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The New Hampshire Department of Envircnmental Services Volunteer Lake Assessment
Program (yLAP) is a collaborative effort that depends on the cooperation of many
people. The continued help and support of these individuals and groups has
contributed to the increased popularity of Vt AP during its 2s-year history.

The VLAP Coordinator and Limnologr Center Director extend their greatest thanks to
each of the devoted volunteer monitors for spending counlless hours sampling, a.nd
identifying potential watershed pollution. The wealth of water quality informatioD
collected by volunteers is overwhelming and the data is instrumental to the
Environmental Prctection Agency and the NHDES to commit resources to tt)e
production of Total Maximum Daily Loads (TMDLS) and watershed management
planning that help protect our beautilul lakes. We also thank the volunteels for their
continued support aJId enthusiasm for the prognm.

The VLAP Coordinator and Limnolos/ Center Director also extend a well deseFed thank
you to the following DES staff:

> Biologr Section Intems Anna Sullivai, Alicia Pickett-Hale and Deidra Sargent for
conducting annual biologist visits, analyzing samples i[ the laboratory, and
managing data.

> Kathryn Rosengren for her tireless efforts to rnanage the Plymouth State
University (PSU) Satellite Laboratory to ensure its operation for VLAP and
Volunteer River Assessment Program (VRAP) groups.

> Jen Drociak, DDS Volunteer River Assessment Program Coordinator, for
assisting in VLAP plankton sample analysis.

> Tercsa Ptak, DES Clean Vessel Act Program Coordinator, and Megan Kerivan,
Biolo$/ Section Intern, for chlorophyll-a analysis.

> Scott Ashley, DES Biolog/ Section Quality Assurance and Control Oflicer, for
data management and PSU Satellite l-aboratory ovelsight-

> Andrew Cornwell, DES Waterched Management Bureau Data Specialist, for data
management and GIS support.

> DES Laboratory Services staJI who handled a constant influx of total
phosphorus and E.cali samples from VLAP, yet continued to deliver results
quickly to voluntee$.

The VLAP Coordinator arld Limnologr Center Director also recognize the staff and
intems of the Lake Sunapee Protective Association (LSPA), Colby-Sawyer College (CSCJ,
and the Sunapee Satellite I-aboratory in New London for supporting VLAP monitoriog
efforts in the Lake Sunapee region. The CSC-LSPA Satellite l"aboratory, under the
management of Bo&ie l€wis, contioued to distribut€ equipmeot to volunteer monitors
and process samples in an extremely professional and timely manner.

We would again like to thank Kathrjm Rosengren, DES Intem, for managing the pSU
Satellite Laboratory ir the interim between hiring a new laboratory Matager. The PSU
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Satellite Laboratory provided equipment and processed €anples for a number of lekes
a.rld riveae in Northem Nerr Hampshire this sea6on. A new PSU Satellita Laboratory
MairEgea, Aaron Johnson, is_novg on boatd. We encourage area lake donitors to utilirE
tlle PSU Satelite Laboratory for sampled analyse€ and techtlical assistance,
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VLAP Lakes and Volunteer Monitors
20O9 Sampline Season

Angle Pond, Sarldowrl Brant SaFe, Frcd Black, Norm Baxter
Armington lake, Piermont Mike Poole, Grita Taylor, Robert Pode
Ashuelot Pond, Washington Don Damm, Erin Zanni
Ayers Pond, Barrington Ron St. Jean, Diane St. Jean, Michael

Cavanaugh
Baptist Pond, Springlield Perry Hodges, Bob Ruel, B. Harriett
Baxter Lake, Farmington Rene T\.rrgeon
Bearcamp Pond, Sandwich Gail Colozzi, Bob Gleene
Beaver l,ate, Derry Bob Madden, Tim Pellegrino, Tristan Smith
Berry Bay, Ossipee TaIa Schroeder, Susan Marks, Molly Ne*'ton
Blaisdell l,ake, Sutton lron C. Malan
Broad Bay, Ossipee Tara Schroeder, Molly Newton, Susan Marks
Bums Pond, Whitefield Ed Betz
Canaan Street Lake, Canaan John Bergeron, Tim Jennings, Dan Fleetham

Sr., Pierce Rigrod, Dudley Smith, Rob SchaJfer
Canobie Lake, Windham Dick Harrnon, Bob Schroeder, Alexia Hannon
Captain's Pond, Salem Charlie Hudson
Center Pond, Stoddard Olenn Webber
Chalk Pond, Newbury Dennis Varley
Chapman Pond, Sullivan Richard Smith, Nicki Barth
Chase Pond, Wilmot Wayne Hayes
Chestnut Pond, Epsom Martha Chase, Bain/ Arseneau
Clement Pond, Hopkinton Madanne and Rich Sharpe, Amy Sharpe, Jason

GiUigan
Clough Pond, Loudon Curt Darling, Tom Edwards
Cobbetts Pond, Windham Tom faclair, John Pallaria, Derck Monson
Cole Pond, Andover Ann Schultz
Conner Pond, Ossipee Lynne Hart, Anita Fahy
Contention Pond, Hillsboro Bob Taraskiewicz, Bill Munsey
Contoocook L.ake, Jalfrey Ted Covert, Leon Noel, C€iolyD West
Crescent Lake, Acworth Tim Perry, Stan Rastalis, Bob Kroupa, Jerry

Bushway, Sue Paton, Mike Heidorn, Bill Paxton
Crystal l-ake, Gilmanton Jean Martin
Crystal Lake, Manchester Todd Connors, Jeff Marcoux, Jen Drociak
Darforth Pond, lrwer, Freedom Tara Schroeder, Molly Ne$ton
Deering Lake, Deering Bob Compton, Connor Compton, Dick and

Barbara Boudrot
Dodge Pond, LymaJr Patti Slaltcheff, Donna Trudell
Dorrs Pond, Manchester Jeff Marcoux, Jen Drociak
Dublin l,ale, Dublin Karen Bunch, Felicity Pool, Hannah Atmer,

Ma-rgot Sprague, l,ouisa Bi.ch
Duck Pond, F eedom Bill Clark
Dutchman Pond, Spdngfield Jen Fletcher
Eastman Pond, Grantham Jackie Underhill, Bill Underhill, Bev

Woodhouse, Ma!J/ ORourke, Ron CarI, Jan
E!'ans, Dick Hocker, Bob Parker, Cha.rlie
Mccarthy, Gale Schmidt, Shelia Shulrnan,
Jane Ralph, Maynard Wheeler

Emerson Pond, Rindge Jim and Martha crant
Forest L€&e, Daltor/Whitelield Neil Lupton, Clare Lupton, Rick kight
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Forest Late, Winchester Dave Johnson, Doug Sears
French Pond, Henniker Mike French
Frost Pond, Jaffrey kslie Whode
Gailand Pond, Moultodborough Tim Sullivan
Gilmore Pond, Jafirey Mike Lichter
Goose Pond, Canaan Dave Barney, Waj'ne Casey, Mike Riesl
Govemor's l,ake, Ra].rnond Ken Pothier
Glanite Lake, Nelson/Stoddard Tom Newcombe, Ia.n Newcombe
Great Pond, Kingston Dave Ingals, Skip Clark, Ted Holcomb€,

Willian Bixby
GrPpp I.kP Anfrim Bob Southall
Halfmoon l,ake, Barnstead Mike Fedorchak, Larry Ho1t, Bill Dugan, Fr3nk

Bramante
Hallmoon Pond, Washington Carol Andrcws, Richard Fairweather
Harantis l,ake (Houston Pond), Chester Jo Columbus
HarrisviUe Pond, Harrisville Suzanne Coble, Tucker CuUe.
Harvey Lake, Northwood Karen Smith, Nick Charest
Hermit Lake, Sanbomton Marie Westcott
Highland Lake, Andover kn Davis, Robert Welch, Frank Baker, Joe

Smith, Jim Cooley
Highland Lake, Stoddard/washington Jeff Berry, William Bearce, Mike Jubert
Hills Pond, Alton Carol Marcin, Andrea lhight, Gary Murphy
Horseshoe Pond, Concord Thomas Roy
Hunkins Pond, Sanbomton Lisa Rixen, Lisa Morin
Island Pond, Stoddard Don Flemming, G€of Molina
Island Pond, Washington Jean and Mike Kluk, l,awrence Allen, John

Butcher, Robin and Tucker Schuldt
Island Pond, Big, Derry/Hampstead Herb Lippold, Drennan Lowell, l,en Snell, Dick

Jenness Pond, Northwood Hal lGeider, Earl Klaubert, Ron Covey
Katherine, Lake, Piermont George and Joyce Tompkins, Helga Mueller
Kezar Lake, North Sutton Xen Sutton, Keith Brcoks, Charlie Ash
Kilton Pond, Grafton John and Jan Bidwell
Kimball Pond, Canterbury Bob Fife
Knowles Pond, Northfield Alan arld Cindy kach
Kolelemook Lake, Springfield Gerald Cooper, B. Cooper
l,aurel l,ake, Fitzwilliam Barbara Green, Phyllis Lurvey, Perry and

Roberta Nadeau, Daniel Shrives, Kathy Olson,
Fred lkompegal, Linda Anderson

Iravitt Bay, Ossipee Tara Schroeder, Molly Newton, Susan Mrrks
Irdge Pond, Sunapee Bruce and Shirley Thompson, Bob and Ellen

lianerva
I-€es Pond, Moultonboro Karin Nelson, Bev Nelson, Jim Nelson
Locke lake, Barnstead Cindy and Jim Covalucci, Janice Rice, Chris

Joly, Judy Strachan, Bev Lussier
Long Pond, Lempster Al Grotheer, Nola Gerrits
tang Pond, Pelham Flo and Dave Palece
Loon Lake, Plymouth/Rumney Rich Stewart, Dean Moss, Jim Fb'nn, Darryl

Loon Pond, Gilmanton Richard Hillsgrove
Irwer Beech Pond, Tuftonbolo Jim Minieri, Richard Crawford, David Fielding,

Marsha and Jim Murphy, Marty Martel, Eedee
Dopp, Rex Hawley, Tom Kennedy, Sandy
Newman

Lford Pond, Canterbury Frank and Claire Babineau



Acknowledgements

Maitin Meadow Pond, l,ancaster

Mascoma I-ake, Enlield

lake Massasecum, Bradford
May Pond, Washington
Messe! Pond, New l,ondoll

Mfll Pond, East Washington
Millen Pond, Washington
Mirror Lake, Tuftonboro
Lake Monomonac, Rindge

Moores Pond, Tamworth
Mountain Lake, North, Haverhill
Mountain l,ake, South, Haverhill
Moufltainview Lake, Sunapee
New Pond, Canterbury
Northwood Lake, Northwood

Norway Pond, Hancock
Nubanusit Lake, Nelson

Nutts Pond, Manchester
Onway l-ake, Raymond
l,ake Ossipee, Ossipee
Otter Pond, New l,ondon/Sunapee
Ottemick Pond, Hudson
Partridge l,ake, Littleton
Pawtuckaway l,ake, Nottingham

Pea Poridge Pond, Big, Madison

Pea Porridge Pond, Mid, Madison

Pearly Pond, Rindge
Pemigewasset Lake, Meredith
Perkins Pond, Sunapee
Phillips Pond, Sandown

