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Option 2.  Water Quality Goal: Meet Current NHDES Thresholds for Trophic Class, with 10% reserve 
assimilative capacity 

Waukewan 5.9 7.2 307 375 22.1% 

Winona 7.2 10.8 103 155 50.5% 

Option 3.  Water Quality Goal:  10% Decrease from predicted in-lake phosphorus concentrations  

Waukewan 5.9 5.3 307 276 -10.1% 

Winona 7.2 6.5 103 93 -9.7% 

 

The above information was presented to the Waukewan Winona Lake Study Advisory Committee 
(WWLSAC) on October 27, 2014.  Representatives for both Lake Waukewan and Lake Winona 
opted to select target goals which decrease the in-lake phosphorus concentration from the predicted 
in-lake levels.  The target goal for Lake Waukewan was set to achieve an in-lake TP 
concentration of 5.3 µg/L in 10 years, requiring a reduction in phosphorus load to the lake of 
31 kg/year.  Although Lake Winona is well below the reserve assimilative capacity threshold 
of 10.8 µg/L for a mesotrophic waterbody, the WWLSAC chose to be aggressively proactive 
and selected a target goal to achieve a 5-10% decrease in in-lake TP concentration in 10 years.   

5.0 Identification of Pollution Sources in the 
Watershed 

To assist the WWLSAC achieve the respective target goals, watershed and shoreline surveys were 
conducted to identify potential sources of pollution and sediment loading throughout the 
watershed.  The information gathered from the surveys was used to estimate the pollutant 
loading from each source and to determine priority areas for implementing best management 
practices (BMPs).  

5.1 Watershed Nonpoint Source Survey 

In April, 2014 trained technical staff from FB Environmental Associates and DK Water Resources 
Consulting spent two days documenting erosion on the roads, municipal properties, driveways, and 
stream crossings in the Waukewan and Winona watershed.  Problems were identified and 
documented, solutions were recommended, and the costs of improvements were estimated.  In 
addition to documenting erosion sites, staff obtained information on shoreline and stream bank 
erosion as well as gully dimensions at each site. 
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The primary purpose of the 2014 Lake Waukewan and Winona Lake Watershed NPS Survey was 
to: 

 Identify and prioritize existing sources of polluted runoff, particularly soil erosion sites, 
within the watershed. The survey focused on investigating potential sources of erosion and 
runoff to all waterbodies in the Waukewan-Winona watershed. 

 Raise public awareness (through this plan and other outreach conducted by LWA) about the 
connection between land use and water quality, and the impact of soil in the watershed.  

 Provide the basis to obtain additional funds to assist in fixing identified erosion sites 
throughout the watershed. 

 Use the information gathered as one component of a long-term lake protection strategy. 

 Collect site information to model estimated pollutant load reductions for each source of NPS 
pollution to Lake Waukewan and Winona Lake. 

The purpose of the survey was NOT to point fingers at landowners with documented problems, nor 
was it to seek enforcement action against landowners not in compliance with ordinances.  It is the 
hope that through future projects, local lake associations and communities can work together with 
landowners to solve erosion problems on their property, or help them learn how best to accomplish 
solutions on their own. 

Volunteers and technical staff identified 65 sites in the Lake Waukewan and Winona Lake 
watershed that are currently impacting or have the potential to impact water quality in the lake 
(Figure 26).  Some key conclusions include: 

 34 of the identified sites were documented on town roads (Figure 27).  In total, there were 
51 road-based sites (78%), including private roads, state roads and driveways; these sites 
generally have more severe problems, which in turn have a greater impact on the lake, as 
shown in Table 21).  

 Problems on residential land account for about 10% of all documented erosion sites. 
Residential sites are often less severe and less costly to fix.  Additionally, landowner support 
and assistance can be instrumental in fixing these problems.  Please note that additional 
residential sites were identified in the shoreline survey. 

