
 

 

 

 

 

0ÉÎÅ 2ÉÖÅÒ 0ÏÎÄ 7ÁÔÅÒÓÈÅÄ 
-ÁÎÁÇÅÍÅÎÔ 0ÌÁÎ 

 

PRP Association 

Wakefield, NH 

in coordination with 

Acton Wakefield Watersheds Alliance 

and the 

New Hampshire Department of Environmental Services 

 

This project was self-funded by the Pine River Pond Association. 

 

 



2 

 

Acknowledgements 
This project was funded by the Pine River Pond Association (PRPA) and was made possible through a cooperative 
effort between the Acton Wakefield Watersheds Alliance (AWWA) and the New Hampshire Department of 
Environmental Services (NHDES). 

Steering Committee 
Jon Balanoff, Executive Director, AWWA 

Sally Soule, NHDES Coastal Watershed Supervisor 

Patty Philbrook, President, PRPA 

John Myers, Vice-President, PRPA 

Project Team 
Jon Balanoff, Executive Director, AWWA 

Sally Soule, NHDES Coastal Watershed Supervisor 

Patty Philbrook, President, PRPA 

Don Kretchmer, CLM, DK Water Resource Consulting, LLC 

Amanda Murby McQuaid, UNH Cooperative Extension State Specialist/Professor 

Review Committee 
Patty Philbrook, President, PRPA 

Doug Stewart, Board of Directors, PRPA 

Cindy Pfeiffer, PRPA Coordinator of Cyanobacteria Monitoring, and Weed Watch Coordinator 

Yvonne Buswell, PRPA, Cyanobacteria Monitoring, and Weed Watch team member 

John Myers, Vice-President, PRPA 

Elizabeth Conner, CPA, Treasurer, PRPA 

Carol Waghorne, PRPA, Cyanobacteria Monitoring, and Weed Watch team member 

Gail Myers, PRPA 

Amy Bintz, PRPA 

Bill Bintz, PRPA 

Denny Miller, PRPA 

Tom Daniels, PRPA, PRP Store manager 

Victor Vinagro, Town of Wakefield Shoreland Protection Officer 

Credit Statement 
Information contained in part in this Plan was developed with assistance from students participating in the Spring 

2021 course CCE 796 Water, Watersheds and Society course at the University of New Hampshire under Alison W. 

Watts, Ph.D. The PRP Association is grateful to Sally Soule, NHDES Coastal Watershed Supervisor for bringing about 

that alliance for the benefit of Pine River Pond. 

  



3 

 

Table of Contents 
Acknowledgements ....................................................................................................................................................... 2 

Steering Committee ............................................................................................................................................... 2 

Project Team .......................................................................................................................................................... 2 

Review Committee ................................................................................................................................................ 2 

Credit Statement ................................................................................................................................................... 2 

Acronyms ....................................................................................................................................................................... 7 

Incorporating the EPAs Nine Watershed Planning Elements ........................................................................................ 8 

1 Introduction ......................................................................................................................................................... 10 

1.1 Background ................................................................................................................................................ 10 

1.2 Goal Statement .......................................................................................................................................... 11 

1.3 Plan Development Process ......................................................................................................................... 11 

1.3.1 Public Engagement ................................................................................................................................ 12 

1.3.2 Septic System Survey ............................................................................................................................. 12 

1.3.3 Ongoing Watershed Efforts ................................................................................................................... 13 

2 Characteristics of Pine River Pond ....................................................................................................................... 14 

2.1 Arthur H. Fox Memorial Dam ..................................................................................................................... 14 

2.2 Land Use ..................................................................................................................................................... 14 

2.3 Population and Growth Trends .................................................................................................................. 15 

2.3.1 Historic Population Trends .................................................................................................................... 15 

2.3.2 Projected Population Changes ............................................................................................................... 15 

2.4 Surficial Geology and Soils ......................................................................................................................... 16 

2.5 Watershed Habitat ..................................................................................................................................... 16 

2.6 Invasive Aquatic Vegetation ....................................................................................................................... 17 

2.7 Algae and Cyanobacteria............................................................................................................................ 17 

2.8 Erosion ....................................................................................................................................................... 21 

3 Assessment of Water Quality .............................................................................................................................. 23 

3.1 Applicable Water Quality Standards and Criteria ...................................................................................... 23 

3.1.1 Antidegradation ..................................................................................................................................... 25 

3.2 Role of Trophic Status in Water Quality Assessment ................................................................................. 27 

3.3 Designated Use of Primary Concern .......................................................................................................... 28 

4 Sources of Nutrients (Element A) ........................................................................................................................ 29 

4.1 Characteristics of Pine River Pond ............................................................................................................. 29 

4.2 Water Quality Summary ............................................................................................................................. 31 

4.3 Related Water Quality Concerns for Pine River Pond ................................................................................ 33 

4.4 Pine River Pond Lake Loading Response Model ......................................................................................... 35 

4.5 Nutrient Inputs ........................................................................................................................................... 36 



4 

 

4.5.1 Land Cover Export .................................................................................................................................. 36 

4.5.2 Atmospheric Deposition ........................................................................................................................ 38 

4.5.3 Waterfowl .............................................................................................................................................. 39 

4.5.4 Septic Systems ....................................................................................................................................... 39 

4.5.5 Internal Loading ..................................................................................................................................... 39 

4.6 Phosphorus Loading Assessment Summary ............................................................................................... 39 

4.7 Response to Current Phosphorus Loads .................................................................................................... 42 

4.8 Natural Background Scenario ..................................................................................................................... 43 

4.9 Load Reduction Scenarios .......................................................................................................................... 44 

5 Water Quality Goals for Pine River Pond (Element B) ......................................................................................... 45 

6 Action Plan for Implementation (Elements C, D, and E) ...................................................................................... 46 

6.1 Structural Controls (Category 1) ................................................................................................................ 46 

6.1.1 Private Road Stormwater Management ................................................................................................ 46 

6.1.2 Residential Stormwater Management ................................................................................................... 47 

6.1.3 Culverts .................................................................................................................................................. 48 

6.2 Non-Structural Controls (Category 2) ........................................................................................................ 48 