Pilsbury Lake, Webster
Pine Island Pond, Manchester
Pine River Pond, Wakefield

Pleasant Lake, Deerfield
Pleasant Lake, New Lndon

Pleasant Pond, Francestown

Pleasant Pond, Henniker
Pool Pond, Rindge
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Bruce Ferguson, Johu Ogel, Jim Whithsnd,
John Cale
Roger Bames, Austin Flint, Jim Martel, l€e
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Hsmmond, Roger Hartrmond, Jim Magnell
Dave Currier, Chase Hand, Roben Toppi
Mike and Sherry Morrison
Nancy and Bruce Stetson, Terri Bingham, John
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MorriU
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Barbara Cameron, Dd Smith, Frank and Sherry
King, Al and Maiion l€ke
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Powwow Pond, East Kingston
Pratt Pond, Ne\.v lpssdch
Province l€l<e, Effingham
Rand Pond, Coshen
Reservoir Pond, Lyme
Robinson Pond, Hudson
Rock Pond, Windham
Rockwood Pond, Fitzwilliam
Rockybound Pond, Croydon

Round Pond, Litde, Wa-kefield
Round Pond, L)anan
Russell Reservoir, Harrisville
Rust Pond, Wolfeboro
Sand Pond, Marlow
Sawye. Lake, Gilmanton
Scobie Pond, Fmncestown
Sebbins Pond, Bedfod
Shellcamp Pond, Gilmanton
Showell Pond, Sandown
Silver t ke, Harrisville

Skatutakee Lake, Harrisville
Snake River, New Hampton
Sondogardy Pond, Northlield
Spectacle Pond, Enlield
Spofford Lak€, Chesterlield

Stevens Pond, Manchester
Stinson l,ake, Rumney
Stocker Pond, Orantham
Stone Pond, Mailborough
Sunapee Lake, Sunapee

Sunap€e Lake, Litde, New lrndon
Suncook Pond, Upper, Bamstead
Suncook Pond, Lower, Barnstead
Sunset l,ake, Alton

Swanzcy l,ake, Swanzey
Tarleton Lake, Piermont
Thomdike Pond, Jaffrey
Todd La-!ce, Newbury
Tolman Pond, Nelson
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Too Pond, Wa.rner John Hamilton
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T[r'ee Po!!d, Bow Ka y Abrams, Quinn Abrams
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Msxwell and Betsy Millard, Susan Roman,
Michele ltemblay

Wairen Lake, A.lstead Kate Tarlow Morgan, Mike Hetdorn, Dave
I-awlor, Rosemary Dowling, Z€v Kaz8ti-Morgan

Waukeena Lqke, Danbury Don and Kenneth Hartford, Judith and Tom
Erewer

l,ake Waukewan, Meredith Boo Gershun, Don Thompsolr, Duncan
McNeish, Neil Akiyama

Webste! Iake, Frur din Shelley Pellegrini, Brian CaEpbeU
White Oak Pond, Holdemess Galen Beach, Nancy Voorhis
Wicwas l,aLe, Meledith David and Marjorie Thorpe, John Ramsay
Wilson Pond, Swerzey 'lom Boulferd, Dave Noris, Rcb.cca Madrigal,

Jim Glimed€kis, Abbott Fletcher
L€ke Winnepocket, Webster George Embley, Dennid Card, Maur€en

McCanty
Lake Winnisqus.r!, Laconia/Belmont Dave and Charlene Reinauer, Dave

Mclaughlin, C. Mclaughlin, E. Mclaughlin,
Dave Burns, Emily Burns

lake Winone, New Hampton Le Gardinier, Penny Burke, Aihu!
Dunscombe



2009

Table of Contents
Introductior ...... ....,........,.,................ I- 1
Data llterpretatlonr ReadingYour Report.................,.. -1
Data Irterpretauon: craphs and Tables........................ II-3
Data Interpretation: MordtorlDg Pararreters .....,.,........ 1[-6

Biological Parameters.,.......,.. ........ II-6
Algal Abundance
Phytoplankton
Cyanobacteria
Secchi Disk Transparency

Chemica.l Parameters........... .....,.. II-11
trr
Acid Neutralizing Capacity
Couductivity
Phosphorus
Nitrogen
Dissolved Oxygen and Temperature
unrcfloe

Other Parameters. ...............,...,.... [-16
Turbidity
Bacteria

Dtecutlve Summary ........................ UI-l
Observatlora and Recommeldatlotl8.....................,.... IV- I
Appendbr A: Tables

Table 7a: Total Kjelda}ll Nitrogen (if applicabl4
Table 7b: Nitrite/Nitrate Nitrogen (if app\cdble)
Table 9: Curlent Year Dissolved Oxygen and Temperature
Table 13: Chlolide /f dpplicable)

. Table 14: Curfent Yeat Chemical and Biological Raw Data
Table 14a: Current Yeai Raw Data for Nitrogen (if applicabte)
Table 15: Station Idelrtilication

Appendix B: Maps (Bathyaetrlc ard SaEpll|g Statloal
Appeldix C: Special Topic: LaAe Drawdown
AppeDdix D: IIew Hampshire SiEllar Lake croupirgs and Data



Introduction
The 2OO9 VLAP Sampling Seasot!
The Volunteer Lake Assessment Program (VLAP) set a new pa.rticipation record lor ttte
thild straight season. A total of 178 lakes were sarnpled, 2 new lakes joined the pro-
gra&, and approximately 5OO volunteer monitors participated in the WAPI

We extend a special welcome to the volunteer monitoring groups that joined VLAP fo.
the first time this year. Ttrese volunteers represent the following waterbodies: Kimball
Pond, Canterbury; and Walker Pond, Boscawen.

And, we wel.come back our friends and new monitors at Sawyer Lake, Gilmanton; arrd
Wilson Pond, Swanzey who rejoined VLAP duling the 2009 season,

2OO9 Weather Condltlols ln New Hampshlre
The 2009 sarnpling season was marked by cool temperatures alrd above average wetfall.
According to the National Weathe. Sereice climate data, May was colder and v/ette! {3.96
inches of rain in Concord, NH) than normal; June was colder and much wetter (10th
wettest June on record a-nd double the norma-l rainfall for Concord, NH)j July set
records for cold and wet weather (gth coldest and 6th wettest July on record for Con-
cord, NH); August was slightly warmer but wetter {ove. four inches of rain and near.ly
one inch above normal in Concord, NH); and September was colder and much drier (l3th
driest September on record for Coucord, NH). Overall, 23 inches of rain lell from May
thlough September, making it the 4tlt wettest summer on lecord (past 140 years) for
Concord, NH. Also note that 2OO8 was tlle 8th wettest summer and 2006 was the 7th
wettest summer on record. Is this a lasting phenomenon?

The lainy 2009 season increased nutrient loading to many lakes and ponds. The u/et
conditions likely led to increased plant, algal and bacterial growth. However the de-
creased sunlight and cooler water temperatures may have kept overly abundalt plant
a.rrd algal golath at bay. The increased stormwater runoff volumes likely elevated turbid-
ity, decreased water cla-rity, and increased phosphorus.

Stormwater runoff also provided the nutrients required for accelerated cyanobacteria
growth. Fourteen VLAP laftes experienced cyanobacteria bloom conditions that resulted
in public beach advisories or hea-lth wa.rnings to lake residents.

2OO9 Program Updates
Ptymouth State University's (PSU) VLAP Satellite Laboratory lost it's Lab Managers and
operated at a diminished capacity this season. However a new Lab Manager, Aa.ron
Johnson, has been hired and we anticipate tlle lab to be fully operational next season.
We welco@e Aaron into this challenging role and look forwaid to workiig with him in the
future, Feel free to stop by and say hel1o to Aaion t]1is winter and spring.

VLAP will continue work on a grant flom the National Oceaaic arrd Abrrospheric Adl3inis-
tration (NOAA). The grant is targeted for ttre North Country to iitcrease proglam partisi-

I-l
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patiotr altd volunteer monitoring for VL"qP, VRAP and Weed Watchers (VLAP'S sister
progams). Volunteer monitoring groups located in the North Country calr expect easy
access to monitoring equipment and sample bottles. Also, please look for upcoming
educational and outreach initiatives targeted at the North Country.

2OO9 Report Updates
Appendix B (Data Tables) i'r the Biennial Reports has undelgone a minor change, The
fust page of a data table will include the Table Number, Lake Na$e, Town, a.ttd Table
Description in the header, Subsequent pages will not include this information, however
the footer will indicate the table number and page number. For example: 1-1, l-2, 1-3
corresponds to table 1 page l, table 1 page 2, and table 1 page 3.

Coltcludlng Remarks
Carerfully read the "Observations and Recommendations" and "Data Quality Assess-
ment aJrd Quality Control' sections of your report, and p4y specidl attention to our rec-
ommendotions to improve lake quality and the current sampling program. These sugges-
tions provide a mechanism to identify watershed pollution sources and develop manage-
ment plans to reduce pollutant loads and improve water quality. Please take advantage
of these important recommendations. Also, if a strealn survey 'Jqas recommended, please
contact the VI-{P Coordinator in t}re spring to schedule a suwey before the busy sum-
mer salnpling season.

This year's Special Topic Article "Lake Dran'dowtr: Frlend or Foe" is found in Appendix
C of the Interim Repolt and Appendix D of the Biennial Report. This will provide you
with a useful tool to eva.luate the pros a.rtd cons to lake drawdowas along with the DES
Fact Sheets Lake Dratud.oLuns for Weed. Control a d, Whg Lake Draudouns are Con-
ducted. Ple se sha-re the information with your neighbors and to\pn officials.

We realize that a vast amount of important information is presented in the following
report. If you have any questions regarding your 2009 repolt, please feel free to colrtact
us. And finally, please contact the VIAP Coordinator this spring to schedule the annual
biologist visit, sheam survey or site walk, or to schedule a summer lake association
mcatind <neqlzar

Sincerely,w ,4nU( '[vvv.,A,--''
foai6,,,'o.

VLAP Coordinator
16031 27 t-2654
sa-ra. steiner@des. nh. gov

/ Limnolos/ Center Director
(603) 27 1-3414
jody.connor@des.nh.gov

t-2



2009

Data Interpretation:
Reading Your Report

Upon rcceiving your annual rcport, please lead the 'Observations and
Recommendations' section carefully. Current and historical water quality
tends lor your lake and its tributades are descdbed in detail. You may find
it helpful to refer back to the "Monitoring Parameters" section ofyour .eport
to b€tter understadd the information provided in the "Observations and
Recommendations" section.

Intcrim Report
Figures I through 3 in the "Observations and Recommendations' scction
graphically display deep spot sampling data. The data tables in Appendix A
summarize current year deep spot and tributary data.

In the 'Observations and Recommendations' section, the deep spot data for
most parameters sanpled is compared to the respective New Hampshire
median to provide aII understanding of how the quality of your la.ke deep spot
compares to other New Hampshire lake deep spots.

plants or orghisms, Biennial Report
The graphs in Appendi'r A display deep spot sampling data. The data tables

:"11-",i'.}',;::*::::, jn Appendix B summarize the current year and historic deep spot and
;i;;;.. - ' - -- --' tributary data by providing the annual mean and maximum and minimum

values for each parameter sampled by your monitodng group.
PhFtcaI: PdMetcls

*::"'T"":-n:"j'1:1- In the "Observations altd Recommendations' section, the deep spot data for
;; s:;; ;;;;* --"' most parameters sampled is compared to the respective New Hampshire
rlansparency. median to provide an understanding ofhow the quality of your lale deep

spot compares to other New Hampshire lake deep spots. The following table

::::.T:*;il*'., summarizes key btolo8lcal, chentcal, ad phy;rc;r parameterc for all the
uii r"r.". ' srate's lal(es surveyed since 1976.

