-target polymer materials, PAH: PTFE 

hosing, heavy metals: no brass materials). Further, all 
laboratory work was carried out under maximum plas-
tic-free conditions, with minimal sample exposure times 
and plastic-free equipment (e.g. stainless-steel or glass). 
After the experiments, all parts of the MEL were disman-
tled and thoroughly cleaned. The glass cylinder and all 
glass collecting bottles were first washed with soap, then 
rinsed with deionised water, ethanol and finally with ace-
tone. The smaller MEL components (1  mm sieve, over-
flow filter, MP filter module, MP filter crucibles) were 
also first washed with soap, subsequently rinsed with 
deionised water and then cleaned in an ultrasonic bath, 
first with ethanol and then with acetone for 15 min each. 
The upper part of the MP filter module containing the 
ball valve needed to be cleaned manually due to avoid-
ing damage to the sealing rings. Additionally, the PTFE 
and silicone hoses were rinsed with ethanol. For quality 
assurance and to avoid possible carry-over and contami-
nation, blank values were carried out by irrigating the 
empty, sample-free MEL for 7 h or 18 L and subsequent 
TED-GC/MS, GC/MS and ICP-OES analyses, each in 
duplicate. The TED-GC/MS blank results showed mini-
mal MP contamination in one blank with 0.01 mg/m2 PP 
and 0.01 mg/m2 PET, whereas the second blank was MP-
free. Additionally, analytical blank measurements were 
carried out for TED-GC/MS analyses before each sam-
ple measurement, which corresponds to the procedural 
blank measurements.

Further, an initial screening of MP recovery rates was 
performed using a polymer mixture of two certified MP 
reference materials of PET (BAM-P206) and PE (BAM-
P210) as well as a PP reference material candidate. Details 
about their particle size distributions can be found in the 
respective data sheets and reports in the BAM webshop 
(https://​websh​op.​bam.​de). Duplicate determinations 
were carried out to simulate different magnitudes of MP 
emissions: one with 0.3 mg each and a second one with 
1 mg each of PET, PE and PP. The polymer mixtures were 
evenly distributed on the metal sieve of an empty MEL 
and irrigated for 7 h. The average flow rate was 44 ± 3 mL/
min, resulting in a total irrigation volume of 18  L. The 
filter crucibles were then oven-dried at 40 °C and subse-
quently analysed by TED-GC/MS.

Results and discussion
Heavy metal emissions
The release of heavy metals from seepage water from 
artificial turf has been reported in previous studies [6, 
45]. The strongest limit values of the German regula-
tion [5] to be kept at l/s 2 L/kg for soil materials are 
210 µg/L for zinc, 41 µg/L for copper, 31 µg/L for nickel 
and 19  µg/L for chrome. For recycling materials (qual-
ity RC-1), the limit values are less stringent: 110 µg/L for 
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copper, 150 µg/L for chrome and no limits for zinc and 
nickel. Figure 3 illustrates the results for these heavy met-
als for all turf system scenarios investigated. It shows that 
at l/s 2 L/kg there were no exceedances of the strongest 
German limit values. Only the initial concentrations for 
nickel were somewhat higher, representing the easily 
mobile fraction (so-called first flush) of nickel.

This could be due to a surface wash-off, particularly in 
the case of the new turf containing recycled grass fibres 
(rTurf_new). The zinc concentrations of real-time aged 
turf (oTurf2) were at a higher level (up to 123  µg/L) in 
comparison to the values for the other turf systems. This 
indicates that in earlier productions of artificial turf com-
ponents, here most likely the TPE rubber infill, more 
zinc oxide was used, which serves to vulcanise rubber. 
This is further emphasised by the fact that no Zinc was 
found in the eluates of the new, unaged turf systems. Zinc 
is mainly released from old tyres that are processed into 
SBR granules and used in the elastic base layer. Due to 

the varying quality of tyres, the zinc concentrations also 
fluctuated greatly in previous studies [10, 37, 38]. Age-
ing did not influence the chrome release significantly. But 
for zinc copper and nickel, the ageing led to somewhat 
higher releases, as can be seen in Fig.  3. There were no 
critical concentrations measured for other metals in the 
eluates. All heavy metal emission results can be found in 
detail in SI-Tab. 2.

PAH release
Figure  4 illustrates the release of the sum of 16PAH (∑ 
16PAH) during the MEL experiments. Results showed 
that all PAH concentrations were below the legal limits of 
BMUV [5] for ∑ 16PAH at l/s 2 L/kg, although naphtha-
lene is not considered for the limit values of eluates due 
to its volatile character. For all turf systems investigated, 
a decrease in PAH release is observed with increasing 
l/s. The highest initial concentration with ∑ 16PAH of 
1.4  µg/L was found in the new turf containing recycled 

Fig. 3  Heavy Metals results of MEL experiments using ICP-OES. Shown are the mean metal concentrations with their ranges in µg/L with their 
ranges of the different ageing status of the analysed artificial turf scenarios over the course of the analysed liquid-to-solid ratio (l/s). As a rule 
of thumb, it can be assumed that an l/s of 2 L/kg represents roughly one year of irrigation under German conditions. Additionally, the red dashed 
lines present the respective German legal limits for soil materials at l/s 2 L/kg [5]. Since just the zinc concentrations of both real-time aged turfs 
(oTurf1/oTurf2) varied greatly, their zinc results are presented separately. For copper, nickel and chrome their values were similar and thus shown 
together
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grass fibres (rTurf_new), followed by the fabric-new turf 
containing fossil-based fibres (fTurf_new) with 0.8 µg/L. 
The limit value for the best quality of recycling material 
(RC-1 according to BMUV [5]) is 4  µg/L for ∑  15PAH 
(without naphthalene). The main amount of PAH in the 
eluates consisted of naphthalene, especially for the fabric-
new systems (see Tab. SI–3). Additionally, acenaphthene, 
which is used in polymer production, is present in meas-
urable concentrations, although its water solubility is rel-
atively low. At the final l/s of the experiments (25 L/kg), 
the concentration of ∑ 16PAH decreased to a compara-
ble low level between 0.1 and 0.2 µg/L for all turf systems 
investigated, since the PAH with better water solubility 
are very likely almost depleted. It can be expected that 
the PAH release remains at a similar level in the following 
due to the very low water solubility of the substances with 
molecules of a larger size (higher number of aromatic 
rings). Ageing of turf components caused a lower release 
of PAH, as a loss of PAH occurred in the course of ageing. 
The concentration levels in the fabric-new systems can be 
considered maximum values for PAH emissions. For soil 
material, there is a limit value for benzo-a-pyrene of 0.2 
µ/L available [5], which refers to the most cancerogenic 
PAH and was always kept for the eluates of all analysed 
artificial turf systems at l/s 2 L/kg.