 The cost of fixing the sites was roughly estimated for all sites (Figure 29).  24(38%) of these 
sites are expected to incur a high cost (over $2,500).  These high cost sites are commonly 
road and stream crossing sites. 29 sites (45%) are expected to have an associated cost 
ranging from $500-$2,500.  These sites are mainly located on roadways, driveway sites and 
public areas. 11 sites (17%) will incur a low cost (under $500), and are primarily associated 
with slight surface erosion found at a variety of sites.  

 Erosion sites were identified throughout the watersheds on a variety of different land uses.  
As such, everyone has a role to play in lake protection.  The Towns of Meredith, New 
Hampton and Center Harbor, shorefront property owners, business owners, road 
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associations, lakefront landowners and even people living farther from the lake can all take 
measures to reduce lake pollution. 

 

 
Figure 26.  Map of Nonpoint Source Sites identified in the Waukewan watershed survey.  
Maps A and B can be found in the Appendices. 
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Table 21. NPS Sites Land Use and Impact 

 

 

 

 

 

 

 

 

Land Use High Impact  
Medium 
Impact  

Low 
Impact  

Total 

State Road 4 3 3 10 
Driveway 0 1 2 3 

Town Road 11 12 11 34 

Private Road 2 2 0 4 

Residential 0 4 2 6 

Boat Access 0 2 0 2 

RR ROW 0 2 1 3 

Commercial 1 0 0 1 

Municipal/Public 0 2 0 2 

Total 17 28 19 65 

FIGURE 27. NUMBER OF NPS SITES BY LAND USE 
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Each site was rated for its potential impact to 
waterbodies (Figure 28).  Just under half of the 
surveyed sites were determined to have a 
medium impact on water quality.  Impact is 
based on slope, soil type, amount of eroding soil, 
buffer size and proximity to water.  

“Low” impact sites are those with limited 
transport of soil off-site with 30% of sites were 
rated low impact.  “Medium” impact sites 
exhibit sediment transportation off-site, but the 
erosion does not reach high magnitude.  44% of 
sites were rated medium impact.  “High” impact 
sites are those with large areas of significant 
erosion and direct flow to water.  27% of sites 
were rated high impact.  

Recommendations were made for fixing each 
site, and the associated cost of labor and 
materials was estimated (Figure 29).  Cost is an 
important factor in planning for restoration and 
the associated costs of BMP application.  

“Low” costs sites were estimated to cost less than 
$500.  17% of sites were rated low cost.  An 
estimated cost between $500 and $2,500 was 
rated as “Medium.”  45% of sites were rated 
medium cost.  If the estimated cost was greater 
than $2,500, a “High” rating was assigned.  38% 
of sites were rated high cost. 

Each evaluated site may be an isolated area of erosion, or connected to other sites as a cause or a 
result of stormwater runoff in adjacent areas.  For example, runoff from a roadway may be eroding 
a nearby driveway.  Runoff issues on one residential lot may affect a driveway nearby.  The 
following section discusses the issues associated with NPS pollution identified for the three main 
land uses.  

 

 

FIGURE 28. EROSION SITE IMPACT RATINGS 

Figure 29.  Site Cost Ratings 
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NPS Sites - Residential Areas 
Residential areas accounted for about 10% of identified sources of polluted runoff.  Four of the six 
total residential sites were determined to be medium impact.  The remaining two sites were 
estimated to be low impact to the lake.  Four of the sites were estimated as “medium” cost, and the 
remaining sites were assigned a “low” cost rating.  The residential sites documented during the 
survey were often observed from road related sites and stream crossings.  All of these sites were 
characterized as having buffer problems with an inadequate or non-existant buffer area between 
adjacent impervious surfaces and the streambank or shorefront.  Below are examples of the most 
common problems seen at these sites, and recommended conservation practices to prevent soil 
erosion from affecting water quality in the lake. 

 
 

Problem: Lack of Buffer or Inadequate Buffer 

Solution: Control runoff from impervious surfaces from eroding the lake shore or adjacent 
streambank by establishing a vegetaive buffer or no-mowing zone. 