Summor Eplllmnetlc Values of New Hampshlt€ Lates

Panp.tcr !: !4!4 !i! Ur-a-s !4c4!c4
pH {units) 7AO 4.3 9.3 6.5" 6.6
AlkaliDity (Es/L) 7Ar i 85.9 6.6 4.9
Totar Phosphorus (ug/L) 7?2 <l 121 - L2
Conductivit (uMhos/@) 764 13-l 696 s9.4 4O.O
chro.id. (mg/L) 742 <2 !98 - 4
Chlorophytl-a (mglm3) 776 0.19 143.A 7.16 4.s8
Scc.hi Disk (mF* 663 0.40 13 3.7 3-2

r = the tunber of l^l"e statio6 sanpled* - affige pE reod.ins; not avemge oJ hvnrcgeft ion @@ntration
ible on bottom' readi^as

l.l.l
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Recoeaendations diocu$ed in the lobs€rvations and Retoemendations'
section Dqy include adding additional sdDpling locations arld inci€asing the
nurdber of sampling events your monitoring group couducts. pxpandingyour
sampling prograE $i[ provide additional data that will hclp DbS detcraine
Dorc accurate and rq)leeentative trenda and will also help idcntift pollution
sourtes. RecoErBendationa lnEy also includc encouragirg your oonitoring
group to work with your lakc a$ociation, wat.rslrcd rcsidcnk, and local
offcials to iruplernent managerncdt practices to protact and implove l,ake
qudity,

AIt€r leviewing yout annual rcport, dlscuog the recotamcndations n'ith your
nonitoring group and lake association. Prioritize tlle recoEmendations
according to your asSociation'B goals. Thcn, coniact thc VI,AP coordinator to
di6cu$ how to effcctivcly impterDent an action plan.

,t-2
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Data Interpretation:
Graphs and Tables

Dlcrllr Average. To
calculatc thc mcar, the
rcading or con.cntlation
for a particuld p@eter
on each sampling cv€nt is
added tog.ther, which
resuirs in a total for the
season. The scason total
is then divided by th€
numbcr of s@pling cvcnts
durina the season, vhich
.esults in an alcraae
codcentation or rcadinA

Stanal.rd .lGvt.tlonr A
statistic measurinS ttre
sp.cad of the data eround

R.!ge: Dif.rcDcc bctw.en
the high dd low valu.s.

Vadattolr tlle cxtent to
which ot ldgc in which

Rcgrc..ton Lh.: A
statrsdcal tool uscd to
pledict tretrds i! data.

There are two types of graphs in the Biennial Report (Appendix A) and
the Interim Report (Figures 1 through 3), a line graph a4d bar gaph,
which present deep spot chlorophyl-a, transparcncy, and phosphorus
data. Each graph conveys much more information to the reader tllan a
table or verbal description could, so it is important that the reader is able
to interpret these graphs.

Lltte Gliaph
The line graph summarizes sampling results for the years you! g'oup has
collected data, as shown in the example below. The graph shows the
Eean for a given year as an up-turned or down-tumed triangle. The
triangle points in the direction of more desinble values. For exa.rnple,
chlorophyll-a and total phosphorus have downward triangles, indicating
lower values are better, while transparency has upward triangles,
signifying higher values are more desirable.

A measure of tlle sprcad of the data around the mean, or stardard
devlatlon, is shown as the vertical lines extending up and down from the
mean. Standard deviation is similar to range except standard deviation
is a more exact measure of vafiation. In this case, the lines indicating
standard deviation on your graphs illustate the amount of vadatloa in
the results for a particular test for all the times you sampled in that year.
For example, if all the chlorophyll results were simila.r each time you
aampled this year, then the amount of deviation from the average would
be small. If there was a wide range ol chlorophyll concentrations in the
lake, then the deviation would be large

Annual trends data can be discerned by looking at the regrcssion lite
and noting its direction and degree of slant, If the line is slanted
downward (like this a\'), it indicates an improving trend in chlorophyll-a
and total phosphorus, but a wolsening trend in tnnsparency. If the line
is slanted upward (like this "/"), it depicts a worsening tend in
chlorophylL-a and phosphorua, but an improving kend in transparency.
The steeper the slope of the regression line, the sbonger the trend. A
horizontal regression line indicates the pa.rameter is stable, neither
i&proving nor worsening over time.

Line Oraph Dcpictina H*torical Data

II-3



GRAPHS AND TABLES
2009

Ltlc.r Rcgr..lon: Thc
proccss of finding a
straight liDe that best
ap!.oxi.dates a set of

Outu.r: A valu. fd fiom
Dost oth.rs in a set of

SL.r:A m.asumcnt of
consistcncy, or mo.e
prccisely, th. lack of

M!ill.!: A value in d
o.de!.d sct of valucs
below 6!d abovc wbich
thcrc is an cqual numbe!
or var,r.s (i.c.i the 50%
p.rc.ntile). Mcdians arc
not allcctcd by oudier

M..!: The average of a
set of valu.s. Meds cm
bc allected by oudic. data-

{cw Eamprhlr. M.rU.a:
A d.sc.iptivc statistic for
data coUect.d from a[ of
Ore approximately 800
lak.s in thc stat€ through
thc Ncw Hdpshir€ t ke
Ass€$Ecnt Progre,

I{.r E.nprhtr. M..n: A
descriptiec statistic for
data coUected froln aI of
tbe approliiatcly 800
Ial<cs in the statc for t}!e
Ncw Ha.mpshirc La]<e
Ass€ssEcnt Protrd.

AtEll.i M.iltrn: Usilg
New Hupshirc kkc
Asses3m€nt Progrd
data, Ncw Hdpshilc
la.kes have been classilicd
ilto t€n cat.Sorier based
olr lak€ maxi.rourn depth
and lal<e volusrc. Medie
valu.s for particula
patadctcrs have bes
detedined for each of thc

Do not draw absolute conclusions fiom annual data if the lake was only
sampled once a year as it is difflcult to determine lepresentative trends
with such a lilnited amount of data. Also, if the line graph shows a
'parameter wo6ening, review the data provided in Appendix A (Inte.im
Report) or Appendix B (Biennial Report). Lok for sampling events with
one extremely high or low sampling result which could be conside.ed an
ouUiet. Outliers can skow the trend line. You need many yeais of data
trefore tlends become apparent, and ten years before they are considered
statistically significant. After your lake has been monitored through
VLAP for at least l0 consecutive years, we will analyze the deep spot data
using llneer regresslo[ analysis to determifle if there has been an
incrcase or decrease of the annual mean for chlorophylla, trahsparency,
and total phosphorus since monitoring began.

The last element in the line graph are two referenc€ lines. One
reference line represents the !{ew Hampshlre Medlan for that particular
pararneter. The data from your lake can be coftpared to the New
Hampshlre Medlan to understand how the quality ofyou. lake compares
to the dedian value for all lakes in the state as a whole. The second
reference line represents the Stm|lar trfiedla! for that particular
parameter. Using the Slmllar MadtaD, the data for your lake ca.rl be
compared to median values for lakes that are similar, based on lake
volume and maximum depth. This simple classification scheme can be
useful in bettei characterizing the quality of your lake.

Bar Graph
The second type of graph is the bar $aph. It represents the current
yea.r's monthly data for a given palameter, When more than one
sampling event occurred in a month, the plotted value will represent an
average result for that month. Consult Table 14 for individual sampling
event results. The ba! giaph emphasizes individual va.lues for
comparison rather than overall trcnds and allows for easy data
colEparisons within one sampling season.

Bd Craph D€picting Monthly Data
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Tables
Tables iu Appenix A in the Interio Report sulraarize data collected
during the 2009 sampling season. Tables in Appendix B in the Biennial
Report summarize data colected during 2009 and pledous years. The
Biennial Report plovides tJ|e maximud, dinimuE, and mean values for
each station by sampllng year for most tcsts, where applicable.

Lake Maps
A betLydctrlo ![.p in Appcndix B (lnteriD Report) 6nd Appendix C
(Biennial Rcport) depicto the depth contours ofyour lake. A station Bap
in Appendix B (brterim Rcport) ard Appcndix C fBiermiaf Report) depicts
thc namc and location of thc tributary ard deqr spot samples collected
froa your lakc. If stations arc mi€sing, plcasc Dake corrcctiona and
Bend thc map to thc VLAP Coordinator,
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Monitoring Parameters
Data Interpretation:

Microscopic altae d.ifting

Pbotoryathorl!: P.oduc
ing ca$ohydlates for food
vith tie aid of sunlight,

Food cb.t!: Afdgeoent

coEmuDity accordin8 to
lhe o.dc. of pr€dation,

Zooplaaktolr Micioscopi€
anina.ls drift ing through

Oxytcn.t.d: tlolding
oxygcn in sotution.

Chlorolhyll-a: A gr.cn
pjgment found in algae.

Ougottopbtcr lrw biolog-

Eutlophtc: Higb biological
production; nut jent .ich,

!d.dt!!: A value in an
ord..€d set of values
below ed abole wbich
tber€ is m equsl lumber
of varues {i.e.; the 50th
perceDtile). Medknsare
not efect.d by oudicr

Ucan: The avelage of a
set of values- Meds c6
be aff€ded by oudier data
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Biological Parameters

AJgal Abundance
Algae, also rcferred to as phlrtoptaDt<to!, are photosynthetic plants that
contain chlorophyll but do oot have true roots, stems, or leaves. They do,
however, grow in many forms such as aggregates of cells (colonies), in
strands (frlaments), or as micrcscopic single cells. They may also be
found grcwing on objects, such as rocks or vascular plants, on the lake
tottom or free-floating in the water column.

Regardless of their form, these primitive plants car:ry out photosyltheslg
and accomplish two very important roles in the process. First, they
convert nonliving compounds into organic, meaning living, matter.
These tiny plants form the base ofa lake food chaln. Microscopic
snimals, formally releffed to as zooFlaEkton, graze upon algae like cows
graze on gmss in a field. Fish also feed on algae. Second, the water is
oxygenated, aiding the chemical balance and biological health of the lake
system.

Algae require light, nutrients, and certain tempe.aturcs to thrive. All of
these factors are constantly changing in a lake on a daily, seasonal, and
yearly basis. Therefore, algae populations and the abundance of
individual algal species naturally change in composition and distribution
with changes in weather or lake quality.

VLAP uses tlle measure of chlorophyll-a as an indicator of the algal
abundance, Because algae are plants and contain the green pigment
chlorophyll, the concentration of chlorophyll measured in the water gives
an estimation of the algal concentration. If the chlorophylla
concentration increases, this irldicates an increase in the algal
population. Cenerally, a chlorophyll-a concentration ofless than 5 mg/m3
typically indicates water quality conditions ttrat are representative of
ollgotrophlc lakes, while a chlorophyll-a concentration greater than 15
mg/m3 indicates sutrophlc lskes. A chlorophyll concentration greater
than 10 mg/m3 generally indicates an undesirable reproduction of algae,
is occuring.