Microplastics emissions
Recovery rates
The MP recovery rates differed depending on the poly-
mer type. The individual mean recovery rates with their 
ranges were as follows: 91.1 ± 31.8% for PE, 45.4 ± 2.7% for 
PP and 95.4 ± 15.9% for PET. There are multiple potential 
reasons for the partially low recovery rates and high devi-
ations. Under-quantification could occur due to the filter-
ing setup with the MP filter crucibles, as only MP ≥ 5 µm 
is retained. Furthermore, over-quantification could be 
due to the release of residual MP particles from previous 
experiments that could not be removed by cleaning of the 
MEL, as the recovery rate experiments were performed 
after the experiments with the turf samples. However, 
the different particle size distributions of the representa-
tive test materials probably had the greatest influence 
on the recovery rates. Here, D50 is a central parameter 
that describes the median particle size distribution or 
the equivalent particle diameter of the measured volume, 
below which 50.3% of the particles lie [3]. Complemen-
tary analyses showed the following D50 values of the 
polymer test materials: 18.0 ± 0.2 µm for PE (BAM-P210, 
n = 30 measurements), 62.6 ± 1.9  µm for PET (BAM-
P206, n = 30 [3]) and 261.7 ± 4.5 µm for PP (BAM-P208, 
n = 30). Therefore, PE had the lowest median particle size 
while having the highest recovery rate deviation and PP 
had the highest median particle sizes while having the 
lowest deviation. Since the recovery rate is a percentual 
value, the loss or gain of individual particles can have 
high influences on the recovery rate, which was par-
ticularly true for PP, which had the largest mean particle 
sizes. As a result, the surface tension of the water was 
probably too strong inside the MEL, and the relatively 
fine irrigation mist was too weak to transport the large 
and heavy PP particles to the filter crucibles.

Challenges of EPDM analysis using TED‑GC/MS
For the quantification of MP emissions from synthetic 
rubber infill, the TED-GC/MS polymer marker pool had 
to be expanded to include EPDM detection. Using non-
target analyses of different EPDM granules and a litera-
ture review [11, 50], a homologous series of triplets each 
consisting of methyl alkene, alkene and alkane were iden-
tified as the main thermal decomposition products. Since 
alkanes and alkenes are non-specific thermal decompo-
sition products which can originate from different ali-
phatic compounds, seven methyl alkenes were chosen as 
characteristic polymer marker compounds for TED-GC/
MS analysis (see SI-Tab. 4). For validation in soil matri-
ces, two terrestrial middle earths (organic contents: < 1%) 
were spiked with two different EPDM granules at dif-
ferent weight percentages (wt%), in duplicate. The soil 

Fig. 4  PAH results of MEL experiments using GC/MS. Presented 
are the mean ∑ 16PAH concentrations of all analysed artificial 
turfs systems at different ageing status with their ranges in µg/L 
over the course of the liquid-to-solid ratio (l/s). As a rule of thumb, 
it can be assumed that an l/s of 2 L/kg represents roughly one year 
of irrigation under German conditions. Both real-time aged turf 
(oTurf1/oTurf2) ∑ 16PAH results were similar and thus shown together
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sample masses were 20 mg and 50 mg and EPDM masses 
between 0.2 and 0.3 mg, corresponding to 0.5 wt% and 1 
wt% EPDM. Although some polymer markers (EPDM-1, 
EPDM-2, EPDM-6) were difficult to detect due to coe-
lutions with organic compounds from the soil matrix, 
the results showed overall a good identifiability of most 
EPDM markers (EPDM-3, EPDM-4, EPDM-5, EPDM-7) 
in both matrices at different concentrations. However, 
the recovery rates revealed that the quantifiability of 
EPDM in both soil matrices is affected by matrix com-
pounds. As a result, at high EPDM concentrations (1 
wt%), the uncertainties were lower with recovery rates 
of 67% and 100% than at low EPDM concentrations (0.5 
wt%) with recovery rates of 163% and 243%.

In the next validation step, EPDM granules were ana-
lysed in a polymer matrix consisting of artificial turf com-
ponents (PE, PP, PET, PU). The results showed a recovery 
rate of EPDM of 127 ± 8% and thus an over-quantifica-
tion, indicating that the new EPDM markers were also 
present in other turf components. Detailed TED-GC/MS 
analyses showed that the EPDM markers were only found 
in the analysis of pure PE of the grass fibres, but not in 
the other turf components. Therefore, using methyl alk-
enes as EPDM markers could potentially lead to EPDM 
over-quantification when PE particles are present in 
the sample. The similarity of the thermal decomposi-
tion products of EPDM and PE can be explained by their 
polymeric molecular structures, as both contain ethyl-
ene units. Since EPDM also consists of a propylene and 
a diene unit, here 5-ethylidene-2-norbonene according 
to the manufacturer, less dominant thermal degradation 
products were further examined to overcome this ana-
lytical challenge. Unfortunately, this approach was not 
successful because either the EPDM thermal pyrolysis 
degradation products described by other researchers, 
e.g. 3- and 4-ethylidene-1-cyclopentene [11], were not 
detectable or non-specific. Another approach was indi-
rect detection via EPDM vulcanisation agents, e.g. ben-
zothiazole or 2-methyl-benzothiazole. However, detailed 
analyses of TED-GC/MS results showed that this was 
unsuitable due to high detection inconsistencies and thus 
posed the risk of EPDM under-quantification.

In conclusion, the analytical challenges of EPDM 
detection using TED-GC/MS analysis have not yet been 
resolved and both analytical approaches can lead to 
either potential over- or under-quantification of EPDM 
mass contents in unknown samples. Due to a lack of 
alternatives and because risk assessment is of crucial 
importance within this project, the decision was made to 
use the seven methyl alkenes listed in SI-Tab. 4, knowing 
well that this could lead to a potential over-determina-
tion. For this reason, the best identifiable thermal decom-
position product, 2-methyl-1-undecene (EPDM-3), was 

used for EPDM quantification to estimate maximum MP 
emissions of EPDM rubber infill.

Microplastics masses
Figure 5 shows the summed total mean MP results (log) 
over the total irrigation volume, which can be found in 
detail in Table 1. The highest MP contents were detected 
in both real-time aged oTurf1/oTurf2 representing the 
past scenario (∑MP: 136.4–252.5  mg/m2). The main 
MP emissions sources were the synthetic rubber infills 
(∑EPDM/TPE: 42.2–192.5  mg/m2) and the grass fibres 
(∑PE: 21.7–38.7  mg/m2). This can be explained by the 
fact that on an artificial turf, outdoor stress caused by 
weathering (e.g. by UV radiation or photo-oxidation) and 
mechanical stress (e.g. by sand infill, studs on football 
shoes, artificial turf maintenance machines) mainly affect 
the rubber granules and the grass fibres, leading to mate-
rial fragmentation. In this context, it was surprising that 
only comparably low PP contents formed by the back-
ing surfaces were detected in both real-time aged oTurfs 
(∑PP: 1.9–2.3  mg/m2), since they were also exposed to 
real outdoor stress. This indicates that the backing is pro-
tected by the rubber granules against the outdoor stress, 
especially from the abrasion effects caused by the sand 
infill.

Additionally, high contents of the backing glue were 
detected in oTurf1 with 69.6  mg/m2 and oTurf2 with 
19.5  mg/m2. This is probably due to the sample place-
ment in the MEL glass cylinder, as i) the backing glue was 

Fig. 5  MP mass results of MEL experiments using TED-GC/MS. 
Shown are the mean ∑MP masses in mg/m2 with their ranges (log), 
subdivided in artificial turf scenarios with and without synthetic 
rubber infill and their ageing status. The polymer abbreviations 
are as follows: polyethylene (PE), polypropylene (PP), polyethylene 
terephthalate (PET) polyurethane (PU), polystyrene (PS), styrene 
butadiene rubber (SBR), ethylene propylene diene monomer rubber 
(EPDM), thermoplastic elastomer (TPE)
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already brittle and ii) cutting out the round 20  cm turf 
samples could have led to fraying of the edges and thus 
to increased MP formation. Further, it is important to 
note that the backing glue of oTurf2 was SBR-based and 
had therefore the same thermal decomposition products 
as SBR, making them analytically indistinguishable from 
the SBR elastic layer. However, since the backing glue 
was so brittle, it can be assumed that the majority of the 
detected SBR can be assigned to MP emissions from the 
backing glue.