 
 
 
 
 
 
 
 
 
 

 

 

NPS Sites - Roads 

34 town road sites, 10 state road sites, and 4 private road sites were identified during the survey.  
These account for 73% of all surveyed sites.  There were 17 high-impact sites, 17 medium-impact 
sites, and 14 low-impact sites.  19 of these sites were rated as medium cost, and 23 sites were 
determined to be high cost.  The remaining 6 road sites were given a low cost rating.  Road sites 
documented during the survey were often related to unstable or eroding culverts, road shoulder 
erosion, and ditch erosion.  The following problems are examples of the most common road sites 
documented during the survey. 

 

 

Buffer Zone along lake shore slows runoff 
from adjacent areas and prevents erosion. 
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Problem: Severe road shoulder erosion resulting in sediment delta into stream 

Solution: Remove road berms. Resurface road with new material and reshape. Install a plunge 
pool and direct runoff into forested buffer. 

 
 
 
 
 
 
 
 

 

 

 

 

 

Problem: Severe ditch erosion  

Solution: Line ditch with rock and vegetate for stability. Install turnouts directing water into 
forested buffer.  

 

 
 
 
 
 
 
 

 

 

 

Plunge Pool  
Collecting runoff 

Re-grade Road & add 
new surface material 

Turnouts direct water 
into vegetated areas 

Ditch armored with 
stone and vegetation 
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NPS Sites - Driveways 

Three driveway sites were documented and represent 5% of all sites.  None of the sites were 
determined to be high impact.  Two sites were assessed as low impact and one site was determined 
to be medium impact.  No driveway sites were estimated to have high cost fixes.  One site was 
estimated to cost between $500 and $2,500 (medium cost rating), and the other two sites were 
considered low cost (less than $500).  The following example represents the most common 
driveway problem observed during the survey.  

 
 
Problem: Surface erosion 

Solution: Re-grade driveway. Install rubber razors or water bars.  

 
 
 
 
 

 
 

 

 

 

 

Fixing the NPS sites identified in this survey will require efforts by individuals, local lake and 
homeowner associations, road associations and municipal officials.  

One approach to prioritizing erosion sites is to focus first on identifying sites rated high impact.  
Addressing problems at any of these sites would likely improve water quality at a moderate cost.  
To further prioritize this list, sites with the highest likelihood of available funding, landowner 
participation, and/or community interest should also be identified.  

It should also be noted that, although addressing high-impact sites is important, multiple low-impact 
erosion sites in one area can also have a negative impact on water quality and should be addressed.  

 

Rubber razors direct 
water off driveway and 

into vegetation 

Resurface driveway with 
hard-packing, cohesive 

surface material. 
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5.2 Shoreline Survey 

The Lake Waukewan and Lake Winona Shoreline Survey was conducted on Wednesday, July 11, 
2014 by FB Environmental Associates (FBE) and several local watershed association volunteers.  
Two boats were utilized for surveying Lake Waukewan and one boat was used for Lake Winona.  
Staff and volunteers documented conditions of the lake shorelines by parcel using a scoring system 
that FBE has used previously for several lakes in ME and NH that evaluated vegetated buffer 
condition, appearance of bare soil, areas of shoreline erosion, the distance of structures to the lake, 
and the slope of the shoreline.  Overall scores were given to each site based on these criteria.  
Photos were taken of each parcel evaluated; these photos have been cataloged by lake and site 
number and are stored on file at FBE and LWA.  The photos will provide the project stakeholders 
with a valuable tool for assessing the lake shoreline conditions over time.  It is recommended that a 
shoreline survey be conducted every 5 to 10 years to evaluate changing conditions.  Ideally a re-
survey should be conducted in mid-summer. 