The Eeilla! chlorophyll concentration for New Hampshire lak* is 4.58
mglra3 and the rneaD is 7.16 Eg/rr'3. The Interim Report provides
cutent yea.r chlorophyll data in Figure 1 and Table 14 in Appendix A. The
Biennial Report provides current yeai and historic€l chlorophyll data in
Figure 1 in Appendiy A; and the minimum, maxiBum and mean values
for the lal<e/pond in Table 1 in Appendix B,

Category ChtorophyU-a (rng/E3l
Crood

Morc than desirable
Nuisance amounts
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Pl.nhon nct: Fine
mesh net used to collcct
microscopic plants @d
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microorgadqs that
photosyntlesize dd
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orgmisbs, including
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Phlrtoplankon aud CJranobacteda
The type of phytoplankton (algae) and/or cyanobacteria present in a lake
can be used as an indicator of general lake quality. The most direct way to
obtain this information is to collect a plankton sample at the deep spot using
a plarLton det, count the quantity of phytoplankton and cyanobacteria
contained in the sample, and idedtify the genera prcsent in the sample
using a microscope. An abundance of cyanobecteda (blue-gieen algae),
such as Anabaeno, Apranizornenon, Oscillatoia, or Microcysfts may
indicate an excessive phosphorus concentration or that the lake ecolos/ is
out of balance. On the other hand, diatoms such as .Astenbnell4 Slnedru,
aftd Tabellaia or golden-brown algae such as Dnobryon or
Chrysosphnerella, are typical phytoplankton found in New Hampshire's less
productive lakes. In shallow wafm waters with minimal wave action such as
a cove, filamentous grcen algae may grow and form what looks like a mass
^f 

drea^ 
^-*^n -,n.lv

Phytoplankton populations undergo a natural Euccessloa during the growing
s€ason. Many factors influence this succession: amount of sunlight,
availability of nutrients, temperature of the water, and the amount of
zooplar*ton grazing. As shown in the diagram on the next page, it is
natural for diatoms to be the dominant phytoplankton in the spring and
then green algae in the eo y summer, while cyanobacteria may dominate in
mid to late summer. The phytoplankton samples collected will show
diflerent dominant species, depending on when the samples were collected.
Phytoplankton are identified in the Obserations and Recommendations
section of the Interim Report and Table 2 in Appendix B of the Biennial
Report. Phltoplankton groups and species are listed below.

Phytoplanttor Grcrps ard G€nera CoDmor to
Ncw HaDp8hlre Lake. snd Poads

cr€en8 (Cblorophytal
Acri'lashlm Eudorina Pandortu
Atlhtodesm]s Kircl&eielkr. Pediast'um
DLlAosplaerium Midadinium s.enedes'r,'1s
ElakotDthrix l4ougeotia ,SphaerocUstrs

spwoggrc

Stageoclonium
Uoulrit

sUnedm
Tobellariacudoteua

C>rattum

Diato|as {BactllarlophytalMelosift Rhimsolenia
Fragildria Suri'eq.!

Dinoflirg€llate3 lPyrtoplryta,
GAnrndi^ium

Cyarobecterla (Cyarcphytal
Atdnala Chroor.cclls cloe'xttichnt Mrlrrocgstls
Aphaninnenon Coelosphterium Lwgbga Oscilllttoia

OoldeD-Browtr8 lchtysoDhytal
ChrysospltaercUa MollomDnas SVtId Uroglenopsis
DirlobrUon
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A Typlcal Seaso[al Successlon of Lake Algae

I
I

Oct Nov D€c

Cy.nob.ct.th:Bact.nal
drcroorasisms thar
photosyntllesi2c dd
may produce chcmicals

orgarisds, including

stage ceU p.oduced by

conditions, such as

Cyanobacterla
Cyanobacterla are bacterial microorganisms that photosynthesize.
Cyanobacteria may accumulate to form surface water scums. They produce
a blue-green pigment but may impart a green, blue, or pink color to the
water. Cyanobacteria are some of the eailiest inhabitants of our waters,
and tlley are naturally occurring in New Hampshire lakes. They are part of
the aquatic food web and can be eaten by various grazers in the lake ecosys-
tem, such as zooplankton and mussels. Research indicates that cell abun-
dance increases as the in-lake phosphorus levels increase.

Although they are most often seen when floating near the lake surface,
many cyanobacteria spend a portion of their life cycle on the lake bottom
during the winter months as aklnetes. As spring provides more light and
wafiner temp€ratures, cyanobacteria move up tl:e water column and even-
tually rise toward the surface wh€re they can form d€nse scums, often seeD
in mid to late summer and, weather permitting, sometimes well into the
fall.

Some cyanobacteria produce toxins that adversely allect livestock, domestic
animals, and humans. According to the World Health Organization WHO),
toxic cyanobacteria aIe found worldwide in both inland and coastal wateE.
The lirst reports of toxic cyanobacteria in New Hampshire occurred in the
1960s and 1970s. During the summer of 1999, several dogs died after in-
gesting toxic cyanobacteria from Lake Champlain in Vermont. The WHO has
documented acute impacts to humans from cyanobacteria from the U.S. and
a.round the wodd as far back as 1931. While most human health impacts
have resulted ftom ingestion of contaminated drinking water, cases of
illnesses have also been attributed to swimmins in waters infested vrith
cvanobacteria.

!,Iar. A?I \,tqy, _J_u! .J-u!_ _4ns sSp
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N.u.otoxh: Ncnc toxins,

S.potoxlr!: Liver toxins.

DcrEltorht: Toxins that
cause skin iFitations.

2009

The possible effects of cyanobacteria on the 'health" of New Hampshire
lakes and their natural inhabitants, such as flsh and other aquatic life,
are under study at this time. The Center for Freshwater Biolo$/ (CFBI at
the Udve6ity of New Harnpshire (UNH) is currently etamining the
potential impacts of these toxins upon the lake food web. The potentiat
human health hazards via exposure thrcugh drinking water and/or
during recrcational water activities are also a concem to toxicoloeists
thloughout the world.

Cyanobacteria occur in all lakes, everywhere. There are many types of
cyanobacteria in New Hampshire lakes. Most cyanobacteria do not have
the ability to produce toxins. In New Hampshirc, there are several com-
mon cyanobacteria that include: Gl€olnchid, Meismopedid, Anabaena,
Oscillatoia, Coelo sphorium, Lgngba a\d Microcastr's. Anabdena and
Aphanizomeno ptoduce Deurotoxlas that intedere with the nerve func-
tion and have almost immediate effects when ingested. Microcvsfis and
Oscillafona are best known for producing hepatotoxlns known as
microcystins. Osc laforid a\d Lyngbgaproduce d€rDratotoxlns which
cause skin rashes,

Both DES and UNH have extensive lake monitoring prograrns. cenerally,
the water quality of New Hainpshire's lakes is very good. However, DES
strcngly advises against using la-ke water for colsumption, since neither
in-home water treatment systems nor boiling tie water will eliminate
cyanobacteria toxins if they are present.

Ifyou observe a well-established potential cyanobacteria bloom or scum in
the water, please adhere to the followingl

. Do not wade or swim in the waterl

. Do not drink the wate! or let children drink the water!

. Do not let pets or livestock into the waterl

Exposure to toxic cyanobacteria scums may cause vadous slanptoms,
including oausea, vomiting, diar'rhea, mild fever, skin rashes, eye and
nose iritations, and general malaise. If anyone comes in contact with a
cyanobacteria scum, they should rinse off witi fiesh water as soon as
possible.

Ifyou obsorve a Cyanobacteda scuto, please call tbe cyaaobacterla
hotline at 419-9229. DES will sample the scum and determine if it
contains cyanobacteria that ale associated with toxic production. An
advisory will be posted on the immediate shoreline indicating that the
area may not be suitable for swimming. DES will issue a press release
and will notify the town health oflicer, beach rbanager, and/or property
owner, and the New Halnpshire Depaitment of Health and Human Ser-
vices. DES will continue to dronitor the water and will noti4, the appropri-
ate paities rcgarding the results of the testing. When monitoring indi-
cates that cyanobacteria are no lo[ger present at levels that could ha.rfn
humans or animals, the advisory will be removed. 
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Vl.F.co!.r A wbit.
plastic PVC pipc wittr a
clcd plcngbs €nd.

Secchl Dlsk Transparency
The Secchi Disk is a tO centimeter disk with alternating black and white
quadrants, It has been used since the mid-1800s to measure the
transparency of water. The Secchi Disk is named after the ltalian
professor P,A, Secchi whose early studies established the experimental
procedures for using the disk. Transparency, a measure of the water
clarity, is afiected by the amount of algae, color, and particulate matter
within a lake. In addition, the transparency reading may be affected by
wave action, sunlight, and the eyesight of the volunteer monitor.
Therefore, it is recommend that two or three monitors take a Secchi Disk
reading, and then average all the measurements.

DES recoflmends that all volunteer groups collect transpatency leadings
with and without the use of a vlerrscope. A comparison of ti-re
transparency readings taken q'ith and without the use of a viewscope
indicates that the use of a viewscope rypicauy increases the depth to
which the Secchi Disk can been seen, panicularly on sunny and windy
days. The use of the viewscope results in less variability in transparency
readings between monitorc and between sampling events.

In general, a transparency greater than 4.5 meters indicates olieotroDhic
conditions, while a transparency of less rhan 2 meters is indicatlive oi
eutrophic conditions.

The medla'l transparency for New Hampshire lakes is 3.2 meteB and
the dean transparency is 3.7 moters. Figure 2 in the Interim Report
Observations and Recommendations section and in ADDeDdix A of the
Biennial Report presents cuffent year and historical iiansparency values
with and without the use of the viewscope. Table 14 in Appendix A of the
Interim Report presents current ye.u transparency data. Table 3a and 3b
in Appendix B of the Biennial Report shows the minimum, maximum, and
rnean tmnsparency values without and ivith the use of a viewscooe.
respectively, for all yeals of participation.

qtatet Clarity (Ttaa.parercyl Ranges
for Lakea ar t Ponds

Category Water Clarity (mJ
Poor <2
C,ood 24.5
Exceptional >4.5

Correlations tretween transparency and chlorophyll-a are an important
indicator of lale quality, If the deep spot chlorophyll-a increased and the
Secchi Disk transparency decreased, increased algae populations are
likely alTecting the water clarity. If the chlorophyll-a has not increased,
but the tanspa-rency has decreased, the reduced tlanspa.rency could be
attributed to increased tulbtdtty caused by stream inputs, motorboat
actieity, shoreline construction, or disturbances of bottom sediments.

M.dlrn: A valu€ in an
ord.red set of valu€s
below and abov. which
tn.r. is an cqus.l nuDbc.
of values (i.e.; the 50th
percentilc). Mediais are
not allectcd by outlicr

M.aa: The averasc of a
set of va]u.s. Mces ce
bc allcctcd by ou0ier data.