6.3 Septic Systems (Category 3) ....................................................................................................................... 49 

6.4 Regulations (Category 4) ............................................................................................................................ 51 

6.5 Watershed Outreach (Category 5) ............................................................................................................. 53 

7 Schedule and Milestones (Elements F and G) ..................................................................................................... 55 

7.1 Schedule ..................................................................................................................................................... 55 

7.2 Milestones .................................................................................................................................................. 57 

8 Success Indicators and Evaluation (Element H) ................................................................................................... 58 

8.1 Water Quality Monitoring .......................................................................................................................... 58 

8.2 Cyanobacteria Monitoring ......................................................................................................................... 58 

9 Monitoring Plan (Element I) ................................................................................................................................ 61 

10 Funding for Future Watershed Planning Phases and Implementation .......................................................... 64 

11 Conclusion ...................................................................................................................................................... 66 

12 References ...................................................................................................................................................... 67 

13 Appendix Table A: Land Cover by Subwatershed ........................................................................................... 69 

14 Appendix Table B: Pine River Pond Watershed Survey Findings .................................................................... 70 

 

 

  



5 

 

List of Tables 
¢ŀōƭŜ мΥ {ǳƳƳŀǊȅ ƻŦ 9t!Ωǎ bƛƴŜ ²ŀǘŜǊǎƘŜŘ tƭŀƴƴƛƴƎ 9ƭŜƳŜƴǘǎ .................................................................................. 9 

Table 2: Designated Uses ............................................................................................................................................. 24 

Table 3: Assimilative Capacity Calculation Results ...................................................................................................... 27 

Table 4: Nutrient Criteria by Trophic Class in New Hampshire ................................................................................... 28 

Table 5: Cyanobacteria Warnings Issued for Pine River Pond ..................................................................................... 28 

Table 6: Characteristics of Pine River Pond, Wakefield, NH (LLRM model output, NHF&G 2021) .............................. 30 

Table 7: Pine River Pond Water Quality Summary 2012 - 2021 (mean values and observations) .............................. 32 

Table 8: Pine River Pond Annual Water Budget Under Current Conditions as Estimated Using LLRM ....................... 35 

Table 9: Land Cover Categories and Phosphorus Export Coefficients for the Pine River Pond LLRM ......................... 37 

Table 10: Land Area Drained and Phosphorus Load by Sub-watershed for Pine River Pond ...................................... 40 

Table 11: Pine River Pond Modeled Phosphorus Loading Summary Under Current Conditions ................................ 41 

Table 12: Predicted and Measured Water Quality Parameters in Pine River Pond (2012-2021) ................................ 43 

Table 13: Predicted Water Quality Parameters Under Natural Background as Compared to Current Conditions for 
Pine River Pond ............................................................................................................................................................ 44 

Table 14: Predicted Water Quality Parameters Under Various Loading Scenarios as Compared to Current 
Conditions for Pine River Pond .................................................................................................................................... 44 

Table 15: Prioritization of Structural BMPs on Private Roads ..................................................................................... 47 

Table 16: Prioritization of Residential Stormwater BMP Implementation Projects .................................................... 48 

Table 17: Culvert Projects ............................................................................................................................................ 48 

Table 18: Prioritization of Non-structural BMPs .......................................................................................................... 49 

Table 19: Management Actions to Reduce Phosphorus Loading from Septic Systems............................................... 50 

Table 20: Prioritization of Septic System Upgrades on Pine River Pond Based on 2021 survey ................................. 51 

Table 21:  Municipal Land Use Regulations, Policies, and Land Conservation ............................................................ 52 

Table 22: Outreach Action Matrix ............................................................................................................................... 54 

Table 23: Implementation Schedule ............................................................................................................................ 56 

Table 24: Pine River Pond Watershed Implementation Milestones ............................................................................ 57 

Table 25: Success Indicators and Evaluation Measures .............................................................................................. 60 

Table 26: Proposed Sampling Locations ...................................................................................................................... 62 

Table 27: Funding Opportunities for Watershed Management and Protection ......................................................... 65 
 

  



6 

 

List of Figures 
Figure 1: Watershed Area Map ................................................................................................................................... 11 

Figure 2: Arthur F. Fox Memorial Dam ........................................................................................................................ 14 

Figure 3: Wakefield Population ................................................................................................................................... 16 

Figure 4: Cyanobacteria Map and Legend ................................................................................................................... 19 

Figure 5: Pine River Pond Water Quality Assessment Summary ................................................................................. 25 

Figure 6: NHDES Antidegradation Tiers ....................................................................................................................... 26 

Figure 7: Pine River Pond Bathymetry (Source NHFGD 2021) ..................................................................................... 30 

Figure 8: Phosphorus Data from the NH Lakes Lay Monitoring Program (UNH 2019) ................................................ 31 

Figure 9: Secchi Disk and Chlorophyll-a Data from the NH Lakes Lay Monitoring Program (UNH 2019) .................... 32 

Figure 10: Subwatersheds and Land Cover of Pine River Pond (Compiled by Watershed Consulting Associates) ..... 34 

Figure 11: Percentage of Land Cover Type .................................................................................................................. 38 

Figure 12: Percentage of Phosphorus Export by Land Cover Type .............................................................................. 38 

Figure 13: Current Watershed-based Phosphorus Loading by Sub-watershed for Pine River Pond ........................... 40 

Figure 14: Current Areal Watershed-based Phosphorus Loading by Sub-watershed for Pine River Pond ................. 41 

Figure 15: Pine River Pond Water Quality Goal - Prevent Cyanobacteria Blooms ...................................................... 45 

Figure 16: Sampling Locations by Number Assigned ................................................................................................... 63 

  

file:///G:/Shared%20drives/AWWA%20Files/Watershed%20Management%20Plans/Pine%20River%20Pond/PRP%20Watershed%20Plan%20DRAFT%2003162023.docx%23_Toc130300151
file:///G:/Shared%20drives/AWWA%20Files/Watershed%20Management%20Plans/Pine%20River%20Pond/PRP%20Watershed%20Plan%20DRAFT%2003162023.docx%23_Toc130300152
file:///G:/Shared%20drives/AWWA%20Files/Watershed%20Management%20Plans/Pine%20River%20Pond/PRP%20Watershed%20Plan%20DRAFT%2003162023.docx%23_Toc130300165