A total of 303 parcels were evaluated, of which 215 were located on Lake Waukewan and 88 on 
Lake Winona.  Each parcel was given a score for different shoreline conditions that varied from one 
to five depending on the category (Buffer, Bare Soil, Shoreline Erosion, Distance, Slope).  Scores of 
12 or more tend to indicate conditions that may be detrimental to lake water quality.  Total scores 
could range from zero to eighteen (Figure 30, Figure 31).  Shoreline conditions and overall scores 
were higher (slightly worse) on Lake Waukewan than Lake Winona (Table 22).   

 

  

Figure 30. Lake Winona parcel receiving a final  
score of 7 

Figure 31. Lake Waukewan parcel receiving a final 
score of 12 
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Table 22.  Average shoreline disturbance scores for each category evaluated, and the total average score for each 
lake.  Lower values indicate shoreline conditions that are effective at reducing erosion and keeping excess 
nutrients out of the lake. 
 

Lake # Parcels 
Evaluated 

Average Scores Per Parcel Total 
Shoreline 

Disturbance 
Score (0 - 18) 

Buffer   
(1 - 5) 

Bare 
Soil (1 - 

4) 

Shoreline 
Erosion     
(1 - 3) 

Distance 
(1 - 3) 

Slope    
(1 - 3) 

Lake Waukewan 215 3.6 1.6 1.2 2.5 1.5 9.6 

Lake Winona 88 2.2 1.2 1.1 2.5 1.8 8.6 

Total 303 2.9 1.4 1.1 2.5 1.7 9.1 

 

The overall average combined shoreline disturbance score of both lakes was 9.1.  High scoring 
parcels on both lakes are those scoring a 10 or higher (Figure 32, Figure 33).  These sites tended to 
have inadequate buffers, some evidence of bare soil, and structures within 75 feet of the shoreline.  
This trend tells us where the greatest improvements can be made around the lake shorelines, such as 
through planting stronger buffers and installing erosion controls.  Although sites with good buffers, 
lack of shoreline erosion, and gradual slope conditions tended to score lower they should still be 
monitored for future changes and, if necessary, improvement. 
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Figure 32. Lake Waukewan Parcel Scores                                     Figure 33.  Lake Winona Parcel Scores 
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The shoreline survey can be used to target future implementation efforts on residential shoreline 
properties.  A recommended next step for the local lake associations is to locate property owners 
willing to “demonstrate” what an ideal shoreline buffer looks like and how it functions. 

Data from both surveys will be used to inform the watershed plan and steps for improving the 
shoreline of these lakes.  This includes highlighting areas contributing to non-point source pollution, 
determining actions needed to reduce NPS pollution and maintain water quality goals, as well as 
prioritizing areas for shoreline restoration using stormwater Best Management Practices (BMPs). 

5.3 Prioritization of Mitigation Projects 

Malfunctioning septic systems, beach erosion, inadequate shoreline buffers, poorly maintained 
roads, winter sand inputs, and boat traffic all contribute to the current state of the water quality in 
Lake Waukewan and Lake Winona.  The watershed survey conducted in April 2014 documented 
more than 60 issues persisting today within the watershed contributing sediment and other 
pollutants to various waterbodies throughout the watershed.  The Lake Winnipesaukee Association 
and the Waukewan and Winona Lake Study Advisory Committee have begun the task of educating 
residents about the potential adverse effects of soil erosion and phosphorus as part of the watershed 
planning process and through recent projects.  

By modeling results of pollutant reductions expected from addressing the 65 identified sites, we can 
estimate the total P load currently contributed by these selected locations throughout the watershed.  
Currently, 249.9 pounds of P enter Lake Waukewan and Winona Lake annually from these areas.  
Ideally, if all 65 problem sites identified in the 2014 watershed survey were treated with Best 
Management Practices (BMPs), and all new development contained proper phosphorus controls, 
these annual TP loadings would be significantly reduced, even in the face of growing development.   

