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A 70+ Year Retrospective 

Photo Source: http://pamperkinsrealestate.com/our-areas/sutton/kezar/



Presentation Overview

� General background and morphology of Kezar 
Lake

� What made Kezar Lake go bad?

� History of water quality concerns, studies and 
remediation techniques 

� Water quality of Kezar Lake today

� Current day threats



Morphology of Kezar Lake

� Location: North Sutton, New Hampshire

� Trophic Status: Mesotrophic

� Watershed Area: 6,848 acres

� Surface Area: 182 acres

� Maximum Depth: 27.06 feet

� Mean Depth: 8.91 feet



Land Uses in the Kezar Lake Watershed



First Surveys of Kezar Lake

� 1938: NH Fish and Game conducted the first chemical, 
biological, and physical water quality survey on Kezar Lake. 
Overall, no concerning results.  Due to low bottom oxygen, the 
pond was rated as suitable for warmwater fisheries.

� Other water quality assessments from NH DES began in the 
1960s and 1970s when lakes programs were initiated

Parameter Result

Color Brownish

Transparency 11 Feet

Alkalinity 7-10 mg/L CaCO3

pH 6.2-6.8



“Here is one of the most lovely 
and picturesque places in central 

New Hampshire”

-Worthen (1890)

Photo source: https://www.vrbo.com/634637



Why So Much Focus on Kezar Lake?

� Historically, Kezar Lake was known as a pristine 
waterbody       

� In 1934, a portion of the Kezar Lake shoreline became the site for 
Wadleigh State Park due to its beauty and many recreational uses

� But….things started to change when the New London 
Wastewater Treatment Plant was built in 1931 

� Treatment plant’s nutrient-rich effluent (mostly Phosphorus) was 
discharged into the main tributary of Kezar Lake, Lyon Brook, 
about 3.5 mi upstream of the lake

� This stimulated the eutrophication process (lake aging) and 
had many direct and indirect influences on Kezar Lake’s water 
quality over decades….and so it began…



Eutrophication

Image Source: http://www.bbc.co.uk/staticarchive/05e29b2e4fb11a0954c97cbe5273999767ea9fff.jpg



Simply put….

More Phosphorus   =   More Growth 

(algae usually)



Kezar Lake

Approximate Location of Sewage 

Treatment Plant along Lyon Brook



First Documented Water Quality Concern

� 1961: First documented 
algae bloom in the lake 
(Anabaena, a 
cyanobacteria) 



Initial Attempts at a Fix- 1960s

� Several attempts to fix the problems in the lake were 
implemented

� Most were “Bandaid” approaches



1960s Copper Sulfate (Algaecide Treatments)

• 1963/1964: Copper sulfate treatments to 

reduce algae growth from initial blooms

• 1966: Another algal bloom was reported 

and treated with copper sulfate.  

Treatment was not effective this time, 

possibly because the algae resisted the 

copper sulfate. A large fish kill 

followed.

• Successive blooms were of another type 

of cyanobacteria known as 

Aphanizomenon, at the time known to 

be a serious toxin producer, so copper 

sulfate treatments were suspended 



Stuck in a Bad Cycle

High nutrients

Algal blooms

High organic 
matter

Decomposition

Low Oxygen

Fish kills

Shorefront 
properties 
devalued in 

1968!



Mechanical Destratification

� 1969: Mechanical 
destratification was initiated to 
stimulate lake mixing 

� Compressed air sent to the bottom 
of the lake released bubbles that 
lifted cool water to the surface

� Algae was mixed throughout the  
water column, preventing dense 
colonies from blooming

� This process allowed for short-term 
water quality successes 

Image source:  http://www.hakkoairpumps.com/UserFiles/upwelling%20current.jpg(3).jpg

Mechanical destratification
mixed dissolved oxygen 
throughout the water 

column, preventing dense 
algal growth at the surface 



Dense Algal Blooms from Increased Nutrients: 
No Fun for Lake Residents or Park Visitors

� Blooms and Clarity

Year Bloom Duration Clarity (<4 ft)

1968 20 weeks 14 weeks

1969 14 weeks 4 weeks

1970 8 weeks 6 weeks

1971 4 weeks 4 weeks

1972 8 weeks 7 weeks

1973 14 weeks 14 weeks

1974 9 weeks 7 weeks

1975 10 weeks 7 weeks



Mechanical Destratification, cont.

� 1970: Dense algal blooms appeared again 
despite destratification practices. 

� Treatment plant initiated tertiary treatment processes of 
sewage.