7 

 

Acronyms 
Acronym  Definition  

AIS Aquatic Invasive Species  

ALI  Aquatic Life Integrity  

AWWA Acton Wakefield Watersheds Alliance 

AUID  Assessment Unit Identification  

BMPs  Best Management Practices  

Chl-a  Chlorophyll-a  

CWA  Clean Water Act  

DKWRC  DK Water Resource Consulting  

EPA Environmental Protection Agency 

FC  Fish consumption  

ha  Hectare  

kg  Kilogram  

LLRM  Lake Loading Response Model  

LLMP UNH Lakes Lay Monitoring Program 

m  Meter  

Maine DEP Maine Department of Environmental Protection 

NHDES  New Hampshire Department of Environmental Services  

NHFG  New Hampshire Fish and Game Department  

NLCD  National Land Cover Database  

NPS  Nonpoint Source  

NWI  National Wetland Inventory  

P Phosphorus 

PCR  Primary Contact Recreation  

PRP Pine River Pond 

PRPA Pine River Pond Association, Inc. 

ppb  Parts per billion  

QAPP  Quality Assurance Project Plan  

SRPC  Strafford Regional Planning Commission  

SDT  Secchi Disk transparency  

SOAK  Soak Up the Rain  

TMDL Total Maximum Daily Load 

TP Total Phosphorus  

USEPA  United States Environmental Protection Agency  

UNH University of New Hampshire 

USGS  United States Geological Survey 

VLAP Volunteer Lake Assessment Program  

WMP  Watershed Management Plan  

 

  



8 

 

Incorporating the EPAs Nine Watershed 
Planning Elements 
¢ƘŜ tƛƴŜ wƛǾŜǊ tƻƴŘ ²ŀǘŜǊǎƘŜŘ aŀƴŀƎŜƳŜƴǘ tƭŀƴ ƛƴŎƭǳŘŜǎ ǘƘŜ ¦{ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΩǎ ƴƛƴŜ-

element criteria1 that address developing and implementing watershed plans. These guidelines outline important 

strategies and steps to protect water quality for lakes impacted by human activities and reduce the cumulative 

impacts of nonpoint source pollution (NPS). 

A. Identify causes and sources of pollution: An identification of the causes and sources or groups of similar 

sources that will need to be controlled to achieve the load reductions estimated in this watershed-based plan 

(and to achieve any other watershed goals identified in the watershed-based plan), as discussed in item (b) 

immediately below. Sources that need to be controlled should be identified at the significant subcategory 

level with estimates of the extent to which they are present in the watershed (e.g., X linear miles of eroded 

stream bank needing remediation).  

B. Estimate pollutant loading into the watershed and the expected load reductions: An estimate of the load 

reductions expected for the management measures described under paragraph (c) below (recognizing the 

natural variability and the difficulty in precisely predicting the performance of management measures over 

time). Estimates should be provided at the same level as in item (a) above (e.g., eroded stream banks).  

C. Describe management measures that will achieve load reductions and targeted critical areas: A description of 

the NPS management measures that will need to be implemented to achieve the load reductions estimated 

under paragraph (b) above (as well as to achieve other watershed goals identified in this watershed-based 

plan), and an identification (using a map or a description) of the critical areas in which those measures will be 

needed to implement this plan.  

D. Estimate amounts of technical and financial assistance and the relevant authorities needed to implement the 

plan: An estimate of the amounts of technical and financial assistance needed, associated costs, and/or the 

sources and authorities that will be relied upon, to implement this plan. As sources of funding, communities 

should consider the use of their Section 319 programs, State Revolving Funds, and other relevant federal, 

state, local and private funds that may be available to assist in implementing this plan.  

E. Develop an information/education component: An information/education component that will be used to 

enhance public understanding of the project and encourage their early and continued participation in 

selecting, designing, and implementing the NPS management measures that will be implemented.  

F. Develop a project schedule: A schedule for implementing the NPS management measures identified in this 

plan that is reasonably expeditious.  

G. Describe the interim, measurable milestones: A description of interim, measurable milestones for determining 

whether NPS management measures or other control actions are being implemented.  

H. Identify indicators to measure progress: A set of criteria that can be used to determine whether loading 

reductions are being achieved over time and substantial progress is being made towards attaining water 

quality standards and, if not, the criteria for determining whether this watershed-based plan needs to be 

 

1 htps://www.epa.gov/nps/handbook-developing-watershed-plans-restore-and-protect-our-waters   
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revised or, if a NPS Total Maximum Daily Load (TMDL) has been established, whether the NPS TMDL needs to 

be revised.  

I. Develop a monitoring component: A monitoring component to evaluate the effectiveness of the 

implementation efforts over time, measured against the criteria established under item (h) immediately 

above.  

 

 

Element Plan Section Element Description 

A 

B 

C 

D 

E 

F 

G 

H 

I 

4 

5 

6 

6 

6 

7 

7 

8 

9 

Identify causes and sources of pollution 

Estimate pollution load reductions needed for restoration 

Identify actions needed to reduce pollution 

Estimate costs and authority to implement restoration actions 

Implement outreach and education to support restoration 

Restoration schedule 

Milestones - interim measures to show implementation progress 

Success indicators and evaluation - criteria to show restoration success 

Monitoring plan 

Table 1: {ǳƳƳŀǊȅ ƻŦ 9t!Ωǎ bƛƴŜ ²ŀǘŜǊǎƘŜŘ tƭŀƴƴƛƴƎ 9ƭŜƳŜƴǘǎ 
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1 Introduction 
The Pine River Pond Watershed Management Plan describes watershed characteristics, water quality conditions, 

sources of phosphorus loading to the pond, and management actions that can be implemented to improve and 

ǇǊƻǘŜŎǘ ǘƘŜ ǇƻƴŘΩǎ ǿŀǘŜǊ ǉǳŀƭity. The WMP establishes water quality goals and objectives, outlines nutrient 

management approaches, and outlines actions for meeting water quality goals. 