The EPA Region 5 Model was used to calculate the reduction in pollutant load in response to the 
implementation of BMPs in the Lake Waukewan and Winona watershed.  The Region 5 Model 
provides a gross estimate of sediment and nutrient load reductions from the implementation of 
agricultural and urban BMPs.  While it is recognized that this system has limitations, it does provide 
a uniform system of estimating relative pollutant loads. 

During the watershed survey, measurements were collected at each identified site.  The 
measurements document the area of any observed surface erosion or exposed/bare soil, the average 
dimensions of any gully erosion observed at each site (depth, width and length), and the height and 
lengths of eroded streambanks observed during the survey.  These measurements are used as inputs 
in the Region 5 Model to calculate the reduction in pollutant load expected if these eroded areas 
were addressed by installing the recommended BMP.  
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BMP Type Materials Labor Total  Reference
Vegetated Buffer (20') 400$                 80$              480$        CCSWCD (2008). Table of Estimated Costs for Conservation Practices

New Culvert (20' X18") 500$                 1,000$        1,500$    CCSWCD (2008). Table of Estimated Costs for Conservation Practices

Gravel  and grading (200' x 16') 500$                 860$           1,360$    CCSWCD (2008). Table of Estimated Costs for Conservation Practices

Dripline/infi ltration trench (18''x20'x8'') 150$                 110$           260$        CCSWCD (2008). Table of Estimated Costs for Conservation Practices

Rubber waterbar (16') 320$                 60$              380$        CCSWCD (2008). Table of Estimated Costs for Conservation Practices

Grass‐l ined ditch (100') 175$                 400$           575$        CCSWCD (2008). Table of Estimated Costs for Conservation Practices

Rock‐l ined ditch (100') 350$                 400$           750$        CCSWCD (2008). Table of Estimated Costs for Conservation Practices

Ersion control  mulch (30' x 30' x 4'') 350$                 120$           470$        CCSWCD (2008). Table of Estimated Costs for Conservation Practices

Plunge Pool $1.25/sq. ft. $75/hr ‐ Corespondence with J. Houle ‐ University of NH Stormwater Center

Guard Rail   $20/ Linear ft. $75/hr ‐ Corespondence with J. Houle ‐ University of NH Stormwater Center

Retention Swales $1.35/sq. ft. $75/hr ‐ Corespondence with J. Houle ‐ University of NH Stormwater Center

Recycled Asphalt $3.80/sq. ft. $75/hr ‐ Corespondence with J. Houle ‐ University of NH Stormwater Center

Check dams  & turnouts $500‐600 ea. $75/hr ‐ Corespondence with J. Houle ‐ University of NH Stormwater Center

Paving (driveway) $3.80/sq. ft. $75/hr ‐ Corespondence with J. Houle ‐ University of NH Stormwater Center

Open‐top Culvert  100$                 50$              150$        Estimate based on current lumber prices

Retaining Walls $40/sq. ft. $75/hr ‐

Estimates from two landscaping companies for block/concrete walls: 

http://www.landscapingnetwork.com/walls/retaining‐cost.html

http://www.bahlerbrothers.com/blog/bid/111056/How‐much‐do‐

Retaining‐Walls‐Cost

Concrete curbing $15/linear foot
Included in 

material 
‐

Technical staff conducting the watershed survey also made in-field recommendations for each 
identified site in the watershed.  Based on these recommendations, FBE was able to provide 
estimates of cost for each recommended BMP.  Cost estimates were based roughly on the table 
below: 

Table 23.  Cost Estimates of common Best Management Practices (BMPs). 

 

 

 

 

 

 

 

 

Estimates were also provided for annual maintenance cost for each BMP.  The initial cost of the 
BMP was combined with the annual cost of each BMP over a ten-year period (initial cost + (annual 
maintenance cost x 10 yrs)) to calculate a 10-year BMP cost for each site.  This 10-year cost 
estimate was then used to determine the 10-year cost per lb and per kg of phosphorus removed by 
each BMP per year.  