The TED-GC/MS results of the present scenario 
showed that for the fabric-new fTurf, minimal total MP 
emissions (∑MP: 0.1–0.9 mg/m2). This was mainly from 
the PU backing glue, probably due to residual particles 
produced when cutting the turf samples. Additionally, 
only minimal emissions from the rubber infill (∑EPDM: 
0–0.2  mg/m2) were detected. These were probably 
smaller particles formed during production or transport, 
as the granules are produced with a target size > 1  mm 
(Fig.  1c). The accelerated ageing of fTurf led to MP 
increases of approximately tenfold and thus to total MP 
emissions of 5.4–8.0 mg/m2, mainly from the rubber infill 
(∑EPDM: 3.1–4.3  mg/m2) and grass fibres (∑PE: 2.3–
3.2 mg/m2). Further, minor emissions of the PP backing 
and SBR elastic layer were detected.

The future scenario had overall the lowest MP emis-
sions of all analysed turf scenarios. Like the present 
scenario, the fabric-new rTurf had only minor total MP 
emissions (∑MP: 0.8–0.9 mg/m2), mainly from the back-
ing glue (∑PU: 0.6–0.8  mg/m2) which was probably 
due to particle residues formed during the sample cut-
ting. After accelerated ageing, the MP emissions also 
increased by approximately a fivefold to a total MP con-
tent of 0.2–5.3 mg/m2. Here, the main MP emission rTurf 

components were the grass fibres (∑PE: 0–2.4  mg/m2), 
backing (∑PP: 0–1.5 mg/m2) and the elastic layer (∑SBR: 
0–1.4  mg/m2). For comparison, e.g. with field data, all 
MP results are also available in SI-Tab. 4 expressed in 
the unit µg/L. The MP contents in µg/L differ marginally 
from those in mg/m2, as the irrigation volume per MEL 
differed slightly per experiment.

Microplastics emissions per artificial turf sports pitch
All MP results are expressed in the unit mg/m2 to form 
a database that enables an extrapolation of MP emis-
sions per artificial turf pitch of any size. The aim here is 
to get an idea of the approximate order of magnitude of 
maximum MP emissions. When extrapolating the MP 
results for an aged standard artificial turf sports pitch 
(7,000 m2) during its service lifespan of 15 years, the MP 
emissions from seepage water into the groundwater lay-
ers or drainage water correlated to 954.7–1,767.8  g for 
the past, 3.8–56.1 g for the present, and 1.1–37.0 g for the 
future scenario. To our best knowledge, this is the first 
published data on experimentally determined mass con-
tent-based results of MP emissions from seepage water 
of artificial turf sports pitches. Overall, the MEL results 
are indicating that MP emissions towards the groundwa-
ter layers or drainage water are comparably low, which 
confirms the theoretical evaluation of Bertling et al. [4]. 
However, all MP emission paths must be included in a 
total MP assessment, e.g. wind, water run-off and artifi-
cial turf maintenance.

Conclusions
Although there is data on the release of pollutants for 
individual components of artificial turf systems, it is 
not possible to derive an assessment of the risk to soil 

Table 1  Summary of MP emissions of all analysed artificial turf scenarios of different ageing states expressed in mg/m2

Since duplicate determinations were carried out, the polymer mass contents are shown with their value ranges. A hyphen indicates that no MP content above the 
limit of quantification was detected

Polymer type Artificial turf component Microplastics masses of artificial turf scenarios in mg/m2

Past: oTurf Present: fTurf Future: rTurf

Real-time 
aged oTurf 1

Real-time 
aged oTurf 2

Fabric-new Accelerated aged Fabric-new Accelerated aged

EPDM Rubber infill 42.15 – 0–0.15 3.06–4.32 – –

TPE Rubber infill – 192.54 – – – –

PE Grass fibres 21.70 38.65 – 2.31–3.18 0–0.26 0–2.39

PP Backing 2.28 1.89 – 0.04–0.05 0–0.03 0.01–1.46

PET Winding yarn – – – – 0.01–0.07 0–0.11

SBR Elastic layer/backing glue 0.67 19.47 – 0–0.48 – 0–1.42

PS Backing glue 69.58 – – – – –

PU Backing glue – – 0.13–0.79 – 0.58–0.76 –

∑MP in mg/m2 136.38 252.54 0.13–0.94 5.41–8.02 0.83–0.89 0.16–5.28
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and groundwater from this. Instead, the approach of 
considering the entire structure of artificial turf systems 
has once again proven its worth in this project since it 
was also suitable for quantifying the discharge of MP. 
The artificial turf results showed that all contaminant 
emissions of PAH and heavy metals were under the 
German legal limits and thus uncritical—also for the 
aged samples. Regarding the MP emissions, all fabric-
new turf showed minimal MP emissions, while turf age-
ing led to MP increases, mainly from synthetic rubber 
infill and grass fibres. In practice, the newly developed 
MEL proved to be a suitable holistic sampling device 
for simple, straightforward and automated monitor-
ing of particulate and dissolved contaminant emissions 
from simple soil matrices, like artificial turf, from seep-
age water into the groundwater layers. Additionally, the 
MEL could also be used for emission analyses of other 
materials, e.g. for building or construction, to investi-
gate MP transports and potential leaching of hazardous 
substances. In conclusion, the MEL has the potential 
for implementation in future research concepts and 
may be applied to other matrices to obtain data in the 
context of the European Water Framework Directive 
and future European regulations.
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Krichman Affidavit Attachment: his quotes from WaPo articles he thinks are important:  

The following 3 quotes are from a Washington Post video specifically addressing the flooding on Canal 
Drive in Carolina Beach. Video was produced by Ray Whitehouse with reporting by Brady Davis and Niko 
Kommenda. June 13th 2024.  
 
 
“As much as an additional foot of seas level rise is expected along this stretch of the coast by 2050.”  
 
“That, Scientists say, means that sunny day flooding will become only more chronic in Carolina Beach.” 
 
This “forces difficult questions about how to adapt to this changing reality” - Washington Post video by 
Ray Whitehouse with reporting by Brady Davis and Niko Kommenda. June 13th 2024.  
 
 
_________________ 
 
 
 
Quotes from another Washington post article “The Drowning South, Anatomy of a Flood” June 11th 2024 
by Brady Dennis, Niko Commend and Emily Wright for the Washington Post 
This article specifically is speaking about Canal Drive in Carolina Beach 
 
The Washington Post had set up cameras in multiple places along the road, capturing in real time the 
many ways that ever-higher tides exacerbate flooding, and why local efforts to cope with this growing 
scourge are often falling short in communities where seas are rising the fastest. 
 
"local efforts to cope with this growing scourge are often falling short in communities where seas are 
rising the fastest." 
 
"flooding more persistent and more insidious over time.” 
 
"in an area where sea levels have risen 7 inches since 2010 — among the highest in the country, 
according to a Post analysis.” 
 
"In Carolina Beach alone, they have documented 60 days over the past year when Canal Drive flooded, 
many of those during clear weather. That’s far more than the four to eight high-tide floods projected by 
the federal government for the same period, based on measurements from a nearby tide gauge.” 
 
 
“Seas are rising across the South faster than almost anywhere.” 
 
“She and her colleagues working to decipher a fuller picture in specific places, keep arriving at the same 
conclusion. “It is flooding more than we know,” she said- Professor Katherine Anarde “ 
 
“The deepening problems of sea rise poses such a daunting task” 
 
“The stormwater pipes and drains along this stretch of Carolina Beach were built generations ago, when 
they were above the high-tide line. But as this part of the Southeast Atlantic coast experiences one of the 
most rapid sea-level surges on earth, high tides regularly swallow the infrastructure that is supposed to 
drain city streets, leaving water nowhere to go.” 
 