Pine River Pond faces a number of concerns including nutrient loading from the watershed, the presence of 

benthic cyanobacteria mats in the littoral zone throughout the lake, low dissolved oxygen readings, and invasive 

species which all threaten water quality. Recent testing has identified readings in one part of the lake that differ 

significantly from the other testing sites suggesting further evaluation is needed. Deforestation in part of the 

watershed may also be compounding the issues in addition to the watershed and climate changes ongoing. 

The WMP summarizes the factors affecting watershed health, with data from the watershed survey, water quality 

testing, septic system survey information, and phosphorus loading modeling output. This information is 

incorporated into actions and recommendations for reducing pollutant loading to the pond, and creates goals to 

maintain and improve watershed standards. 

The management approach in this WMP enables property owners, road associations, and project partners to 

implement restoration activities in a responsive manner while recognizing that improvements to water quality 

cannot be achieved in any single activity or within an immediate time frame. It ensures that as management 

activities are conducted, water quality response is monitored, and success is documented. 

1.1 Background 
Located in the White Mountain region of north-central NH, Pine River Pond is in the Town of Wakefield within the 

villages of North Wakefield, East Wakefield, and Sanbornville. The major outlet at the northwestern end of the 

pond is controlled by the Arthur H. Fox Memorial Dam. The outflow becomes the Pine River which flows northwest 

to Ossipee Lake and is part of the Saco River watershed that flows through the White Mountains of NH and Maine, 

ultimately draining into the Atlantic Ocean at the Gulf of Maine. 

Pine River Pond is about 3.6 miles long and 0.6 miles at its widest, within a watershed of about 7,808 acres. The 

12.2 miles of shoreline are highly developed, and all precipitation that falls in the watershed drains into the pond 

through a network of streams, ditches, and overland flow. There are several association-owned community 

beaches and private boat launching sites. The State of New Hampshire owns two parcels on the pond but neither 

site is developed, access is difficult, and both are without parking or restroom facilities.  

tƛƴŜ wƛǾŜǊ tƻƴŘΩǎ water quality sampling since 1987 shows the following: 

 A trend of decreasing water clarity. 

 Stable but oscillating Chlorophyll-a results over the years. 

 A decreasing trend for total phosphorus. 

Cumulatively this does not lend itself to an explanation as to why the benthic cyanobacteria mats are present.  
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Figure 1: Watershed Area Map 

1.2 Goal Statement 
This plan provides short- and long-term goals for improving the water quality of Pine River Pond over the next ten 

years (2022-2032). The long-ǘŜǊƳ Ǝƻŀƭ ƛǎ ǘƻ ǇǊƻǘŜŎǘ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜ ƭŀƪŜΩǎ ǿŀǘer quality to prevent occurrence of 

toxic cyanobacteria blooms. To achieve this goal would mean reducing the amount of phosphorus entering the 

pond by 10 percent. The water quality goal can be achieved by implementing various types of management 

approaches to reduce phosphorus input to the pond including: 

 Structural 

 Non-structural  

 Septic system improvements 

 Regulatory  

These management approaches are discussed in greater detail in the Action Plan, Section 6.  

1.3 Plan Development Process 
This WMP is the culmination of a major effort led by the PRPA and AWWA in cooperation with local and state 

partner organizations and agencies; NH LAKES, NHDES, Maine DEP, Maine Conservation Corps, UNH, and UNH 

Cooperative Extension. Activities to develop the Plan included numerous project management team meetings and 

conference calls between the PRPA, AWWA, DK Water Resource Consulting LLC (DKWRC), and NHDES. Additional 

input was provided by watershed residents, road association members, town officials, students from UNH under 

tǊƻŦŜǎǎƻǊ !ƭƭƛǎƻƴ ²ŀǘǘǎΣ tƘΦ5ΦΣ ŀƴŘ ¦bI /ƻƻǇŜǊŀǘƛǾŜ 9ȄǘŜƴǎƛƻƴΩǎ .ƻō /ǊŀȅŎǊŀŦǘ ŀƴŘ !ƳŀƴŘŀ aǳǊōȅ aŎvǳŀƛŘΣ 

Ph.D.  Funding for plan development was provided by the PRP Association. It should be noted that the Plan is a 
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living document ς modifications and updates are anticipated over time as implementation activities begin and as 

ƳƻǊŜ ƛǎ ǳƴŘŜǊǎǘƻƻŘ ŀōƻǳǘ ǘƘŜ ǇƻƴŘΩǎ ŜŎƻƭƻƎȅ ŀƴŘ ƛǘǎ ǊŜǎǇƻƴǎŜ ǘƻ ƳŀƴŀƎŜƳŜƴǘ ŜŦŦƻǊǘǎΦ  

1.3.1 Public Engagement 
The PRPA has engaged the public through discussions at its Annual Meeting and through their eNews emails. Given 

the COVID-19 pandemic, most of the public engagement has been electronic through the eNews to the lake 

association members which is about 82% of property owners with deeded rights to PRP.  

1.3.2 Septic System Survey 
An online septic system survey was developed by AWWA and made available to the lake association membership 

through the PRPA eNews from February through June 2021. A total of 131 property owners within 250 feet of the 

lake responded. 

Approximately 25% or 1/4 of Pine River Pond residents responded to this survey and the vast majority perceive 

their lake as having average or above average water quality. Though not reflective of the entire lake community, 

these data imply that the majority of septic system owners on the lake follow responsible management practices, 

specifically pertaining to the nearly 80% of people who pump their system every 2-5 years. The fact that most 

systems were also reported to be less than 20 years old is promising, as anything older than this would face an 

increased likelihood of being outdated and in need of repair or replacement. As part of this survey, we also 

included questions pertaining to lawns and fertilizer use which can be another source of phosphorus for the lake. 

Fortunately, only 16 respondents (12%) had a lawn area within 100 feet of the lake, and only one of those people 

reported using fertilizer containing phosphorus. 