All surveyed sites were prioritized by two factors.  First, priority was given to sites assessed as 
having a higher environmental impact to water quality.  Second, sites were then sorted by cost per 
lb. of phosphorus removed by the recommended BMP each year.  The resulting prioritized list for 
each lake’s watershed can be found in Appendix E.  

The top six BMP sites from the prioritized list of all identified survey sites for each of the Lake 
Waukewan and Lake Winona watersheds would remove 84.8 kg of phosphorus per year from 
entering either Lake Waukewan or Winona (Table 24, Figure 34).  This would account for 75 % of 
the total estimated P load per year contributed by all surveyed problem areas.  On average, the top 
12 BMPs will have an estimated 10-year cost of $874 per kilogram of phosphorus removed.  
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Figure 34.  Map of top 12 BMP sites identified as having highest impact and lowest cost per pound of 
phosphorus removed. 
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Table 24.  Top 6 BMP sites in the Lake Winona and Waukewan subwatersheds. 

Site Land Use Recommendations Impact 
rating 

Sediment 
(t/yr) 

Phosphorus 
(kg/yr) 

BMP 
Cost 

Estimate 

BMP Annual 
Maintenance 
Cost Estimate 

10-yr 
Cost 

10-yr 
Cost for 

TP 
Removed 

($/kg) 

Technical 
Level 

Lake Waukewan 

1-09 C Town Road Remove winter sand early spring, reseed bare soil and 
thinning grass on adjacent property Low 15.8 6.1 $575 $75 $1,325 $218 Low 

2-07 Private paved road Vegetate ditch or armor with stone, vegetate shoulder Low 13.8 6.3 $1,150 $50 $1,650 $264 Low 

1-21 Town Road Vegetate ditch, reshape ditch, install sediment pools, 
vegetation mats or riprap High 12.6 4.9 $2,000 $250 $4,500 $927 Medium 

2-08 State and Private 
Road Intersection 

Change ditch cross-section & remove plug and/or stabilize 
new ditch, install detention pond? Medium 17.9 8.1 $3,625 $250 $6,125 $754 High 

1-08 A Municipal/Public 

Add new surface material to parking area (crushed stone?) 
to prevent movement of sand, vegetate shoulder, Re-seed 
grassed areas, armor catch basin outlet at beach and create 
plunge pool.  

Medium 10.5 4.0 $1,260 $300 $4,260 $1,055 Medium 

2-03 B Private Rd Armor ditch with stone, install check dams, vegetate 
shoulder Medium 8.9 4.0 $2,400 $500 $7,400 $1,833 High 

TOTAL 33.4     $25,260 $842   

Lake Winona 

2-13 A State Road Need to armor and stabilize shoreline where Rd is closest to 
lake High 78.8 30.3 $25,000 $200 $27,000 $890 High 

2-13 B State Road Vegetate ditch and armor with stone Medium 11.3 4.6 $1,500 $200 $3,500 $764 Medium 

2-19 Town Road 

Create ditch to sediment retention area to collect runoff 
before entering CB, remove winter sand in early spring to 
reduce sediment inputs, or redirect outlet of CB away from 
lake 

Medium 6.3 2.4 $1,275 $100 $2,275 $929 High 

2-12 A Municipal/Public, 
State Rd 

Create swales to direct water from Road into woods, add 
new surface material (pea stone?) to parking areas, water 
retention swales 

Medium 17.1 6.6 $4,380 $250 $6,880 $1,046   

2-14 State Road Armor ditch with stone, vegetate ditch Medium 8.4 3.2 $2,000 $150 $3,500 $1,087 Medium 

2-16 A Boat access 

Add new surface material (crushed stone to prevent 
sediment movement off site, install runoff diverter 
(waterbar), rain garden near launch/slope, infiltration trench 
to collect runoff before it enters parking area 

Medium 11.0 4.3 $3,684 $200 $5,684 $1,333 Medium 

TOTAL 51.4     $48,839 $1,008   

 