Turbliltty: The aiiount of
suspended pdticles in
water, such as clay. silt,
dd arga€ thai cause light

absorbcd, not tlmsmittted
i! straight lines thoush
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Chemical ParaEetera

pH
pH is measured on a
logarithmic scale of 0
to 14. The lower the
pH the more acidic the
solution, due to higher
concentrations of
hydrogen ions. Acid
rain typically has a pH
ot J,5 to 5.5 due to
pollutants added fom
the air. In contrast,
the medlan pH fo! New
Hampshire lakes is 6.6.

ECS.s3le

,os./oo o- d.../";"..#

M.dl.!: A va.luc in u
ordercd set of vslucs
bcloe .!d above whicb

numbc! of values (i.e.;
the 50th p.rccntil€J.

afiected by oudi6 data.

Th.rE.Uy shetln6d:

tedpcraturc difcrcnccs.
During thc summcr,

water tu B?ica.Uy found

bottom, while waider,
l.ss dense watcr is
found closcr to the lak€

organisms that br€ak

Lake pH is important to the suffival and reproduction offish and other
aquatic life. A pH below 5.0 severely limits the growth arld reproduction of
fish. A pH between 6.0 and 7.0 is ideal

Many lakes exhibit lower pH values in the deeper waters than nearer the
surface. This effect is greatest in the bottom waters of a thcrbally
stratmed lake. Decomposition carried out by tacterla in the lake bottom
causes the pH to drop, while photosynthesis by phytoplankton in the upper
layers causes the pH to increase. Tannic and humic acids released into the
water by decaying plants can create more acidic waters particularly in areas
influenced by wetlands. After the spring-time snow melt o! a signilicant
rain event, suriace waters may have a lower pH than deeper waters and
may take several weeks to recover, since snowmelt and rainfa.U tt?cialy
have pH values of 5 or lower.

Table 14 in Appendix A of the Interim Report povides cunent year pH data
for the in-lake and tdbutary stations. Table 4 in Appendix B of tlle Bienniat
Report presents the in-lake and tributary tme rneqn pH data for each year
the lake has been sampled,

pH Range8 for New HaDpshlte Lakes atrd Ponda

Categorv DH (unitsl
Critical (toxic to bost fish)
Enda.ngered {(oxjc ro some aquatic orsei@s)
Satisfactory

<5
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M.dl.n: A valuc in d
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b€low md above which
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Acid Neutrallzlng Capaclty
Buffering capacity or acid 4eutraliing capacity (ANC) describes the ability
of the lake to resist changes in pH by neutralizing the acidic input to the
lake. The higher the ANC the greater the ability of water to neutra.lize
acids. This concept can be comparcd to a person taking an antacid to
neutralizE stomach acid indigestion. Inw ANC lakes aie not well-
buffered. These lakes are often adversely affected by acidic inputs.

Historically, New Hampshire has had natumlly low ANC waters because of
the prevalence of gmnite bedrcck. Glanite contains only a small amount
of buffering elements such as calcium. The medlan ANC for New
Hampshire leles is 4,9 6gll, while the meaa ANC is 6,6 ag/L. This
.elatively low value makes these surface waters !,ulnerable to the effects
ofacid precipitation. Table 14 in Appendix A ofthe Interim Report
presents the current year epilimnetic ANC data. Table 5 in ADDendix B of
the Bierinial Reporr presenrs the mean epilimnetic ANC for;h year the
lake has been sampled.

Acld NeutrelLlng CapaclEf Ralges fo! Nelr ltabpshtre
Lakea and Po[ds

Extremelyvulnerable O-2
Moderately Vulnerable 2.1-1O
f,owVulnerubility 10.1-25
Not Vulnerable >25

Con ductlvlty
ConductMty is the numerical expression of the abitity of water to car4/
an electrical current. It is determined prima.rily by the number of loolc
paatlcles present. The soft waters of New Hampshire have traditionallv
had low conductivity values. generally less than SO uMhos/cm. Howev;r,
specific categories ofgood and bad levels carnot be constfucted for
conductivity because variations in watershed geolory can result in
uatural fluctuations in conductivity. cenelally, values in New Hampshire
lakes exceeding 100 uMhos/cm indicate cultural, meaning human,
disturbances. An increasing conductivity trend tJ.pically indicates potnt
aource and/or norl-polnt sourcc. of pollution a-re occurilrg within the
waterched.

The Bedlan conductivity for New Hampshire lakes is 4O.O ulthos/cE
while the mean conductMty is 59.4 uMhos/cm. Table 14 in Appendix A
oi the Interim Report prese[ts the current year in-la]e and tlibutar-y
conductivity data. Table 6 in Appendk B of the Biennial Report presents
mean coflductivity values fo! in-lake and tributafy data for each yeai the
lake has been sampled.

lonlc paitlclcl.): An atod
o! gfouP of atoEs carryiDg
m electricst ch6s€.
Tpicaly, salk, binc.als,

Polluttoa: PoUution
onginatiDE from a ditruse
erea (not a single point) in
the watcrshed, often
entcliDE thc watc! body
via surface runoll or

Potnt .ourcc po[udonl
Pollution often iesulting
froa dischdges iDto watct
flom iddtitrablc sourc.s
(poitrts), such as hdustriar
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Lak agbg: NauEal
process by which a lake

W.tcBhcd: The lud
padiculd body of water.

Eutropblc.tto!: k*c
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nutrient input and
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det.nines tlte rat. of
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biologicar productioD,
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th€mally stlatilicd

IlyEolt&alo!! Th€
deep, cold, rclatively
undistulbed botrom
waters of a tbema.lly
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Phosphorus
Like all of us, lakes age over time. LaLe aglng is the natural process by
which a lake lills-in over thousands of years. Lakes fill-in with erosional
materials carried ill by tributaiy streams, *'ith materials deposited directly
through the air, and with materials produced in the lake itseli From the
time a lake is created, the aging proc6s begins. Although many New
Hampshile lakes have the same chrcnological age, they fill-in at difTercnt
rates due to differences in lake depth and sze and individua_l satershed
charactedstics. EutropblcatloD is the term used to describe lake aging
that is accelerated by the process of increased nutrient input to a lake.

Lakes can age more quickly than they would naturally due to human
impacts, a process called crdtunl eutrophlcatloB. This accelerated aging
rcsults from watershed activities that increase nutrient loading and/or the
deposition of other debris, such as fertilizing lawns, converting forest or
pasture to cropland, and creating new impelwious areas such as rooftops,
parking lots, and ddveways. Studi€s in New Hampshire have shown that
phosphorus exports from agricultu.al lands is at least five times greater
than from forested lands, and in urban ateas mav be more than lO times
greater than from forested lands.

The key nutrient in the eutmphication process is phosphorus. Phosphorus
is the ltnlttng nutrtent in New Hampshire lakes; the greater the
phosphorus concentration in a lake, the greater the blologlcal proaluctlon.
Phosphorus sources within a lake's watershed include septic system
effluent, animal waste, lawn fertilizer, eroding roadways and construction
sites, natural wetlands, and atmospheric deposition. Reducing the arnount
of phosphorus in a liake will typically result in reduced 6lgal concenkations.

A deep spot epilimnetic (upper layer) phosphorus concentration of less than
l0 ug/L typicauy indicates ollgotropblc conditions, while an epilimnetic
concentration greater than 20 ug/L is indicative of eutropbic conditions.
The medlan phosphorus concentration in the eplllmnlol layer of New
Hampshire lal<es is 12 ug/L. The rnedia! phosphorus concentration in the
hypollDuion is 14 ug/L, Figure 3 in the Interim Report Observations and
Recommendations section and Figure 3 irl Appendix A of the Biendial Report
depicts the epilimnetic a$d h,,poli6netic total phosphorus values for all
samptng years. Table 14 in Appendix A of the Interim Report prcsents
cunent year in-lake and tributa-ry total phosphorus data. Table 8 in
Appendix B of the Biennial Report presents mean total phosphorus data for
in-Lake and tributary stqtions for each year the lake has been saqrpled.

Ep funnetlc Total Phosphorus Ranges for New HaDlpshile Lakes

_ Category TP (ug/Ll
<10

11-20
More than desirable 2!-4O

IdeaI
Average

Excessive >40
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Tot.l Klcld.hrt laltrot.!
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Nltrogen
Nitrogen is another nutrient that is essential for the gro*4h of plants and
algae. Nitrcgen is typically the limiting nutrient in estuaries and coastal
ecosystems and is seldom the limiting nutrient in New Hampshire fresh_
waters. Therefore, nitrogen is not typically sampled through VL.AP. How-
ever, if phosphorus concentrations iri freshwater are elevated, then
nitrogen loading may stimutate additional plant and algal growth. Various
forms of organic and inorganic nitrogen can be sampled, inlcuding Total
Kjeldohsl Nltrogen, llltdte and dtrat€. Total nitrogen is the sum of
nitrite, nitrate and total Xjeldahl nihogen forms. The ratio of total
nitrogen to total phosphorus (TN:TP) is used to determine which nutrient
determines the amount of algae growth, meaning which nutrient is
limiting, when other factors such as light and temperature are su{ficient
for growth. A value less than 15 indicates nitrogen is limiting while a
value greater than 15 suggests phosphorus is limiting. Table l4A in
App€ndi.< A (Interim Report) lists current year nitrogen data. Table 7a and
7b in Appendix B (Biennial Repo.t) lists the nitrogen sampting data ifyour
lake has been sampled for this parameter.

Dlssolved Or<ygen and Temperature
The presence of dissolved oxygen is vital to bottom-dwelling organisms as
well as frsh and amphibians. If the concentration of dissolved oxygen is
low, typically less than 5 mg/L, species intolerant, meaning sensitive, to
this situation, such as kout, will be forced to move up closer to the
surface where there is more dissolved olygen but the water column is
generally warm€r, and the species may not survive.

Temperature is also a factor in the dissolved o>aygen concentration.
Wat€r can hold more oxyget at colder temperatures than at waimer
temperatures. Therefole, a lake will t$ically have a higher
concentration of dissolved or{ygen during the winter, spring, and fall than
during the sufimer.