Results of the survey indicate that: 

¶ 92% of respondents perceive the water quality of PRP as average or above average 

¶ Most septic systems were reported to be 1-20 years old 

¶ 79% of respondents pump their system at least every 5 years 

¶ 31% of respondents are 100 feet from the lake 

¶ 12% of respondents have a grass lawn within 100 feet of the lake 

¶ Of that number 56% of respondents fertilize and use phosphate-free fertilizer  

Septic systems adjacent to the lake are another potential threat to water quality, as the wastewater they produce 

carries nutrients such as phosphorus that contribute to algae and bacterial growth in the lake. Though septic 

systems drain into groundwater, their proximity to the lake allows them to enter the water table and eventually 

into nearby surface waters. Well-functioning systems that are properly sized and maintained are highly effective at 

treating wastewater, while poorly functioning, undersized, and outdated systems do little to remove nutrients and 

bacteria before they reach the lake.   

The overall results of the survey paint a promising picture of the state of septic systems on Pine River Pond. With 

that in mind, this survey does not include nearly 300 other residents on the lake, whose septic system conditions 

are not known. We can extrapolate our results out to the rest of the lake in order to make educated guesses about 

its conditions, but there are factors that could cause this to be misleading. For example, people who are unsure of 

their septic system's condition or know it to be in poor shape may be less inclined to answer the survey. 

Furthermore, even a small number of non-functioning systems could have an outsized impact on water quality, so 

it is important to address as many of these as possible, even if the percentage of nonfunctioning systems is 

relatively small. Many compounding factors can contribute to excess phosphorus loading in a lake. If the survey 
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results do in fact reflect the larger state of septic systems on Pine River Pond that is good news and any additional 

upgrades that are done will have a compounding benefit to the lake. 

1.3.3 Ongoing Watershed Efforts 
The PRPA is the main entity that coordinates continual watershed efforts including: 

 Water Quality Sampling and Testing with LLMP - Each summer, except for 2020 (due to the COVID-19 

pandemic), volunteers assist Bob Craycraft from the UNH Cooperative Extension collect water samples as 

detailed in Section 3. 

 Weed Watch - The shoreline is monitored by volunteer patrols of weed watchers trained by NHDES. 

 Aquatic Invasive Species prevention - The PRPA participates in the NH LAKES Lake Host Program and staffs 

the most active boat ramp on weekends and holidays. Since this access point is not a public access point, 

the AIS risk is decreased, but watercraft do enter and exit the lake that have been at other waterbodies 

where AIS are present. The Town of Wakefield gives the PRPA $2,500 to assist with the Lake Host 

Program. 

 Macrophyte Survey - Each fall, under contract with SOLitude Lake Management, the littoral zone is 

examined via video surveillance and a report is provided to the PRPA that is shared with the Weed Watch 

group. 

 Cyanobacteria sampling and microscopic analysis conducted every 2 weeks from June through September 
in accordance with the water quality monitoring plan developed for PRPA by UNH LLMP and DK 
Consulting. 
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2 Characteristics of Pine River Pond 

2.1 Arthur H. Fox Memorial Dam 
tƛƴŜ wƛǾŜǊ tƻƴŘΩǎ ǿŀǘŜǊ ƭŜǾŜƭ ƛǎ ŎƻƴǘǊƻƭƭŜŘ ōȅ ǘƘŜ !ǊǘƘǳǊ IΦ CƻȄ 5ŀƳΦ This wood and concrete dam was constructed 

ŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ƭƻŎŀǘƛƻƴ ŀǘ tƛƴŜ wƛǾŜǊ tƻƴŘΩǎ ƻǳǘƭŜǘ ŦƻǊ ²ƛƭƭƛŀƳ [ƻǊŘ ƛn 1923 to generate electric power. In 1971, the 

State of New Hampshire took over the dam, and rebuilt it to its current structure in 1977, with a reinforced 

concrete spillway to manage the level of Pine River Pond. The current dam spans the entire outlet of Pine River 

Pond, measuring approximately 150 feet long, with earthen embankment wings and dry-laid split stone block 

walls, as well as a concrete spillway and 

gate structure2.  

The dam is maintained and controlled 

by the NHDES Dam Bureau, and the 

yearly drawdown is 8 feet to Pine River 

tƻƴŘΩǎ ƴŀǘǳǊŀƭ ƘƛƎƘ-water mark at 

574.35 feet above sea level. The 

surface elevation of Pine River Pond at 

impeded height is 582.35 feet which 

serves as the NHDES regulated 

άwŜŦŜǊŜƴŎŜ [ƛƴŜΣέ ŀǎ ǎŜǘ ŦƻǊǘƘ ƛƴ ǘƘŜ 

NHDES Consolidated List of Water 

Bodies. 

2.2 Land Use 
Wakefield was chartered in 1749 and industry began soon thereafter in 1767 with grist and sawmills. By 1789 

there were seven (7) mills in Town, and all were positioned to harness waterpower from the many streams, rivers, 

and ƻǳǘƭŜǘǎ ƻŦ ǘƘŜ ƭŀƪŜǎΦ ²ŀƪŜŦƛŜƭŘΩǎ ŎƻƴŘƛǘƛƻƴǎ ǿŜǊŜ ŎƻƴŘǳŎƛǾŜ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜΣ ǎŜǘǘƭŜƳŜƴǘΣ ŀƴŘ ƛƴŘǳǎǘǊȅΣ ŀƴŘ ƭƻŎŀƭ 

forests were harvested for lumber and wood products. With the arrival of the railroad in 1871, small village areas 

grew by the lakes and streamǎ ǿƘƛŎƘ ǇƭŀȅŜŘ ŀ ƭŀǊƎŜ ǇŀǊǘ ƛƴ ǘƘŜ ǘƻǿƴΩǎ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΦ ¢ƘŜ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ŀƴŘ 

rural character attracted many summer visitors, and throughout the 20th century, waterfront development was 

²ŀƪŜŦƛŜƭŘΩǎ ǇǊƛƳŀǊȅ ƛƴŘǳǎǘǊȅ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǎǳƳƳŜǊ ƘƻƳŜǎ and the services needed providing income for 

Ƴŀƴȅ ƻŦ ²ŀƪŜŦƛŜƭŘΩǎ ǊŜǎƛŘŜƴǘǎΦ !ǎ ŀǳǘƻƳƻōƛƭŜ ǳǎŜ ƛƴŎǊŜŀǎŜŘΣ wƻǳǘŜ мс ǿŀǎ ōǳƛƭǘ ōƛǎŜŎǘƛƴƎ ǘƘŜ ǘƻǿƴΦ Lƴ ǘƘŜ мфрлΩǎΣ 

Route 16 was relocated to the western edge of Wakefield passing by the western tip of Pine River Pond. 

.ȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ мфулΩǎ Ƴƻǎǘ ƻŦ ǘƘŜ ǿŀǘŜǊŦǊƻƴǘ ǇǊƻǇŜǊǘȅ ƛƴ ǘƻǿƴ ƘŀŘ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ƛƴǘƻ ǎŜŀǎƻƴŀƭ ƻǊ ȅŜŀǊ-round 

homes. As this growth occurred, both formal and loosely-formed road associations came into being around the 

lake. The formal road associations are Crew Road Association, Windover Property Owners Association, Pickerel 

Cove Estates Association, Michawanic Village Condominium Association, Lord Road Association, Pine River 

Association (PRA), Virginia Lane Estates Property Owners Association, and Pinewood Shores Association. The less 

formal groups include the residents on the following roads: Clearwater, Windy Point, Chandler, Olde Pine, 

 
2 htpps://www.nh.gov/nhdhr/publications/documents/12435.pdf Wakefield Heritage Commission Survey of Water-Powered 

Mills Sites and Dams, 2011  

Figure 2: Arthur F. Fox Memorial Dam 

https://www.nh.gov/nhdhr/publications/documents/12435.pdf
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¢ƘƻǊƴƘƛƭƭΣ .ƭŀŎƪǿƻƻŘΣ /ŜǎŜΣ wƛŘƎŜΣ IƛƎƘƭŀƴŘΣ Cŀȅ ²ŀȅΣ [ŜŜΩǎ ²ŀȅΣ {ƭŜŜǇȅ IƻƭƭƻǿΣ /ƻƭƻǎƛ ²ŀȅΣ !ƴƎƭƛƴΣ IǳƴǘΣ ŀƴŘ 

Barend. 

It is estimated that 452 properties on, or with access to, PRP are developed. Approximately a half dozen parcels 

serve as community beaches for associations or for back lots (e.g., Crew Road Railroad Lots), and another half 

dozen are private access points for launching boats. Very few buildable waterfront lots remain on the lake.  

Approximately a third of the residences serve as full-time homes, and a large majority of camps have been 

improved to serve as year-round homes for seasonal residents. Wastewater for all homes is treated by individual 

septic systems or dry wells. As more properties in the watershed are converted from seasonal camps to more 

developed residences, the tendency is to convert more of the property from its native forested condition which 

will likely accelerate the rate at which NPS pollutants will reach the lake to impair water quality unless lake-friendly 

landscaping measures are installed. 

The largest association not located directly on the lake is the PRA, a +154-lot subdivision of non-waterfront lots 

with two (2) waterfront parcels that are used as a community beach lot for swimming, and a boat access point 

(known locally as the Lord Road boat ramp). Not all the roadways in the PRA were completely developed, hence 

some lots are undeveloped. Several other associations also have homes with deeded right to PRP that are not 

directly on the lake. 

2.3 Population and Growth Trends  
According to the US /Ŝƴǎǳǎ .ǳǊŜŀǳΩǎ нлмф /ŜƴǎǳǎΣ ǘƘŜ population for Wakefield was 5,110 residents, which ranked 

70th among New Hampshire's 234 incorporated cities and towns. The population density is 129.3 persons per 

square miles of land area. Wakefield has 39.5 square miles of land area and 5.3 square miles of inland water area. 

2.3.1 Historic Population Trends 
The population of Wakefield has increased nearly 240 percent since 1970. During the same period, Carroll County 

increased by 155 percent, Strafford County by 74 percent and the State experienced a population increase of 73 

percent. The largest decennial percent change was an increase of 58 percent between 1970 and 1980, followed by 

increases of 37 percent and 40 percent, respectively over the next two decades. 

A review of population data with other available information indicates the increase in population between 1990 

and 2000 was due to seasonal residents becoming year-round residents. Across the state line, the growth of the 

population in Acton, ME has been more ƭƛƪŜ ²ŀƪŜŦƛŜƭŘΩǎ ǿƛǘƘ ǎǳǊƎŜǎ ŘǳǊƛƴƎ ǘƘŜ мфулΩǎ ŀƴŘ мффлΩǎΣ ōǳǘ ǎƛƴŎŜ ǘƘŜƴ 

ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ Ƙŀǎ ǎƭƻǿŜŘΦ .ŜǘǿŜŜƴ нллл ŀƴŘ нлмлΣ ²ŀƪŜŦƛŜƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ ǊƻǎŜ ōȅ мфΦп ǇŜǊŎŜƴǘΦ 

Comparatively, neighboring lake towns of Ossipee and Wolfeboro had slow growth rates of 3.2 percent and 3.1 

percent, respectively in that same span. 

(Source: 2014 Wakefield Master Plan) 

2.3.2 Projected Population Changes  
Wakefield has been one of the fastest growing communities in the state and has consistently experienced a higher 

growth ǊŀǘŜ ǘƘŀƴ ƴŜƛƎƘōƻǊƛƴƎ ǘƻǿƴǎΣ /ŀǊǊƻƭƭ ŀƴŘ {ǘǊŀŦŦƻǊŘ /ƻǳƴǘƛŜǎΣ ŀƴŘ ǘƘŜ {ǘŀǘŜ ƻŦ bŜǿ IŀƳǇǎƘƛǊŜΦ ²ŀƪŜŦƛŜƭŘΩǎ 

population is projected to increase but at a slower rate than experienced in previous decades. 