� 1972/1973: Cycle of algae blooms returned 
back to pre-destratification levels

� 1974: Last season destratification was used



Environmental Protection Agency 
Involvement

� 1978: Section 314 of the Clean Water Act brought 
the EPA to Kezar Lake to survey water quality
� Classified Kezar Lake as eutrophic (worst rating)

� Concentrations of phosphorus were measured at over 80 ug/L 
(over 10 ug/L is undesireable for a healthy lake)

� Kezar Lake ranked #1 out of 71 eligibile lakes for restoration 
efforts

� Resulted in a 19 year, three-phase study funded by the 
EPA 

� Phase I- Diagnostic/Feasibility Study

� Phase II- Implementation Project

� Phase III- Follow Up Monitoring and Reporting



Study Phase I: Diagnostic and Feasibility Study

� 1979: Diagnostic and 
Feasibility study grant was 
awarded to Kezar Lake

“To determine the causes and 

extent of pollution, evaluate 

potential solutions to water quality 

problems, and recommend an 

effective and feasible method for 

restoring and maintaining water 

quality in a particular lake”



Diagnostic and Feasibility Study Field Procedures

� Established 12 set sampling locations within the lake and 
watershed that were regularly sampled

� Parameters Included: 

• Temperature

• Dissolved 

Oxygen

• Turbidity

• Plankton

• Transparency 

• Chlorides

• pH

• Alkalinity

• Hardnesss

• Phosphorus

• Nitrogen

• Chlorophyll-a 



1981: New 
London 

Wastewater 
Treatment Plant 
decommissioned 









Study Phase II: Restoration/Protection Project

� 1984: Beginning of Restoration/Protection Project

� Two Strategies

1.  Aluminum salt additions to inactivate excess phosphorus  that 
settled into the sediments

� Inflowing sources remediated

� Time and distance from initial high loadings

�Decommissioning of old plant

� Addition of tertiary treatment step

• Needed to address internal sources of Phosphorus (internal loading 
from bottom sediments)

2.  Use wetlands to lock up phosphorus into wetland vegetation 

� Cleaning up residual phosphorus in the stream



Aluminum Salt Additions

� Aluminum forms complexes 
around phosphorus which restricts 
it from being taken up by 
organisms such as phytoplankton 
� Immediate Results 

� Shorter period of anoxia (low to no 
oxygen)

� Shift in dominant phytoplankton species 

� Decreased total phosphorus levels

� Increased transparency 

� Decreased Chl-a

� Increased plant density (due to increased 
clarity)



Manipulation of Riparian Wetlands:  
Use What You’ve Got!

� Chadwick Meadows Wetlands were created 
along Lyon Brook in 1983 
� Impounded existing wetlands

� Added additional vegetation (wild rice) to take up 
phosphorus during the growing season, so it was not free 
for algae in the lake to use to grow

� Immediate results

� Phosphorus levels were reduced in Kezar Lake during some 
study months 

� Oftentimes, the wetlands were noted to be more of a source 
than a sink for Phosphorus – possibly due to the wetlands’ 
young age







Study Phase III: Post-Restoration Monitoring 
Project

� EPA funded the New Hampshire Department of 
Environmental Services to continue monitoring 
Kezar Lake from 1984-1994

� Goal was to evaluate the effectiveness of the 
aluminum salt additions and the Chadwick Meadows 
Marsh system 





Post Aluminun Salts Injection

Mean Monthly Phytoplankton Relative Percent
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Post-Aluminum Salts Injection 
Chlorophyll-a Concentrations



Post-Treatment Transparency









Water Quality Since Remediation

� The NH DES Volunteer Lake Assessment Program 
has been monitoring the water quality of Kezar Lake 
since 1988

� Recent water quality tests show:

� Good phosphorus, dissolved oxygen, and chlorophyll-a 
concentrations 

� Cyanobacteria still present but not at a level of concern



Current Water Quality (2015 data)



Oxygen and Temperature in Kezar Lake



Kezar Lake Algal Community



Before and After Three-Phase Study

1980 2015

Total 
Phosphorus

50 ug/L 9 ug/L

Dissolved 
Oxygen

7.8 mg/L ~7.5 mg/L

pH 6.15 6.89

Chloride 24.5 mg/L 45 mg/L

Turbidity 4.7 NTU 1.13 NTU

Chlrophyll-a 13,800 ug/L 5.68 ug/L

(DES, 2015)(Connor and Smith, 1983)



Impaired Waters List

Designated 
Use

Parameter 2014 (not 
finalized)

2012 2010 2008 2006

Primary 
Contact 
Recreation 
(swimming)

E.coli FS II II FS FS
CHLa FS FS FS FS FS
Cyano NS NS NS NS NA (process poorly 

developed at this time.)