At least once during each summer, a DES biologist measures the
dissolved oxygen and telnperature at set intervals from the bottom of the
lal<e to the surface, These measurements allow us to determine the
extent of thernel stntlllcatlon as well as the lake oxyged content.
Many of the more productive lakes experience a decrease in dissolved
oxygen in the deeper waters as summer progresses. Bacteria in the lake
sediments decompose the dead organic matter that settles out of the
water column. Decomposition results in oxygen depleted bottom waters.
More productive liakes tend to have organic- ch sedirlrents leading to
greater decomposition and potentially creating a seveie dissolved oxygen
delicit ofless than t ppm. Low orygen conditions can then trigger
phosphorus that is normally bound to the sedhrent to be released back
into the water column, a process called lntenlel phosphorus loading.
Once lake mixing occurs, bottom water phosphorus can enter the upper
waters and stimulate additional algat growth,

Ihcrnrl .tritlncatlon:

pp6r Parts per Eiuioni

lnteh.l p!o.ptoru!
badrlg: Addition of

hwolimion aod the la.le

chemical change initiated
by low oiyge. conditions.
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The dissolved oxygen percent saturation shows the percentage of oxygen
that is dissolved in the water at a particular temperature and depth.
t?ically, during the summer, the deeper the reading, the lower the
percent satuiation due to decomposition occuring at the lal(e bottom. A
high reading at or slightly qbove the thermocllae dray be due to a layer of
algae, producing oxygen during photosynthesis. Colder waters are also
able to hold morc dissolved oxygen than warmer waters, and, generally,
the deeper the water, the colder the temperature. As a result, a reading
of 9 mg/L of oxygen at the warm lake surface will leld a hieher percent
saturation than a reading of 9 mg/L of oKygen at 25 meters where the
water is much cooler. Table 9 tn Appeadlx A (IrtettE Reportl ard
Appendlx B (Bleadal Report) shows the dbsolveal oxyge!/teEpertur€
prolllo dat& fot the curretrt saEpung yeat, aad Table fO (Bierdal
Report)_shows hfutorlcal hypollmletlc dlssolv€d o:(ygetr readlngs.
Chlorlde
The chloride ion (Ct) is found naturally in some surface waters arld
groundwaters and in high concentrations in seawater. Higher-than-
normal chloride concentrations in fresh water, typicaly sodium chloride,
that is used on foods and present in body wastes, can indicate sewage
pollution. The use of highway deicing salts can also introduce chlorides to
surface water or groundwater,

Although chloride can originate from natural sources, mosr of the chloride
that enters the envircnme[t in New Hampshire is associated with the
storage and application ofroad salt. Road salt, which is most often sodium
chloride, readily dissolves and enters aquatic environments in loric
forms. As such, chloride-contaiding compounds commonly enter surface
water, soil, and ground water dudng late-spring snowmelt since the
ground is frozen during much of the late winter and early spriDg.

Chloride ions aie conservative, which mea'rrs that they a.e not degraded
in the envtonment and tend to remain in solution, once dissolved.
Chloride ions that enter gr:ound water can ultimately be expected to reach
sudace water and, thereforc, inJluence aquatic environments ;nd hu-
mans.

Research has shown that elevated chloride levels can be toxic to freshwa-
ter aquatic life. Among the species tested, freshwater aquatic plants and
invertebrates tend to b€ the most sensitive to chloride. In order to protect
freshwater aquatic life in New Hampshire, the state has adopted acute
and cbrordc chloride vi'ater quality standards of 860 and 23O mg/L, re-
spectively, for surface watels.

The chloride content in New Hampshire lakes is flaturally low {tledlan =
4 Dg/Ll in surface waters located tr remote areas away from habitation,
Higher values are geoerally associated with salted highways and, to a
lesser extent, with septic inputs. Table 13 In Apperldlx A (Iatertm
Reportl ad Appendix B lBietrrlal Report) lists the chloride data ifyour

loalc: Existjng as oi
chdactcriz.d by ions.

Acuto torlclty: An
adverse efect such as
Bortaliry or delilitation
caused by d exposure of
96 hours or lcss to a toxic
substscc (i.c: sbort period

Cblontc toatcltf An
adverse er€ct such as
leduced reproductive
success or Srowth, or Poor
sunival of scDsitive lifc
stages, which occurs as a

subst&ce (i.e; long period

lake has been sampled for this parameter. II-15
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Othet ParaEeters

Turbtdtty
Turbidity in water is caused by suspended matter, such as clay, silt, and
algae that cause light to be scattercd aJrd absorbed, not tmnsmittted in
staight lines through the water. Secchi Disk transparency, and
thercfore water clarity, is strongly influenced by turbidity. High turbidity
readings are often found in water adjacent to construction sites; during
rain events unstable soil erodes and causes turbid water do\r.rrstream.
Also, improper sampling techniques, such as hitting the bottom of the
lake with the Kemmerer bottle or stirring up the skearrr bottom when
collecting tributaiJr samples, may also cause high turbidity rcadings. The
New Hampshire modlan for lake turbidity is 1.O NTU, Table 14 in
Appendix A (Interim Report) presents current year turbidity data. Tabte
11 in Appendix B (Biennial Report) lists turbidity data for all sampling

Statfutlcal Sum'rary of Tuibldtty Values
for New llamp8hlre Lates atrd PoEds

Category Value (NTU)
Minimum <O.1

Maximum 22.O
Median 1.0

Bacterla
Surface waters contain a variety of microorganisms including bacteria,
fungi, protozoa, and algae. Most of these occur naturally aDd have little or
no impact on human health. Health risks associated with water contact
occur generally when there is contamination fiom human sources or
other warm blooded animals, Contamination adses most commonly from
sources of fecal waste such as failing or poorly designed septic systems,
lealg/ sewage pipes, nonpoint source runoff from wildlile habitat aleas, or
inputs fiom wasterrater &eatment plant outflows within a watershed.
Swim beaches with hea\,y use, shallow swim areas, and/or poor water
circulation also have commonly reported bacteria problerns. Therefore,
water used fo! swimming should be rnonitored for indicators of possible
fecal contamination. Contamination is typically shortlived since most
bacteria cannot survive loig in surface waters as their natural
elwironment is the gut of warm blooded animals. A recent study has
shown that A cori can live fairly long periods of time in the sediments.
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Specifrc t)pes of bacteria, called indicator organisms, aae the basis of
bacteriological monitoring, because their presence indicates that sources
of fecal contamination exist. Iodicators estimate the preselce arld
quantity of thin$ that cannot be Eeaured easily by themselves. We

prttogo!!: Di$ase- measure these sewage or fecal indicators rather than the pathogelt
causing orAanisms. themselves to estimate gewage or fecal contamination and, therefore, the

possible risk of disease associated qrith using the water.

New Hampshire closely follows the bacteria standards recommended by
the U.S, Envlonmental Protection Agency (EPA). Folowing a 1988 EpA
report recommending the use of Escharictu@ coli (E cott as a standar.d for
public water supplies gnd human contact, DES lolowed suit by adopting
E coti as the indicator organism, The standards for Class B waters
speciry that no more tha! 406 E colicounts/10O ItrL, or a geometric
mean based on at least three sa&ples obtained over a 60 day Friod, be
geater tha! 126 E coli counts/ 100 mL, Designated public beach ar€as
and other Class A waters, have more stringent standards: 88 E coli
counts/ 100 mL in any one sample, or a geometric mean of thlee ssmples
over 60 days of47 D. colicounts/100 mL. Table 14 in Appendix A (Inte.i&
Report) presents cuFent year E cori data. Table 12 in Ap!'endix B
(Biennial Report) presents curent year and historicel E coli results lor
each station samDled.
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EXECUTIVE SUMMARY

Thank you for your continued hard work sampling Clough Pond this yeai!
Your monitoring group sa.rnpled the deep spot three times ttds yeat arld has
done so for many years. As you know, conducting multiple sanpling events
each year enables DES to more accurately detect water quality changes. Keep
up ttre great work!

Please remember that one ofyour most importaJtt responsibilities as a volunteer
monitor is to educate your association, community, aid to\rn officials about the
quality ofyour pond arrd what can be done to protect it! DES biologists may be
able to assist you in educating your association members by attending your
annual lake association meeting.

We encourage your monitoring group to forma-lly participate in tie DES Weed
Watchers program, a volunteer program dedicated to monitodng lakes a-nd
ponds for the presence of exotic aquatic plants. This progran only involves a
sma.ll afiiount of time dudng the summer months. Volunteers survey their
waterbody once a month from May through September. To survey, volunteers
slowly boat, or even snorkel, ar:ound the perimeter of the waterbody aid aiy
islands it may contain. Using the mateials provided in the Weed Watcher kit,
volunteers look for any species that are suspicious. After a trip or two around
the waterbody, volunteers will have a good knowledge of its plait community
a-nd will immediately notice even the most subtle changes. Ifa suspicious plant
is found, the volunteers immediately send a specimen to DES for identification.
If the plart specimen is an exotic species, a biologist will visit the site to
determine the extent of the problem and to formulate a management plan to
control the nuisance infestation. Ea-rly detection is the key to controlling the
spread of exotic plants.

Ifyou would like to help protect your lake or pond from exotic plant
infestations, contact Amy Smagula, Exotic Species Progra-rn Coordinator, at
27I-2248 or visit the Weed Watchers website at www.des.nh.gov/organization/
divisions/water/wmb/ exoticspecies/weed watcher.htm.

trI-1
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OBSERVATIONS & RECOMMENDATIONS

DEEP SPOT

);, Chlorophyll-a

Chlorophyll-a, a pigment found in plarrts, is an indicator of a-lga-l or
cyanobacteria abundance. Algae are typically microscopic plants that are
naturally found in the lake ecosystem. The measurement of chlorophyll-a in
the water gives biologists an estimation of the alga-l concentration or lake
productivity. Table 14 in Appendix A lists the current yeal chlorophyll-a data.

Figure 1 depicts tfre historical arld current year chlorophyll-a concentration in
the water column.

The medlan summer chlorophyll-a cotrcentratlon for New Ifampshlre's
lakes and ponds ls 4.58 mg/m3.

The current year data (the top graph) sho\i' that the chlorophyll-a concentration
l'rcred.sed fro'n June to August. The August chlorophyll concentration was
12.81 mg/In3. 'Ilpically, chlorophyll concentrations above 15.00 mg/m3are
indicative of arl algal bloom.

The historical data {the bottom graph) show that the 2OO9 chlorophyll-a mean
rs gteater thd.n t})e state and similar lal<e medians. For more information on
the similar lake median, refer to Appendix D.

Overall, visual inspection of the historical data trend line (the bottom graph)
shows an incledsing inlake chlorophyll-a trend since monitoring began.
Specihcally the mearl chlorophyll concentration has urorsened silce 1989.

While a.lgae are naturally present in all waterbodies, an excessive or increasing
arnount of ary type is not welcomed. Phosphorus is the nutrient that algae
t ?ically depend upon for grol^,th in New Hampshire lakes and ponds. Algal
concentrations increase as nonpoint sources of phosphorus from the watershed
increase, or as in-la.ke phosphorus sources increase. Increased Chlorophyll-a
concentrations can a.Iso affect water claiity, causing Secchi-disk tralsparency
to decrease (worsen) and turbidity to increase (worsen).
Therefore, it is extiemely importa-nt for volunteer monitors to continually
educate all watershed residents about management practices that cai be
implemented to minimize phosphorus loading to surface waters.
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Clough Pond, Loudon
Figue l. Monthly ard Histodcal Chlorophyll-a Results
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) Phytoplaukton and Cyanobacteria

Table 1 lists the phltoplankton (a1gae) and/or cyanobacteria observed in the
pond in 2OO9. Specifically, this table lists the three most dominant
phltoplankton and/or cyanobacteria observed ald their relative dominance in
the sarnple.

Table 1. Domirant Phytoplarkton/Cyanobacteda (July 2OO9l

DtYt3torr Genua 70 Doalnalce

Chrysophyta Dinobryon

Pyrrophyta Ceratium 22. r

Chrysophyta Mallomonas 13.3

Phltoplankton populations undergo a natural succession during the growing
season. Please refer to the "Biological Monitodng Par.ameters" section ofthis
report for a more detailed explanation regarding seasonal pla-nkton succession.
Diatoms a-nd golden-brown algae populations are typical in New Harnpshire's
less productive lakes arld ponds.

A sma.ll arrount of the cyanobacterium endbdend was observed in the July
plankton sanple. Thls cVdnobd.cterld., lf present ln ldrge amounts, cd'n be
toxlc to llvestock, ulldltje, pets, dnd. humo'ns. Please refer to the "Biological
Monitodng Parafieters" section of this report for a more detailed explaration
regarding cyanobacteria.