“But such approaches can prove expensive, face regulatory hurdles” 
 
“As sea levels continue to rise, Anarde says, these types of floods will happen during more high tides, 
linger longer, and cause only more damage. “It’s just going to get worse,” she said.” 
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“Over the past year, researchers have logged dozens more flooding events along Canal Drive than official 
estimates from the National Oceanic and Atmospheric Administration, whose scientists say high-tide 
floods in the South are already happening five times as often as just several decades ago.” 
 
“As times go on, and the trend continues- seas are predicted to rise as much as an additional foot along 
this stretch of coast by 2050- these floods will force hard questions in coastal towns.” 
 
“Absent significant investments in adaptation, we’ll see a rapid increase in the incidence of chronic 
flooding relative to what we are seeing right now,” “Hino said”.    Miyuki Hino, University of North Carolina 
at Chapel Hill 
 
 
___________________ 
 
 
Following Quotes from “Land-based Sensors Reveal High Frequency of Coastal Flooding” Studying flood 
sensors in Carolina Beach NC  
Authors: Miyuki Hino, Tessa Fridell and Anthony Whipple, University of North Carolina at Chapel Hill; 
Katherine Anarde, Ryan McCune, Thomas Thelen, Elizabeth Farquhar and Perri Woodard, North 
Carolina State University 
Published: June 2, 2025 Nature Communications Earth & Environment 
This work was done with support from the U.S. Department of Homeland Security under grant number 
2015-ST-061-ND0001-01. 
 
 
“In addition to being inaccurate in terms of how often it is flooding, our findings also show that the actual 
duration of the floods is longer than is captured by the HTF and NWF thresholds,” Hino says. “Essentially, 
the thresholds don’t adequately account for how long it takes water to drain off of land.    “Every 
community is unique, so there’s no one-size-fits-all solution,” says Hino. “But with more accurate data, we 
can help communities assess what response strategy is best for them, now and in the future.” 
 
Anarde says. “For example, Carolina Beach had 65 days of flooding.” 
 
“More accurate information on coastal flooding can inform where and how we invest resources in building 
more resilient communities,” says Anarde. 
 

137



 
  

 

 

LIMITED 15 YEAR LANDSCAPE WARRANTY 

 

WARRANTY PERIOD 

 
This Warranty shall be in force and remain in effect for a period of fifteen (15) 
years beginning on the date of invoice (“Effective Date”) and, except as 
otherwise provided, covers North America including the United States and 
Canada. 

 
WARRANTY 

1. All synthetic turf is subject to normal wear and tear. Normal wear and tear 
are not a manufacturing defect and is not covered by this warranty. 

2. Pile Retention Limited Warranty: Tailor Made Grass warrants that the 
Product will retain at least 50% of its pile fiber when: 
a. when properly installed by an installer who originally purchased the 
material from Tailor Made Grass; 
and 

3. Proration of Warranty. Years 1-8 (100% product replacement), Years 9-15 
(10%) 

LIMITATIONS AND EXCLUSIONS TO THIS WARRANTY. 

1. Purchaser may make a one-time transfer of this warranty to the owner of 
the project in the product(s) were installed. No further transfer, 
conveyance, or assignment of all or any rights under this warranty are 
permitted without prior written consent from Tailor Made Grass. Any such 
transfer or assignment without prior written consent shall void this warranty.  

2. This Warranty covers first quality Products only, and is not applicable to 
Products sold as seconds, closeouts or irregulars. 
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3. This Warranty does not apply to product installed with known visual 
defects. Installer must notify manufacturer prior to installation of known 
problem else warranty will be void. 

4. This Warranty specifically excludes defects or damages caused by: 
a. improper installation, joining of seams or repairs; 
b. Burns, cuts, accidents, vandalism, abuse, negligence, or neglect; 
c. Improper design or failure of the sub-base of the sports field, golf green, 
court, or lawn; 
d. Wear or abrasion caused by inadequate sub-base; 
e. Wear or abrasion under swing sets, slides, and other high friction play 
equipment; 
f. Wear or abrasion on high friction areas of field; 
g. Wear due to lack of infill/no infill; 
h. Shrinking or melting of fibers due to reflection or other sources of 
extreme heat; 
i. Texture variation of fibers (sub-pile/thatch products); 
j. Expansion / Contraction of product due to lack of infill, improper 
securing of edges; 
k. Use of infill products of an incorrect grade resulting in seam ruptures; 
l. Failure to maintain infill products at the correct level of 50% of pile height 
or otherwise noted on product specification sheets; 
m. Use of inappropriate footwear or sports equipment (or lack of 
footwear); 
n. Use of chemicals, herbicides, pesticides (unless approved by yarn 
manufacturer in writing) 
o. Use of improper cleaning methods 
p. Loss of tuft bind / fiber loss due to chemical and/or gas spills and leaks 
(includes leaks 
from equipment driven or used on turf surfaces); 
q. Wear / Fiber loss due to animals / animal traffic; 
r. Any harmful chemical reaction to the product caused by infill materials 
s. Acts of God or other conditions beyond the reasonable control of 
Purchaser or Tailor Made Grass; 
t. Post fibrillation after or during installation for purposes other than to get 
infill materials in place; 
u. Failure to install seams, lines, logos properly; 
v. Failure to properly maintain / repair seams, lines, logos; 
w. Packing, matting, or roll crush marks of Products as these are inherent 
characteristics of Products manufactured using polypropylene/olefin and 
nylon fibers; 
x. Product damage occurring during the shipping/transportation process. 
All shipping claims must be filed against the truck line in question, a signed 
BOL must me noted with any shipping defects at time of delivery / pickup; 
aa. Heat / temperatures of turf surface due to sources of natural 
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environment, including sunshine, high air temperatures, and underlayment 
pad products. 

NO EXPRESS OR IMPLIED WARRANTIES 

 
LIMITATIONS ON LIABILITY 

Tailor Made Grass’ sole liability for any and all damages resulting from any cause 
whatsoever, whether based in contract, negligence, strict liability, other torts, or 
otherwise shall be limited to the original price of the Product. 
IN NO EVENT SHALL TAILOR MADE GRASS BE LIABLE FOR LOST PROFITS OR 
REVENUES, LOSS OF USE OR SIMILAR ECONOMIC LOSS, OR FOR INDIRECT SPECIAL, 
INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR SIMILAR DAMAGES ARISING OUT OF 
OR IN CONNECTION WITH SUCH CAUSE. 

 
PURCHASER’S OBLIGATION TO INSPECT UPON DELIVERY 

 
Purchaser must promptly inspect all Products upon delivery and notify Tailor 
Made Grass in writing of any defects, shortages or non-conformities within 30 
days of the date of delivery (“Delivery Date”). Notwithstanding anything herein 
to the contrary, if Purchaser fails to promptly inspect and identify any Product 
defects, shortages, or non-conformities which are discoverable by inspection 
within 30 days of the Delivery Date, Purchaser shall be deemed to have 
accepted the Products as is and Tailor Made Grass shall have no obligations 
and/or liability with respect to such defects, shortages. 

MODIFICATION 

 
THIS WARRANTY CONSTITUTES THE FINAL AND EXCLUSIVE WARRANTY TERMS FOR 
THE PRODUCTS AND MAY NOT BE MODIFIED EXCEPT BY AN OFFICER OF Tailor 
Made Grass. 