The NH Office of Energy Planning in partnership with thŜ ǎǘŀǘŜΩǎ wŜƎƛƻƴŀƭ tƭŀƴƴƛƴƎ /ƻƳƳƛǎǎƛƻƴǎ ǇǊƻƧŜŎǘ ǘƘŜ 

following population increases through 2040. 
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(Source: NH Employment Security, Economic and Labor Market Information Bureau) 

2.4 Surficial Geology and Soils 
! ǿŀǘŜǊǎƘŜŘΩǎ ǎǳǊŦƛŎƛŀƭ ƎŜƻƭƻƎȅ Ǉƭŀȅǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ŜǊƻǎƛǾŜ ǇƻǘŜƴǘƛŀƭ ƻŦ ǎƻƛƭǎ ŀƴŘ ǎƻƛƭ ƛƴŦƛƭǘǊŀǘƛƻƴ ŎŀǇŀŎƛǘȅΤ 

both of which are important factors in phosphorus transport and attenuation potential. The surficial geology in the 

Pine River Pond watershed consists of alluvial material deposited 12,000 years ago at the end of the Great Ice Age. 

This material is characterized by unconsolidated materials, typically stony material, fine loams, and sand with 

moderate to high infiltration capacity. Soils of the Pine River Pond watershed consist of rocky, sandy, and fine 

loams dominated by soil types such as Champlain and Boscawen (USDA, 1977).  These soils are well drained. Slopes 

in the watershed vary from zero percent to 60 percent with many slopes tending toward around eight percent.  

{ǘŜŜǇ ǎƭƻǇŜǎ ŜȄƛǎǘ ƻƴ ŜƛǘƘŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ǇƻƴŘ ƛƴŎƭǳŘƛƴƎ /ƻƻƪΩǎ Iƛƭƭ ǘƻ ǘƘŜ ǎƻǳǘƘǿŜǎǘ ŀƴŘ .ŀƭƭŀǊŘǎ wƛŘƎŜ ǘƻ ǘƘŜ 

northeast.  

2.5 Watershed Habitat 
The New Hampshire Wildlife Action Plan indicates that the Pine River Pond watershed contains lands considered to 

include habitat that is supportive of diverse species (NHFGD, 2020).  Mammals, reptiles, birds, insects, and fish 

ōŜƴŜŦƛǘ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ǊƛŎƘ ƴŀǘǳǊŀƭ Ƙŀōƛǘŀǘǎ ǎǳŎƘ ŀǎ ǿŜǘƭŀƴŘǎΣ ŦƻǊŜǎǘŜŘ ƭŀƴŘǎΣ ǊƛǾŜǊƛƴŜ ŀǊŜŀǎ ŀǘ ǘƘŜ ǇƻƴŘΩǎ 

outlet, and open water.   

Forest types in the Pine River Pond watershed include hemlock-hardwood-pine forest in the southwest, and 

Appalachian oak-pine in the northern and eastern sections. Tree species for these forest types include white pine, 

9ŀǎǘŜǊƴ ƘŜƳƭƻŎƪΣ ƳŀǇƭŜǎΣ ŀƴŘ ƻŀƪǎΦ ¢ƘŜ ǇƻƴŘΩǎ ǎƘƻǊŜƭƛƴŜ Ŏƻƴǘŀƛƴǎ ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ƴŀǘƛǾŜ ǎƘǊǳōǎ ǘȅǇƛŎŀƭ ŦƻǊ bŜǿ 

Hampshire lakes including button bush, high bush blueberry, alders, and sweet pepperbush.  Aquatic plants 

include scattered populations of vegetation such as grasses, lilies, pickerel weed, and several types of rushes 

(NHDES, 2005).  

Endangered species in the watershed include the Common Loon and spotted turtle. Anecdotal reports from 

lakeshore residents indicate that Common Loons frequent the lake and have made nesting attempts for several 
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years.  The pond is classified as a warmwater fishery. Observed fish species in the pond include largemouth bass, 

smallmouth bass, brown bullhead, chain pickerel, and black crappie (NHFGD, ret. 2021).  

2.6 Invasive Aquatic Vegetation 
The PRPA has a Weed Watch committee that coordinates volunteer state trained weed watchers to monitor the 

shoreline from May through September. PRPA began contracting with SOLitude Lake Management out of 

Shrewsbury, MA in 2014 to conduct an annual macrophyte survey to identify, locate, monitor, and document the 

growth and spread of vegetation in the littoral zone. Since 2014, native whorled watermilfoil has been identified 

and is being monitored. In 2021, the whorled watermilfoil was documented in several locations with the densest 

growth in the quaking/floating bog area at the southeast end of the lake. Sparse to moderate growth was found in 

the cove southeast of Fay Way. Both these locations have benthic cyanobacteria mats with sections that have 

detached. 

2.7 Algae and Cyanobacteria 
There has been a noticeable increase in algae and cyanobacteria in Pine River Pond in recent years. In 2019, PRP 

had several observations of green filamentous algae, some stretching as long as 20 feet. The filamentous algae 

were observed floating in several areas of the lake. Increasingly, PRP has also observed the growth of benthic 

cyanobacteria mats. Many are found in coves surrounding the pond. The first benthic cyanobacteria mat was 

visually identified in Pine River Pond in 2019 by a kayaker at the mouth of Meadow Brook (Site 1, Figure 4). NHDES 

and AWWA visually confirmed the sighting, and UNH LLMP staff analyzed a sample; the result finding an 

abundance of Oscillatoria. NHDES issued an advisory on August 30, 2019, warning that the abundance of 

cyanobacteria benthic mats was especially concerning if they became dislodged from the bottom. Upon further 

inspection, the advisory was removed as the swimming/recreational season was ending and lake draw-down was 

approaching. 

Over the next two years, PRPA examined its shoreline, and identified additional sites where benthic mats were 

discovered (blue numbered icons, Figure 4), and where cyanobacteria growth was found on rocks and logs along 

the shoreline (green location icons, Figure 4). Location 15 was tested by NHDES in 2020. Benthic mats of 

Oscillatoria were observed in abundance (too numerous to determine concentrations). Additionally, Anabaena and 

Woronichinia were detected, and the State issued a Cyanobacteria Alert in August 2020. Again, surface levels of 

cyanobacteria were not in exceedance of the state threshold of 70,000 cells/ml, however the abundance of 

benthic mats were also a concern as mats at icon locations 9, 10, and 15 shown in Figure 4 have detached and 

floated to the surface at times. These locations are relatively stagnant, slow-moving waters. 