Cyanobacteria can reach nuisance levels when phosphorus loading from the
watershed to surface waters is increased ald favorable environmental
conditions occur, such as a period of sunny, waim weather.

The presence of cyaiobacteria serves as a reminder of the pond's delicate
balar1ce. Watershed residents should coltinue to act proactively to reduce
nutrient loading to the pond by eliminating fertilizer use on lawns, keeping the
pond shoreline natural, re-vegetating cleared areas within the watershed, and
properly maintaining septic systems a.nd roads.

In addition, residents should also obsewe the pond in September a-nd October
during the time of fall turnover (lake mixing) to document any a.lgal blooms that
may occur. Cya-nobacteria have the ability to regulate their depth in the water
column by producing or releasing gas from vesicles. However, occasionally lake
mixing cai affect their buoyancy ald cause them to rise to the surface a-nd
bloom. Wind aid currents tend to "pile" cyanobacteria into scums that
accumulate in one section of the pond. If a fall bloom occurs, please collect a
sanple in any clean jar or bottle and contact the VLAP Coordinator.

IV-3
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OBSERVATIONS AND RECOMMENDATIONS IINTERIM REPORT)

> Secchi Disk Transparency

Volunteer monitors use the Secchi disk, a 20 cm disk with altemating black
and white quadrants, to measure how far a person carl see into the water.
Trarsparency, a measure of water clarity, can be affected by the arnount of
a.lgae a-nd sediment in the water, as well as the natural color ofthe water. Table
14 in Appendix A lists the current year transpa:rency data. The medlan
sutuEer transparency for New Ilampshlrets lakes and ponds ls 3.2 Eeters.

Figure 2 depicts the histodcal and cufient year trarsparency atlth d d
uittrout the use of a viewscope.

The current yea.r non-vle'.,J.scol'€ rrr-lake tra.nspaiency lncrcd.sed. sllghtlg frolrr
June to July, and then dec.edsed sllghtlg from July to August.

The viewscope inJake transparency was sllghtlg grcdter thdn the non-
viewscope transpaiency on the ituly sampling event. The tra:rlspaiency was not
measured with the viewscope on the June or August sarnpling events. A
compaJison of transparency readings taken with and without the use of a
viewscope shows that the viewscope tlpically increases the depth to which the
Secchi disk ca-n be seen into the la*e, particular.ly on sunny and windy days.
We recommend that your group measure Secchi disk transpaJency with a:rld
witiout the viewscope on each sampling event.

It is important to note that viewscope transpaJency data are not compa.red to a
New Hampshire median or similar lake median. This is because lake
transparency with the use of a viewscope has not been historically measured by
DES. In the future, the New Hanpshire a-nd similar lake medians for viewscope
transparency will be ca.lculated and added to the appropriate graphs.

The histodcal data (the bottom graph) show that the 2OO9 mearl non-viewscope
transpaiency is ,rtrtch gredter than the state and similar lake medians, aid is
the second highest mea-n transparency measured since monitoring began.
Please refer to Appendix D for more information about the similar lake median.

Visual inspection of the histodcal data trend line (the bottom graph) shows a
stable trend. Specifically, the transpalency h as rer'ldlned. relatirElg stdble
rdnglng behDeen 4,O d.rrd 5.5 ,ncters since monitoring bega-n in 1989.

t,?ically, high intensity rainfall causes sedlment-laden stormwater runofl to
flow into sudace waters, thus increasing turbidity al1d decreasing clarity.
Efforts should continually be made to stabilize stream banks, pond shorelines,
disturbed soils within the watershed, and especially dirt roads located
imnediately adjacent to the edge of tr-ibutaiies and the pond. Guides to best
management practices that can be implemented to reduce, a_nd possibly even
eliminate, nonpoint source pollutants, are available from DES upon request.
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) Total Phosphorus

Phosphorus is t,?ically the limiting nutdent for vascular plant arld algae
growth in New Harnpshiret lakes ald ponds. Excessive phosphorus in a pond
carl lead to increased plalt aid algal gro\,!th over time. Table 14 in Appendir A
lists the curent yea.r total phosphorus data for inlake a.nd tributary stations.
The median summer total phosphorus concentration in the epiliE[iol
(upper layer) of New Hampshire's lakes and ponds 1s 12 rtglL. The medlan
summer pbosphoms concentration in the hypolimnion (lower layer) ls 14
nglL.

The graphs in Figure 3 depict the histodcal amount of epilimnetic (upper layer)
and hlpolimnetic (lower layer) total phosphorus concentrations; the inset
graphs depict curent year total phosphorus data.

The curent year data for the epilimnion (the top inset graph) show that the
phosphorus concentration was 9.4 ug/L in July.

The histodcal data show that the 2OO9 epilimnetic phosphorus concentration is
sltghtlg less thd the state and similar late medians. Refer to Appendi-{ D for
more information about the simila-r lake media-n.

The curent year data for the hjapolimnion (the bottom inset graphl show that
the phosphorus concentration was 26 uglL in July.

The hlpolimnetic (lower layer) turbidity sample was eletdted on the July aad
August sarnpling events (3.56 and 3.91 NTUS). This suggests that the pond
bottom may have been disturbed by the anchor or by the Kemmerer Bottle
while sampling and/or that the pond bottom is covered by a-n easily disturbed
thick organic layer of sediment. When the pond bottom is disturbed,
phosphorus rich sediment is released into the water column. When collecting
the hlpolimnion sample, make sure that there is no sediment in the Kemmerer
Bottle before frlling the sarnple bottles.

The historical data show that the 2OO9 hwolimnetic phosphorus concentration
is much greater thdn the state and similar lake medians. Please refer to
Appendix D for more information about the similar lal<e mediai.

Overall, visual inspection of the epilimnetic histodcal data trend lire shows
reldtltElg stdble phosphorus trend. Specifically, the mear arnual epilimnetic
phosphorus concentration has remdined dpproxirnatelg the sdne since
monitoring began in 1989. However, this trend is based on limited data
collected from 1989 to present. We strongly recommend sampling the deep spot
for total phosphorus on each monitoring event during the summer.

Overall, visual inspection of the hlpolimnetic historical data trend line shows a
uoriatle phosphorus trend since monitoring bega!. Specifically the mean
annual concentration }ras JTucaadted betuteen dpprotdrn4telg 5 dnd 39 rtg&
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since @onitoring began in 1989. However, this trend is based on limited data
collected from 1989 to present. We strongly recommend sampling tl1e deep spot
for total phosphor"us on each monitoling event during the summer.

One of the most important approaches to reducing phosphorus loadirg to a
waterbody is to continually educate watershed residents about the watershed
sources of phosphorus and how excessive phosphorus loading caa negatively
afect the ecolos/ and the recreational, economical, ald ecological value of lakes
a'!d Donds.
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Clough Pond, Loudon
Figure 3, Monthly and Historical Total Phosphorus Data
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>pH
Table 14 in Appendix A presents the current yea-r pH data for the in-lake
stations.

pH is measured on a logarithmic scale of0 {acidic) to 14 (basic). pH is
importa:nt to the survival ard reproduction offish and other aquatic life. A pH
below 6.0 twically limits the gro\&th and reproduction offish. A pH between
6.0 arld 7.0 is ideal for fish. The median pH value for the epilimnion (upper
layer) in New Hampshire's lakes and ponds is 6.6, which indicates that the
state surface waters a-re slightly acidic. For a more detailed explanation
regarding pH, please refer to the "Chemical Monitoring Parameters" section of
this report.

The pH at the deep spot this yea-l. ranged from 6,62 to 6.87 in the epillmnron
and from 6.07 to 6.21 in the hypolimnion, which meais that the water rs
slightlg dcldtc.

It is important to point out that the hypolimnetic (lower layer) pH was loruer
(more (r'cldlc) t}]al] in the epilimnion (upper layer). This increase in acidity near
the bottom is likely due to the decomposition of organic matter arrd the release
of acidic by-products into the water column.

Due to the state's abundance of granite bedrock alld acid deposition received
from snowmelt, rainfall, and atmosphenc particulates, there is little that can be
feasibly done to effectively increase pond pH. The pH at the deep spot, however,
is sufficient to support aquatic life.

> Acid Neutralizing Capacity (ANC)

Table 14 in Appendi-x A presents the curent yea-r. epilimnetic ANC for the deep
spot.

Buffering capacity (ANC) describes the ability of a solution to resist changes in
pH by neutralizing the acidic input. The mediai ANC value for New
Harnpshire's lakes arld ponds is 4.9 mg/L, which indicates that many lales
and ponds in the state are at least "moderately rulnerable" to acidic inputs. For
a more detailed explanation abolrt ANC, please refer to the "Chemica-l
Monitoring Parameters" section of this report.

The acid neutralizing capacity (ANCI of the epilimnion (upper layer) ranged from
5.1 mgll. to 6.6 mgl7-. This indicates that the pond is ,noderdtel!
tallnerable to acidic inputs.

> CoDductivity

Table 14 in Appendix A presents the cufient conductivity data for in-lake
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stations.

Conductivity is the numerical expression of the ability ofwater to carry an
electdc current, which is determined by the number of negatively charged ions
from metals, salts, arrd minerals in the water column. The median conductivity
value for New Harnpshire's lakes and ponds is 4O.O uMhos/cm. For a more
detailed explanation, please refer to the "Chemical Monito Irg Parameters"
aP.ii^n ^f rhia rFn^rf

The conductivity has tncredsed in the pond since monitoring bega-n. In
addition, the inJake conductivity is gredter than the state mediai. Twically,
increasing conductivity indicates the influence of pollutant sources associated
with humar activities. These sources include failed or ma-rginally functioning
septic systems, agricultural runoff, a.nd road runoff which contains road salt
du ng the spring snow-melt. New development in the watershed carl alter
runoff patterns aid expose new soil and bedrock areas, which could also
contnbute to increasing conductivity. In addition, natural sources, such as
iron and maigalese deposits in bedrock, can influence conductivity.

We recommend that your monitoring group conduct a shoreline conductivity
survey of the pond to help identify the sources of conductivity.

To leanl holt to conduct d shoreline or tibutary conductiuitV suruey, please reJer
to the 2004 special topic articLe, which is posted oft the VLAP uebsite at
hltp://1 1ltto,d.es.nh.gott/orgdntzdtlon/dlotstorrs/rDdter/unb/vlo.p/categorles/
prabllc(ttlorts.htm, or contact the VLAP Coordinqtor.

It is possible that de-icing materials applied to nearby roadways dudng the
winter months may be influencing the conductivity in the pond. In New
Harnpshire, the most commonly used de-icing material is salt (sodium chloride).

Therefore, we recommend that the epilimtion (upper layer) be sarnpled for
chlo de next year. This additional sampling may help us identify what areas of
the watershed are contdbuting to the increasing in-la-ke conductivity.

Please note that the DES LimnologA Center in Concord is able to conduct chloide
analAses, Jree of charge. As a reminde\ it is best to conduct chloide sampling in
the spiftg as the snow is melting and duing rain euents.

) Dissolved Oxygen and Temperature

Table 9 in Appendix A depicts the dissolved oxygen/temperature profile(s)
co[ected during 2009.