GOVERNING LAW 

 
This Warranty and its terms and conditions shall be exclusively governed by the 
laws of the State of Georgia without regard to its conflicts of law provisions. 
Purchaser agrees that the exclusive venue for any action pertaining to 
transactions between the Company and Tailor Made Grass shall be the Superior 

140



Court of Murray County, Georgia Purchaser hereby waives all personal 
jurisdiction defenses with respect to said venue. 
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www.testingservices-usa.com    (706)226-1400
office@testingservices-usa.com

Testing Services (TSI) LLC
817 Showalter Avenue
PO Box 1343
Dalton, GA  30721

Report #
Lab Test Number:

Report Date:

OUR LETTERS AND REPORTS APPLY ONLY TO THE SAMPLE TESTED AND ARE NOT NECESSARILY INDICATIVE OF THE QUALITIES OF APPARENTLY IDENTICAL OR SIMILAR PRODUCTS. THESE LETTERS AND REPORTS ARE FOR THE USE ONLY OF THE CLIENT TO WHOM THEY ARE ADDRESSED AND THEIR 
COMMUNICATION TO ANY OTHERS OR THE USE OF THE NAME TESTING SERVICES, INC. MUST RECEIVE OUR PRIOR WRITTEN APPROVAL. OUR REPORTS, LETTERS, NAME, SEALS, OR INSIGNIA ARE NOT UNDER ANY CIRCUMSTANCES TO BE USED IN ADVERTISING TO THE GENERAL PUBLIC.

Page 1 of 1

CLIENT:                                  TEST MATERIAL:
Company: ProGlobal Products Date Material Received: October 23, 2020
Address: PO Box 1432 Material Type: Synthetic Turf

Dalton, GA 30722 Material Condition: Excellent, New
Material ID: 60 oz

Requested By: Forrest Jaquith Infill: None

TESTING METHODS REQUESTED:
Testing Services Inc. was instructed by the client to test for the following…

Standard: ASTM F1551 Test Method: Standard Test Methods for Comprehensive Characterization of Synthetic Turf Playing Surfaces and 
Materials: Suffix-DIN 18-035, Part 6: Water Permeability of Synthetic Turf Systems and Permeable Bases

SAMPLING PLAN:
Sampling Date: 10/23/2020

Specimen sampling is performed in the sampling department at TSI.
The sampling size of specimens is determined by the test method requirements. 
In the event a specific sampling size is not called for, a determination will be made based on previous testing experience, and approved for use by an authorized manager. 
All samples are subjected to the outside environmental conditions of temperature and relative humidly. 
Sample requiring pre-determined exposure to specified environmental conditions based on a specific test method, take place in the departments in which they are tested

DEVIATION FROM TEST METHOD:
State reason for any Deviation from, Additions to, or Exclusions From Test Method.

None

PROCEDURE: This test method determines the rainfall drainage capacity (permeability) of the playing surface. Test data values represent drainage rates vertically thru the turf only, 
and do not take into account the percolation properties of an infill, pad and/or an underlying sub base.  Three specimens, 11.5” diameter, were cut from the 15’ turf roll, 
side-center-side manner. Each turf specimen was securely fastened to the permeability tube using mechanical flanges, ensuring vertical water flow thru the product.
Water was pumped into the tube faster than could exit, until the water level reached 6”. The water source was shut off, allowing the accumulated 6” water level to recede. 
The recede was timed via stopwatch until the water level exited the turf. The flow time was recorded in seconds. This procedure was repeated a total of 4 times where, 
the first pass was for conditioning, with passes 2,3,4 used for averaging. This process was repeated on the remaining specimens. 

DEVIATION FROM TEST METHOD:
State reason for any Deviation from, Additions to, or Exclusions From Test Method.

None

TEST SUMMARY: 

Specimen # Drainage (Seconds) gal/min/yd² Rainfall Capacity (inches/hour)
1 4.7 430.1 1319.6
2 4.1 491.1 1506.7
3 4.3 474.2 1454.8

Average 4.4 465.1 1422.5

Uncertainty:
We undertake all assignments for our clients on a best effort basis. Our findings and judgments are based on the information to us using the latest test methods available.  
TSI can only ensure the test results for the specific items tested. 
Unless otherwise noted in the deviations sections of this report, all tests are performed in compliance with stated test method.

Test Report Approval: 

  Erle Miles, III, Lab Director Testing Services (TSI) LLC
TSi Accreditation: TSi is a certified independent testing laboratory by the STC (Synthetic Turf Council).

LABORATORYY TESTT REPORT

ASTM F1551; Suffix DIN 18-035 Water Permeability

81620B
3230-4985

November 4, 2020

Digitally signed by Erle Miles 
DN: cn=Erle Miles, o=Testing 
Services Inc., ou, 
email=tsioffice@optilink.us, c=US 
Date: 2020.11.05 14:34:22 -05'00'
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Krichman Variance 

Statements of support from Neighbors Amy Groff  (815 Canal Drive) and Justin Cox (811 
Canal Drive) 

__________________________________________________________________________________ 

On Feb 24, 2025, at 8:45 AM, Goebel, Christine A <Christine.Goebel@deq.nc.gov> wrote: 
 
Received.  Thank you Ms. Groff. 
  
From: amyogroff@gmail.com <amyogroff@gmail.com> 
Sent: Monday, February 24, 2025 8:34 AM 
To: Goebel, Christine A <Christine.Goebel@deq.nc.gov> 
Subject: [External] Turf on 813 Canal 
  

CAUTION: External email. Do not click links or open attachments unless verified. Report 
suspicious emails with the Report Message button located on your Outlook menu bar on 
the Home tab. 
 
My name is Amy Groff and I own the property at 815 Canal Dr, immediately to the north 
of 813 Canal Dr.  When Andy Krichman bought the property at 813 Canal Drive the high tide 
washed up onto his property twice a day and the property was in rough shape.  (Prior to 
Andy buying it we had actually been told it was going to be a tear down and the lot was not 
rebuildable).  He has done a tremendous job with the property and made many 
improvements.   The property looks great!  The addition of the artificial turf is very 
asthetically pleasing and stabilizes the ground. There is never any standing water on it, he 
doesn’t need to put chemicals down like natural grass, and the ground stays in place as 
opposed to some of the nearby properties that have experienced sinkholes recently. In my 
opinion, it would create an undue hardship for him to have to remove the turf.  I also believe 
if he is able to leave this artificial turf in place it would make sense to allow others to utilize 
the product as well.   I had bought turf for my side yard, but was told within a few days that I 
needed to remove it, which I did immediately.  I then had to pay for sod as well as have the 
expense of turf I could not return.   
I am in favor of allowing the artificial turf to remain in place at 813 Canal Dr.  I will be very 
curious to confirm if turf is going to be allowed in the future!  I do think there are some 
positives to it and am interested to learn if moving forward turf will be allowed.   
  
Amy Groff 
Sent from my iPhone 
 

 

 You don't often get email from amyogroff@gmail.com. Learn why this is important  
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From: Justin Cox <justin.brycecox@gmail.com> 
Subject: Turf on Canal 
Date: February 11, 2025 at 2:08:42 PM EST 
To: christine.goebel@deq.nc.gov 
Cc: andy@krichco.com 
 
Hi Christine 
 
 
My name is Justin Cox  and I own the property at 811 Canal Dr, just to the south of 813 
Canal Dr.  I have seen pictures of the property at 813 Canal Dr. before  Andy Krichman 
bought the property. .  The property was in terrible condition with water washing across the 
property every day.  I would not have purchased the property next door in that condition. 
Andy has dramatically improved the property. The artificial turf he has installed looks and 
works very well. In my opinion, it makes his and my property safer. I would like to see the 
artificial turf stay in place. Please let me know if I can do or say anything to assist in a 
positive outcome for he and others to be able to use good quality artificial turf in a 
responsible, environmentally safe manner such as he has done.  
 