Aquatic Life 
Use

CHLa FS Delisted, 
now FS

NS NA (Not assessed –
method had not yet 
been developed)

NA (Not assessed –
method had not yet 
been developed)

TP FS Delisted, 
now FS

NS NA (Not assessed –
method had not yet 
been developed)

NA (Not assessed –
method had not yet 
been developed)

DO %sat NS NS NS NS NS
DO mg/L FS FS FS FS FS
pH NS NS NS Observed effect – (Old 

method replaced in 
more recent cycles)

Observed effect – (Old 
method replaced in 
more recent cycles)

NA – Not Assessed

II – Insufficient information

FS – Full support

NS – Non support



Kezar Lake “Report Card”



Kezar Lake Water Quality Event
Time Line

1931- Sewage Treatment facility discharge begins

1934- Wadleigh State Park established on the shores of Kezar Lake

1938- First water quality survey of Kezar Lake (Fish and game Survey)

1961- First noted algal bloom and decrease in lake clarity

1963- First copper sulfate treatment

1964- Construction of new dam

• Construction of I-89

• Second copper sulfate treatment

1966- Massive fish kill

1968- Lake-shore property devaluated

1968- Mechanical destratification (mixing) of the lake

• Treatment Plant upgraded



Kezar Lake WQ Event Time Line, cont.

1970- Tertiary treatment initiated at treatment plant

1972- Decrease in effectiveness of destratification

1974- Final season for destratification

1979- Kezar given highest priority for restoration

• Diagnostic/Feasibility Federal Grant Application
1980- Phase I Diagnostic/Feasibility Study
1980- New London Wastewater Treatment Facility 

decommissioned
1983- Completion of Diagnostic/Feasibility Study

• Creation of Chadwick Meadows Marsh

• Pilot phosphorus inactivation

1984- E.P.A. Phase II Implementation Grant

• Sediment phosphorus inactivation

• Water quality improvements



Kezar Lake WQ Event Time Line, cont.

1985- Monitoring.

• Evaluation of Aluminum Salts Injection and 
Wetlands Management (EPA Report).

• Record transparency recordings.

1986- First Year Response (EPA Report).

1989- E.P.A. Final Phase II Report.

1989- Kezar Lake Consent Decree 

1995- Kezar Watershed Committee formation

2000- E.P.A. Final Phase III Report.

Last 28 years- Monitoring through Volunteer Lake 
Assessment Program



Emerging Threats:  Now What?!?!

� Increasing conductivity in the lake

� Road salting

� Invasive species

� Wild celery in nearby stream

� Variable milfoil and other species nearby



Increasing Conductivity

� Likely due to road salting on majors roads in the  
watershed

� Lakes are settling basins, so the watershed is 
constantly feeding Kezar Lake

� Suggesting having local road agents obtain a NH 
Voluntary Salt Applicator license through UNH 
Technology Transfer Center’s Green SnowPro 
Certification Program.



Aquatic Invasive Species

� Here, and nearby!

� 2015 find of Wild Celery by local consultant

� Also known as Java water droplet

� Ornamental plant popular as a food source in Asian cuisine

� Located in the small stream in the park adjacent to the outlet 
of Kezar Lake

� Long-Term Management plan developed by DES for the site

� Fragment barriers and silt fencing set up around the site by 
local consultant and volunteers

� One hand pull conducted in 2016, others to follow





Other Aquatic Invasive Species Near Kezar Lake



Organizations Involved in Kezar Lake Studies 

� New Hampshire Department of Environmental Services

� New Hampshire Fish and Game

� United States Environmental Protection Agency

� Kezar Lake Association

� Town of Sutton



Long-Term Recommendations

� Continue to monitor Kezar Lake and inflowing 
tributaries through the Volunteer Lake Assessment 
Program

� Be good watershed stewards, both on your own 
property, and as observers of what is happening in 
your watershed

� Practice prevention (Lake Host) and early detection 
(Weed Watcher) efforts to keep Kezar Lake free of 
invasive aquatic species



AMY  P .  SMAGULA

L IMNOLOGIST /EXOT IC  SPEC IES  PROGRAM  
COORDINATOR

NH  DES

AMY .SMAGULA@DES .NH .GOV

T IMOTHY .DUNLEAVY@DOS .NH .GOV

Questions and Discussion







Recommendations From VLAP 

� Continue monitoring and on phosphorus 
concentrations and transparency levels on Kezar 
Lake – variability in the trends may be due to storm 
water runoff 

� Conductivity levels could improve with changes in 
icing practices in winter months 

� Overall, great work!



P load (Kg P)
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Questions?



Chadwick Meadows Sampling Station Locations, Kezar Lake,North 