In November 2021, PRP ). 4Figure Rd (see red icon, mp cyanobacteria bloom near Loon Point off Ca surface had a

issued a local alert since the bloom dissipated within a few hours. This occurred late in the season (note  NHDES

drawdown had begun on October 15th) and there was bloom residue along the shoreline,  foot annual 8twtΩǎ 

exposed by the drawdown.  

Nationally, there has been an increase in the occurrence of benthic mats according to the literature; however, 

there are far fewer studies on mats than the planktonic types of cyanobacteria. The reports on environmental 

conditions and toxin production are quite variable3. Benthic mats of cyanobacteria can be extremely robust and 

can tolerate low light, low nutrients, and low oxygen. Mats can form in some extreme environments, including 

 
3 https://academic.oup.com/femsec/article/73/1/95/646354 

https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/bb-65.pdf
https://academic.oup.com/femsec/article/73/1/95/646354
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high alpine and arctic lakes4. Mats can undergo freeze/thaw cycles, endure winter anoxia and exposure when Pine 

wƛǾŜǊ tƻƴŘΩǎ ǿŀǘŜǊ ƛǎ ŘǊŀǿƴ ŘƻǿƴΣ ŀƴŘ ƘŀǾŜ ƭƛƪŜƭȅ ǎƭƻǿƭȅ ƎǊƻǿƴ ŦƻǊ ȅŜŀrs. Benthic mats are like rugs, with 

interwoven filaments of a variety of cyanobacteria, (sometimes within the Oscillatoriales group but they are often 

diverse). These cyanobacteria can benefit from their overall structure together and from other microbial activity 

within the mats. These mats could also be benefiting from the protection of the coves, and the warmer water 

temperatures in these shallow areas. Runoff from the steep slopes and phosphorus transported through erosion 

could provide immediate nutrients that the benthic mats use. These mats may also benefit when there is a lower 

rate of algal competition and an increase in sunlight exposure since light can reach deeper.  

Benthic mats have negative impacts on water quality, impacting recreation and other uses such as drinking water. 

However, the human health risks posed by these mats is poorly addressed in public recreational guidelines. The 

science to develop these guidelines needs further refinement as knowledge and monitoring tools for mats develop 

and improve. The PRPA will monitor the Interstate Technology and Regulatory Council for Harmful Cyanobacterial 

Blooms (ITRC HCB) technical and regulatory guidance document5 for strategies in preventing and managing benthic 

cyanobacteria. This document reviews field screening and sampling, analytical toxin testing methods of mats, toxin 

thresholds, communication and response planning, and specific considerations for prevention and management 

control strategies. A goal of this watershed management plan is to provide management strategies and actions 

that will in theory help manage water quality conditions such that the occurrence of the mats is reduced.  

 

 
4 htps://www.frontiersin.org/articles/10.3389/fmicb.2012.00140/full 

5 https://itrcweb.org/teams/active/hcb  

 

https://www.frontiersin.org/articles/10.3389/fmicb.2012.00140/full
https://itrcweb.org/teams/active/hcb
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Figure 4: Cyanobacteria Map and Legend 
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Benthic Cyanobacteria Mats (blue numbered icons to .) 

1. Mouth of Meadow Brook 

2. Small inlet near Grenier/Lord Road 

intersection 

3. Newton's (Great) Island swim area 

4. Mouth of Unnamed Brook/Wentworth Cove 

5. End of Lord Road coves 

6. Virginia Lane, inlet to White Pond 

Brook/Beaver Ponds 

7. Sparhawk/Chandler junction cove 

8. Olde Pine Rd near Sparhawk Trail 

9. Quaking/floating bog area 

10. Cove southeast of Fay Way 

11. Junction of Pinewood Shores/Blaney Road 

12. Mouth of Quimby Brook 

13. Black's Cove  

14. State Property near Sawdust Cove 

15. Tiny Cove near 98 Crew Road north 

16. Heron Cove shoreline 

17. End of Blue Wave Lane shoreline 

18. Blue Wave Lane shoreline 

19. Flynn Road shoreline 

20. Kerry Drive shoreline 

21. Windy Point Rd shoreline 

22. Michawanic Condominium docks 

23. East side of Arthur Fox dam 

Cyanobacteria on shoreline rocks and logs (green location icons ) 

Clearwater shoreline 

Michawanic Condo. shoreline 

Off Buck Rd shoreline 

South side Loon Point 

Crew Road shoreline 

Lord Road shoreline 

Lord Road shoreline #2 

Lord Road shoreline #3 

Lord Road shoreline #4 

End of Virginia Lane 

Virginia Lane shoreline 

Chandler Lane Point 

Surface Cyanobacteria Bloom (red icon ) November 2021, Loon Point, south shoreline 
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2.8 Erosion 

On September 10, 2004, the NHDES Wetlands 

Bureau issued a Field Inspection Report responding 

to concerns expressed by the PRPA over excessive 

rates of erosion on the shoreline of PRP. The report 

states that almost all the shoreline is subject to 

some form of erosion problem. The only frontages 

that have been spared are those that had been 

modified or armored at one time. The volume of 

material that had been removed was evident from 

photos included in the report. The likely causes 

were attributed to: 

¶ The shoreline at the impeded high-water 

mark never evolved to be stable in the 

presence of water, and therefore is more 

susceptible to any erosive force. 

¶ Increased wave forces from wake boat 

activity on the lake. 

¶ Exposure of the shoreline by the deep 

drawdown of the lake. 

The recommended action in the Report was to 

apply for grants to help develop a series of options 

for stabilizing the various types of frontages based 

on the differing conditions, and establish methods 

that the regulatory agencies would recognize as 

viable alternatives for property owners to stabilize 

their shoreline. 

Almost 20 years later, increased wave action from 

wake boats and the recently popular wake surfing, 

along with increased numbers of people recreating, 

compounds an already bad situation. The erosive 

forces of wind and water have left behind deep 




































































