 
Thank you,  
 
 
 
Justin Cox 
811 Canal Dr  
Carolina Beach NC  
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Jonathan Lucas

NC Dept of 
Environmental Quality

Division of Coastal 
Management

Artificial Turf Grass and CAMA Rules
November 13, 2024
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www.xgrass.com
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Photo source from 321Turf.com
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Coastal Shoreline AEC Category
Estuarine Shoreline AEC - in 
effect to the end of Coastal 
Fishing Waters.

• Inland 75 ft* from Normal 
High Water

Public Trust Shoreline AEC - in 
effect to the extent of navigability.

• Inland 30 ft from Normal 
High Water

Together comprise the Coastal 
Shorelines AEC category
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(or buffer)
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Buffer Rule 15A NCAC 07H .0209(d)(10)
• Permitted Water-dependent Structures

Docks, Piers, Boat Ramps, Bulkheads, Accessways.
 

• Non-water Dependent Exceptions
Pile Supported Signs, Fences, Elevated Slatted Wooden 
Boardwalks (6 ft wide), Crab Shedders, 
Decks/Observation Decks (200 sq.ft.), grading, 
excavation, and landscaping with no wetland fill.
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Shoreline Jurisdictions

10

• Estuarine Shoreline AEC extends 75’ landward from 
NHW/NWL (575’ adjacent to ORWs).

• 30’ Buffer - extends landward from NHW/NWL.
• Exception: CAMA Buffer does not apply in areas (Neuse 

and Tar-Pamlico) where the EMC has adopted buffers.
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15A NCAC 02B .0714 Neuse 
Maintenance of Existing Riparian 
Buffers

15A NCAC 02B .0734 Tar Pam 
Maintenance of Existing Riparian 
Buffers

NCDWR Buffer Rules  
Buffer Zones on 

Streams, Lakes, Ponds, 
Coastal Water
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NCDEMLR-Coastal State Stormwater Rules 
15A NCAC 02H .1019(6)(b) 

VEGETATED SETBACKS. For all subject projects within 
the Coastal Counties, vegetated setbacks from perennial 
waterbodies, perennial streams, and intermittent streams 
shall be at least 50 feet in width for new development 
and at least 30 feet in width for redevelopment and shall 
comply with Rule .1003(4) of this Section. 
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New Hanover County Unified Development (9/3/2024) 
5.7.5. Vegetated Buffer Controls for Conservation 

(C) Buffer Standards

1. Buffers shall extend 35 feet measured horizontally from the edge of the 
conservation resource and on a line perpendicular to and landward of the 
conservation resource.

2. The plant material in the buffer zone must be either retained in a natural, 
minimally disturbed condition, or properly managed in accordance with the 
management standards presented in subsection 5 below. In cases where 
vegetation does not exist within the buffer, the County shall require 
restoration efforts which include, but are not limited to, replanting of the 
buffer zone with plant species as recommended in the “Reference Lists and 
Publications for Guidance in the Selection of Vegetated Buffer Plants.”

Local Level Buffer Ordinance
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“In order to retain the effectiveness of the 30’ buffer in filtering 
runoff, Staff request that the Commission confirm DCM’s 
interpretation that the application of artificial turf within an Area 
of Environmental Concern requires a CAMA permit, and that it 
is not allowable under the “landscaping” exception to the 30’ 
buffer at 15A NCAC 07H.0209(d)(10)(G). 

While DCM can permit this material within the 75’ or 575’ AEC, it 
may be deemed as impervious surface based on a case-by-case 
review and therefore count toward the maximum allowable 
impervious surface coverage (depending on installation methods 
and materials, and any existing impervious surfaces).” 
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Buffer Implementation
• Clear Intent

- CRC considered wide range of uses
- Consistent in not allowing non-water dependent uses

• Buffer Identified as Crucial to Water Quality
- Filtering contaminants from runoff
- Infiltration
- Stabilizing soil
- Slowing floodwaters
- Preserving natural character of shorelines
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In 2021, the CRC confirmed DCM’s interpretation that 
the application of artificial turf within an AEC requires 
a CAMA permit, and that it is NOT allowable under 
the “landscaping” exception to the 30’ buffer. 
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N.C.G.S.143-214.7D (September 2024 update) For purposes of implementing State or local 
government stormwater programs, "built-upon area" means impervious surface and partially 
impervious surface to the extent that the partially impervious surface does not allow water to 
infiltrate through the surface and into the subsoil. “Built-upon area” does not include:

• A slatted deck

• The water area of a swimming pool; 

• A surface of number 57 stone, as designated by the American Society for Testing and 
Materials, laid at least four inches thick over a geotextile fabric; 

• A trail as defined in G.S. 113A-85 that is either unpaved or paved as long as the pavement is 
porous with a hydraulic conductivity greater than 0.001 centimeters per second (1.41 inches 
per hour); or 

• Landscaping material, including, but not limited to, gravel, mulch, sand, and vegetation, 
placed on areas that receive pedestrian or bicycle traffic or on portions of driveways and 
parking areas that will not be compacted by the weight of a vehicle.

• Artificial turf, manufactured to allow water to drain through the backing of the 
turf, and installed according to the manufacturer’s specifications over a pervious 
surface.

Built-upon area as per General Statute
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AECs in the Ocean Hazard System  
• Ocean Erodible Area

– Boundary: Erosion rate 
x 90 (min. 180 ft)

• Inlet Hazard Areas
– Boundary pre-

determined by CRC

180 ft
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Ocean Hazard Setback

A building or other structure less than 5,000 square feet requires a minimum setback 
of 60 feet or 30 times the shoreline erosion rate, whichever is greater.
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20

Artificial turf is not 
listed as a permitted 
exception in the 
oceanfront setback, 
as per 15A NCAC 
07H .0309
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Permitted exceptions in the oceanfront setback
15A NCAC .0309(a)
1. Campsites
2. Driveways and parking areas with clay, packed sand, or gravel;
3. Elevated decks not exceeding a footprint of 500 square feet. Existing decks 

exceeding a footprint of 500 square feet may be replaced with no enlargement 
beyond their original dimensions;

4. Beach accessways consistent with Rule .0308(c) of this Section;
5. Unenclosed, uninhabitable gazebos with a footprint of 200 square feet or less;
6. Uninhabitable, single-story storage sheds with a foundation or floor consisting 

of wood, clay, packed sand or gravel, and a footprint of 200 square feet or less;
7. Temporary amusement stands consistent with Section .1900 of this Subchapter;
8. Sand fences; 
9. Swimming pools
10.Fill not associated with dune creation that is obtained from an upland source 

and is of the same general characteristics as the sand in the area in which it is 
to be placed.

183



184



Jonathan Lucas

NC Dept of 
Environmental Quality

Division of Coastal 
Management

Artificial Turf Grass and CAMA Rules – Part II
February 26, 2025
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Positive claims about artificial turf
• No fertilizer
• No pesticides
• No watering
• No gasoline used for mowing
• It is durable
• Rubber infill keeps tires out of 

landfills 
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Negative claims about artificial turf
• Artificial turf contains toxic and 

carcinogenic chemicals
• Exposure from inhaling the 

dust, accidental ingestion, 
absorbance into skin

• These chemicals can leach 
into the environment
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Crumb rubber and human health

Opponents Proponents
Tire crumb rubber contains toxic and 
carcinogenic chemicals including heavy 
metals and Polycyclic Aromatic 
Hydrocarbons (PAHs).
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Crumb rubber and human health
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Crumb rubber and human health
Opponents Proponents

Tire crumb rubber contains toxic and 
carcinogenic chemicals including heavy metals 
and Polycyclic Aromatic Hydrocarbons (PAHs).

Scientific studies have not found the 
exposure levels of these chemicals to pose a 
risk to humans.
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Crumb rubber and human health

• “…while chemicals are present as 
expected in the tire crumb rubber, human 
exposure appears to be limited...” U.S. 
Federal Action Plan on Recycled Tire Crumb 
Rubber Used on Synthetic Turf Playing 
Fields and Playgrounds

• “Health risk assessment studies suggested 
that users of artificial turf fields, even 
professional athletes, were not exposed to 
elevated risks.” Cheng et al 2014, 
Environmental Science and Technology

8
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Crumb rubber and human health
Opponents Proponents

Tire crumb rubber contains toxic and 
carcinogenic chemicals including heavy metals 
and Polycyclic Aromatic Hydrocarbons (PAHs).

• Scientific studies have not found the 
exposure levels of these chemicals to pose 
a risk to humans

• “Exposures to many carcinogens at the 
same time can cause cancer, even when 
individual levels of each carcinogen are 
low.”

• “Many of the chemicals found in crumb 
rubber have had no toxicity testing by the 
federal government, and therefore their 
toxic effects are unknown.” (EHHI 2017)
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Crumb rubber and human health
Opponents Proponents

Tire crumb rubber contains toxic and 
carcinogenic chemicals including heavy metals 
and Polycyclic Aromatic Hydrocarbons (PAHs).

• Scientific studies have not found the 
exposure levels of these chemicals to pose 
a risk to humans

• “Exposures to many carcinogens at the 
same time can cause cancer, even when 
individual levels of each carcinogen are low.”

• “Many of the chemicals found in crumb 
rubber have had no toxicity testing by the 
federal government, and therefore their toxic 
effects are unknown.” (EHHI 2017)

If tire rubber were a concern, officials would 
be much more concerned about universal 
exposure to tire wear particles from vehicles 
on roads. 
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Floridatirerecycling.com

Motz Safeshell®

by Senbis
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Artificial Turf Weathering and Lifespan

• Lifespan of artificial turf is 10 years for a sports field, 20 years for a lawn

• Signs that maintenance is needed (as per Turfix® Synthetic Sports Field Specialists)
• Splitting and shedding turf fibers
• Color dulls to grayish-green
• Accumulation of infill on the sides of the field

• The maintenance process: decompaction and infill replenishment
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Artificial Turf Weathering and Lifespan

Photos: Artificial Grass Recyclers

Infill Extraction
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Artificial Turf Weathering and Lifespan

Photos: Artificial Grass Recyclers

Cut into strips
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Artificial Turf Weathering and Lifespan

Photos: Artificial Grass Recyclers

Remove rolls
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Artificial Turf Weathering and Lifespan

VARA Broadcasting: https://www.youtube.com/watch?v=Y5o3J7uy4Tk
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Artificial Turf in the Coastal Environment

• The material is durable, but does not last forever
• Artificial grass blades will split and shed.

• Escape of infill particles

• Infiltration and runoff
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Infiltration and runoff

20

• “Two varieties of artificial grass with varying pile 
height (short vs long) were compared with a living 
grass control.”

• “…both types of artificial grass displayed greater 
volumes and proportion of runoff than living 
grass, and that long artificial grass had 
significantly greater runoff than short artificial 
grass. Living grass was also significantly better 
at retaining water and delaying drainage 
compared to both artificial grasses…”

• “Plastic thatch and grass fibres were also shed 
from the artificial grass installations during the 
experiments and were carried in the runoff.” 
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Infiltration and runoff

21

• “Two varieties of artificial grass with varying pile 
height (short vs long) were compared with a living 
grass control.”

• “…both types of artificial grass displayed greater 
volumes and proportion of runoff than living grass, 
and that long artificial grass had significantly 
greater runoff than short artificial grass. Living 
grass was also significantly better at retaining 
water and delaying drainage compared to both 
artificial grasses…”

• “Plastic thatch and grass fibres were also shed 
from the artificial grass installations during the 
experiments and were carried in the runoff.” 
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Artificial Turf in the Coastal Environment

• Microplastic pollution

• Chemicals that leach via water runoff
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Artificial Turf in the Coastal Environment

23https://www.irlspecies.org/misc/benthic_story.php
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“Sedimentary exposure to tyre particles affects terrestrial organisms, inducing oxidative 
stress in the earthworm Eisenia fetida (Sheng et al., 2021) and reducing reproduction 
and survival in the springtail Folosomia candida (Selonen et al., 2021). Aquatic 
exposure affects growth and swimming behaviour in estuarine species; the springtail 
Menidia beryllina and the mysid shrimp Americamysis bahia (Siddiqui et al., 2022). As 
well as the physical effects caused by ingestion of particles, tyre wear particles 
can exert chemical effects through leaching of a cocktail of organic additives and 
metals into the surrounding water column and sediments (Halsband et al., 2020), or 
directly from the particles into the gastrointestinal fluids of organisms, as has been 
observed in fish (Masset et al., 2022; Masset et al., 2021). Leachates, with the particles 
removed, have proved lethal to marine copepods with an LC50 of 35 g.L−1 for Calanus 
sp. and <5 g.L−1 for Acartia longiremis (Halsband et al., 2020), whilst exposure to 
leachates of 30 g.L−1 tyre particles impaired swimming behaviour and caused 
oxidative stress in Limnocalanus macrurus (Lehtiniemi et al., 2021). A leachate 
concentration of 0.08 g.L−1 was associated with elevated markers of lipid 
peroxidation and membrane instability in the mussel M. galloprovincialis (Capolupo et 
al., 2021). This suggests that the chemical additives associated with tyre particles 
that leach into the water column, are toxic to aquatic animals.”

S.L. Garrard, J.I. Spicer, R.C. Thompson “Tyre particle exposure affects the health of two key estuarine invertebrates” 
in the journal Environmental Pollution

24
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Photo: NC Coastal Federation
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Photo: NC Coastal Federation
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Potential rule recommendations

31
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Coastal Shoreline AEC – Artificial Turf

32

Decision Method

Artificial turf not allowed in the AEC. Add this as a standalone rule in 07H .0209

Artificial turf allowed in the AEC, but not in 
the 30’ buffer

Add this as a standalone rule in 07H  
.0209. Potential conditions:
− State that it must meet the pervious standards 

of the General Statute
− Regulate the infill
− Limit square footage

Artificial turf allowed in the entirety of the 
AEC, including 30 ft. buffer.

Add this as a standalone rule in .07H. 
0209, with conditions.

Add this to the allowable exceptions in 
.0209(d)(10), with conditions.
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Ocean Hazard AEC – Artificial Turf

33

Decision Method

Artificial turf not allowed in the AEC. Add this as a standalone rule in 07H .0308

Artificial turf allowed in the AEC, but not in 
the Ocean Hazard setback.

Add this as a standalone rule in 07H  .0308. 
Potential conditions:
− State that it must meet the pervious standards 

of the General Statute
− Regulate the infill
− Limit square footage

Artificial turf allowed in the entirety of the 
AEC, including the setback.

Add this as a standalone rule in .07H .0308, 
with conditions.

Add this to the allowable exceptions in 
.0309(a), with conditions.
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Coastal Shoreline AEC – Plastic soil fibers

34

Decision Method

Plastic soil fibers not allowed in the 
AEC

Add this as a standalone rule in 07H 
.0209

Plastic soil fibers allowed in the 
AEC, but not in the 30 ft. buffer

Add this as a standalone rule in 07H  
.0209. Potential conditions:
− Limit the volume of soil fibers installed

Plastic soil fibers allowed in the 
entirety of the AEC, including the 30 
ft. buffer.

Add this as a standalone rule in 
.07H. 0209, with conditions.

Add this to the allowable exceptions 
in .0209(d)(10), with conditions.
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Jonathan Lucas

NC Dept of 
Environmental Quality

Division of Coastal 
Management

Artificial Turf Grass and CAMA Rules – Part III
April 30, 2025
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• CRC has authority to 
designate AECs

• CRC has authority to regulate 
development in AECs

1974 1977 1986 20011998-2000
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• First implementation of 15A 
NCAC 07H .0209 “Estuarine 
Shorelines” 

• 30’ buffer only adjacent to ORW

• Also - AEC extends only to limit 
of Coastal/Joint Fishing waters

1974 1977 1986 1999 2001
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• CRC considered amending the estuarine shoreline use 
standards in response to stormwater management rules being 
developed by EMC.

• CRC decided to delay action until EMC had codified their rules

1974 1977 1986 1998-2000 2001

“It is evident that existing regulations are not adequately protecting our fragile estuarine 
waters from the activities taking place in them.”
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• January 1998 – Implementation and Standards Committee
• Discussion on expanding the Estuarine Shoreline AEC
• Discussion on vegetative buffers

1974 1977 1986 1998-2000 2001
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• I&S Memo 424b (January 1998) - Benefits of buffers
• Stabilize soil
• Reduce sediment runoff
• Reduce runoff speed
• Enhance infiltration
• Reduce bacterial, nutrient, and pollutant loads
• Reduce viral and bacterial dispersion
• Provide wildlife habitat

“The effectiveness of any buffer zone is related to its width, slope,   
soil type, and vegetation.”

1974 1977 1986 1998-2000 2001
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1974 1977 1986 1998-2000 2001

Biological removal of pollutants and nutrients  

Surface flow is slowed by vegetation, allowing 
deposition of the sediment particles into the soil

Pollutants and nutrients attach to sediment 
particles in surface flow
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• March 1998 – Implementation and Standards Committee
• DCM Director recommended to that CRC establish a vegetative 

buffer along all jurisdictional waters. 
• CRC directed staff to draft rule language

• Early 1999 – Buffer rule (and public trust shoreline AEC) approved for 
public hearing

• November 1999 Meeting
• CRC adopted the rule. Went into effect August 1, 2000

1974 1977 1986 1998-2000 2001
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• January 2021 – CRC discusses adding buffer exceptions to the rule

• March 2001 – CRC approves proposed exceptions for public hearing

• Exceptions went into effect as .0209(d)(10)

1974 1977 1986 1998-2000 2001
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“In order to retain the effectiveness of the 30’ buffer in filtering 
runoff, Staff request that the Commission confirm DCM’s 
interpretation that the application of artificial turf within an Area 
of Environmental Concern requires a CAMA permit, and that it 
is not allowable under the “landscaping” exception to the 30’ 
buffer at 15A NCAC 07H.0209(d)(10)(G).”
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Should artificial turf be added as the 11th exception 
allowed in the 30 ft buffer?
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Coastal Shoreline AEC – Artificial Turf

12

Decision Method

Artificial turf not allowed in the AEC. Add this as a standalone rule in 07H .0209

Artificial turf allowed in the AEC, but not in 
the 30’ buffer

Add this as a standalone rule in 07H  
.0209. Potential conditions i.e.:
− State that it must meet the pervious standards 

of the General Statute
− Regulate the infill
− Limit square footage

Artificial turf allowed in the entirety of the 
AEC, including 30 ft. buffer.

Add this as a standalone rule in .07H. 
0209, with potential conditions.

Add this to the allowable exceptions in 
.0209(d)(10), with potential conditions.
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Floridatirerecycling.com

Motz Safeshell®

by Senbis
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Crumb rubber
Other plastic
Silica sand
Silica beads
Plant material

14
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Source: William James Topley, Topley Studio / Library and Archives Canada, MIKAN 3422387
https://ottawacitizen.com/opinion/columnists/boswell-the-pollution-scourge-of-1866-was-sawdust
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Crumb rubber
Other plastic
Silica sand
Silica beads
Plant material 

16
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Coastal Shoreline AEC – Artificial Turf

17

Decision Method

Artificial turf not allowed in the AEC. Add this as a standalone rule in 07H .0209

Artificial turf allowed in the AEC, but not in 
the 30’ buffer

Add this as a standalone rule in 07H  
.0209. Potential conditions:
− State that it must meet the pervious standards 

of the General Statute
− Regulate the infill
− Limit square footage

Artificial turf allowed in the entirety of the 
AEC, including 30 ft. buffer.

Add this as a standalone rule in .07H. 
0209, with conditions.

Add this to the allowable exceptions in 
.0209(d)(10), with conditions.
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Coastal Shoreline AEC – Plastic soil fibers

18

Decision Method

Plastic soil fibers not allowed in the 
AEC

Add this as a standalone rule in 07H 
.0209

Plastic soil fibers allowed in the 
AEC, but not in the 30 ft. buffer

Add this as a standalone rule in 07H  
.0209. Potential conditions:
− Limit the volume of soil fibers installed

Plastic soil fibers allowed in the 
entirety of the AEC, including the 30 
ft. buffer.

Add this as a standalone rule in 
.07H. 0209, with conditions.

Add this to the allowable exceptions 
in .0209(d)(10), with conditions.
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NC COASTAL RESOURCES 
COMMISSION MEETING
November 19-20, 2025

Artificial Turfgrass within 30-foot Buffer
Andrew Krichman

(CRC-VR-24-11)
813 Canal Drive 

Carolina Beach, New Hanover
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Project area
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Project Site
9 Boardwalk Ave

Project area
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Project Site
813 Canal Drive

Image Source: 
New Hanover Co. 
GIS 2023 Aerial
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Image source: DCM 1/31/25
View of existing single-family residence facing west
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Image source: DCM 1/31/25

View of existing bulkhead and 
single-family resident facing east
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Image source: DCM 1/31/25

View of existing artificial turfgrass and bulkhead cap 
facing west
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Image source: DCM 1/31/25

View of existing artificial turfgrass and 
bulkhead facing south
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View of existing artificial turfgrass, 
bulkhead cap and adjacent property 

facing north
Image source: DCM 1/31/25
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VARIANCE CRITERIA

G.S. 113A-120.1
To grant a variance, the Commission must affirmatively find Petitioner 
must show each of the four factors listed in G.S. 113A-120.1(a).

 (1) that unnecessary hardships would result from strict 
  application of the development rules, standards, or 
  orders issued by the Commission;
 (2) that such hardships result from conditions peculiar to 
  the petitioner's property such as location, size, or 
  topography;
 (3) that such hardships did not result from actions taken by 

 the petitioner; and 
 (4) that the requested variance is consistent with the spirit, 

 purpose and intent of the Commission's rules, standards 
 or orders; will secure the public safety and welfare; and 
 will preserve substantial justice.

(b) The Commission may impose reasonable and appropriate conditions 
and safeguards upon any variance it grants.
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