The presence of sufhcient amounts of dissolved oxygen in the water column ls
vital to lish arrd arnphibians and also to bottom-dwelling orga.nisms. Please
refer to the "Chemical Monitoring Parameters" section of this report for a more
.lFf .ilF.l Fwnlrn.fi^n
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The dissolved orygen concentration was greater than 1OO percelt saturation
between fwe and seven meters at the deep spot on the July sampling event.
Wave action from wind carl also dissolve atmosphedc oxygen into tlle upper
layers of the water column. Layers of algae can also increase the dissolved
orygen in the water column, since o)'Tgen is a by-product of photoslmthesis.
Considering that the depth to which sunlight could penetrate into the water
column was approximately 5.6 meters on this sampling event, as shown by the
Secchi disk transparency depth, and that the metalimnion, the layer of rapid
decrease irl water temperature aid increase in water density where algae
t]?ically congregate, was located between approimately four and sevef
meters, we suspect that aJr abundance of algae in the metalimnion caused the
oxygen supet-saturauon,

The dissolved oxygen concentration was tnuch louer ln the h9poli''i,nlon
(loutef ldger) t ta'n ln the eplllmnton (upper ldger) at t|re deep spot on the
July sampling event. As stratified ponds age, and as the summer progresses,
oxlrgen tlpically becomes depl€t€d in the h'?olimnion by the process of
decomposition. Specilically, the reduction of hypolimnetic oxygen is primarily a
result of biological organisms using oxTgen to break down organic matter, both
in the water column arld particnlarly at the bottom of the pond where the water
meets the sediment. When hJpolimnetic oxygen concentration is depleted to
less than 1 mg/L, as lt was on the annual blologlst vlslt thls year arrd on
many prevlous anrrual vlslts, the phosphorus that is normally bound up in
the sediment may be re-released into the water column, a process referred to as
lnterndl phosphorlts loadlng.

The lour hypolimnetic oxygen level is a sign of the pondt cglng and decllnlng
healtl. This year the DES biologist collected the dissolved oxygen profile in
July. We recommend that the ainuaj biologist visit for the 20 10 sampling year
be scheduled drrring June so that we can determine if oxygen is depleted in the
hypolimnion eatt'lter in the sampling i€ar

) Turbtdity

Table 14 in Appendix A presents the curlent yeai data for in-lake turbidity.

Turbidity in the water is caused by suspended matter, such as clay, silt, al1d
algae. Water clarity is strongly influenced by turbidity. Please refer to the
"Otier Monitodng Parameters" section of this report for a more detailed
explanation.

The turbidity of the metalimnion {middle layer) sample was eletated l.1.53,
1.79, 2.57 NTUS) on the June, July ard August sarnpling events. Thls
suggests that a layer of algae may have been present at this location. Algae are
often found in the metalimnion ofponds due to the differences in density
between the epitmnion ard the h5polimnion and the resulting abundance of
food in that layer.
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As discussed previously, the hypolimnetic (lower layer) turbidity was elEodcd
(3.56 a.!d 3.91 NTUa) on the July and August sampling events. In addition,
the h]?oliEnetic turbidity has been elevated on many sampling events during
previous sampling years. This suggests that the pond bottod may have been
disturbed by the anchor or by the Kemmerer Bottle while sa.mpling and/or that
the lake bottom is covered by al easily disturbed thick organic layer of
sediroent. When the pond bottom is disturbed, phosphorus rich sediment ls
released irlto the water column. When collecting the hlpolirnnion sample, mal<e
sure that tlere is no sedinent in the Kemmerer Botde before filling the saEple
botues.
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TRIBUTARY SAMPLING

> Total Pbosphorus

Table 14 in Appendix A presents the cuFent year total phosphorus data for
tributarjr stations. Please refer to the "Chemical Monitoring PaJaneters" section
of the report for a detailed explanation of total phosphorus.

The total phosphorus concentrations were relatlvely low in 2OO9. However,
phosphorus samples were collected during only one sampling event. We
strongly recommend collecting total phosphorus during each sampling event so
we can determine how concentrations fluctuate dudng the summer months.

In general, record summer rainfall likely increased stormwater runoff and
nutrient loading to the tributaries. As impervious surface cover increases in the
watershed, stormwater runoff volumes increase. This transports phosphorus-
laden stormwater into tributaries and eventually the pond. Efforts should be
made in the watershed to reduce impervious sudaces arld limit phosphorus
sources such as fertilizer use, septic influences, aglicultural impacts, aJld
sediment/erosion control.

>PH

Table 14 in Appendix A presents the curent year pH data for the tdbuta4l
stations. Please refer to the "Chen-rical Monitcring Pa-rarneters" section of this
report for a more detailed expla-rration of pH.

The pH of the tributary stations ra-nged from 6.56 to 6.84 (> 6) and is suflicient
to support aquadc life.

> Corductivity

Table 14 in Appendix A presents the current conductivity data for the tributa-ry
stations. Please refer to the "Chemical Monitoring Parameters" section ofthe
report for a more detailed explanation of conductivity.

The Inlet and Outlet expeienced, eleuatted conductivity levels this season, arld
have experienced lacledslng conductivity since monitoring begarl. We
recommend that your monitoring group conduct a conductivity survey of
tributaries with elerdted conductivity and along the shoreline of the pond to
help identify tfre sources of conductivitJr. As previously mentioned increasing
conductivity tJpically indicates the influence of pollutant sources associated
with hurltai activities-

To learn holt) to conduct a shoreline or tibutary conductiuitV surueA, please rekr
to the 2004 special topic qrticle, uhich is posted oft the VLAP LDebsite at
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hltp://tttu@.d.es.nh.gou/orgdnlzdtiort/divtslo^shltater/utnbhttap/categortes/
publlcdtlons.htm, or corLtclct the WAP Coordincrtor.

It is possible that de-icing materia.ls applied to near.by roadways during the
winter months may be influencing the conductivity in the tdbutajies. In New
Harnpshire, the most commonly used de-icing material is salt (sodium chloride).

Therefore, we recommend that the ttibutarles be sampled for chloride next
year. This additional sarnpling may help us identify what areas of the
watershed aJe contributing to the increasing inJake conductivity.

Please note that the DES LimnologA Center in Concord is able to conduct chloide
analgses, free of cLtarge. As a reminder, it is best to conduct chloide sampling in
the sping as the snotu is melting and. duing rain euents.

> Turbidity

Table 14 in Appendix A presents the current year turbidity data for the
t butarjr stations. Please refer to the "Other Monitoing PaJameters" section of
the report for a more detailed explanation of turbidity.

Overall, 2OO9 tributary turbidity levels were slmllar to historical tributary
turbidity levels.

The Outlet experienced slightly turbid conditions throughout the season.
Paiticulate matter in the water column, most likely sediment, pollen and algae,
aie typically blown towa-rd the Outlet in Clough Pond. These materials can
congregate in a thin layer on the sudace- When sampling the Outlet, please try
to collect the sample in an aiea free of surface debris, or try to remove the
debris prior to collecling the sample

> Bacteria (.8. colil

Table 14 in Appendix A lists the current year data for bacteria fE.coftl testing.
E. coli is a normal bactedum found in the large intestine of humans and other
waim-blooded animals. Acoli is used as arl indicator organism because it is
easily cultured aIId its presence in the water, in defrned anounts, indicates that
sewage may be present. If sewage is present in the water, potentially harmirl
disease-causing organisms may also be present. Please refer to the "Other
Monito ng Parameters" section ofthe report for a more detailed explanation.

Bacteria sampling was not conducted this yeai. If residents are concerned
about sources of bactelia such as failing septic systems, animal waste, or
waterfowl waste, it is best to conduct E coli testing when the water table is
high, when beach use is heaw, or immediately afte! lain events.
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> Chlorides

Table 14 il Appendix A lists the curent year data for chloride sampltrg. The
chloride ion (Cl ) is found naturally in some surface waters and groundwaters
and in high concentrations in seawater. ReseaJch has shown that elevated
chloride levels cal be toxic to freshwater aquatic life. In order to orotect
freshwater aquatic life in New Hampshire, the state has adopted icute and
chronic chlodde criteria of 860 atld 23O mg/L respectively. The chloride
content in New Hampshire lakes is naturally lov/, generally less tha_n 2 mg/L in
surface waters located in remote areas away from habitation. Higher va_lues are
generally associated with salted highways and, to a lesser extent, with septic
inputs. Please refer to the "Chemical Monitoring Parameters" section of this
report for a more detailed explaiation.

Chloride sampling was not conducted during 2009.

DATA QUALITY ASSI,RANCE AND CoNTRoL

Anruat Assessment Audit

During the arnual visit to your pond, the biologist conducted a sampling
procedures assessment audit for you! monitodng group. Specificatly, the
biologist observed the performance ofyour monitoring group while sampling
and filled-out a-n assessment audit sheet to document the volunteer monitors'
ability to follow the proper held safipling procedures, as oudined in the VLAP
Monitort Field Manual. This assessment is used to identify any aspects of
sarnple collection in which volunteer monitors failed to follow proper
procedures, arld also provides a.1,1 opportunity for the biologist to retrain the
volunteer monitors as necessary. TLris will ultimately ensure that the sanples
volunteer oonitors collect are truly representative of actual lal<e arld tributary
conditions.

Overall, your monitoring group did aI er.cellentjob collecting samples on the
ainual biologist visit this yeaJ! Specifically, the members of your monitoring
group followed the proper field sarnpling procedures and there was no need for
the biologist to provide additional training. Keep up the good work!

Sample Receipt Checkllst

Each time your monitodng group dropped off samples at the laboratory this
summer, the Iaboratory staff completed a sarnple receipt checklist to assess a-nd
document ifyour group followed proper sanpling techniques when collecting
the samples. The purpose ofthe sajnple receipt checklist is to minimize, and
hopefu lly eliminate, improper sarnpling techniques.

Overall, t-lle sample receipt checl.list showed that your monitoring group did an
excellentjob when collecting sarnples and submitting them to tlle laboratory
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this yea-r! Specifically, the members of your monitoring group fouowed the
proper field saEpling procedures and there was no need for tJle laboratory staf
to contact your group with questions, and no samples were rejected for
analysis.
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USEFUL fIEsoURcF,s

Best Management Practices to Control Nonpoint Source Pollutioft: A Ctuide for
Citizens aftd Toun Officials, DES Booklet WD-03-42, (603) 271-2975 or
www.des.nh.gov/organization/commissioner/pip/publications/wd/documents
/, d-o3-42.pdf.

Cqanobacteia ift NeLu Hampshire Waters Potential Dctngers of Blue-Green Algae
Bloons, DES fact sheet WMB 1O, (6O31271-2975 or
www.des.nh.gov/organization/commissioner/pip/factsheets/wmb/documents/
wrnb-10.pdf.

Erosioft Control for Construction in the Protected Shoreldnd Buffer Zone, DES fact
sheet WD-SP-1, 1603) 271-2975 or
http: / / des.nh. gov/ organization/commissioner/pip/factsheets/ sp/documents/
sp-1.pdf

Lake Protection Tips: Some Do's and Don'ts for Maifttainiftg HeaIthA Lakes, DES
fact sheet WD-BB-g, (603) 27l-2975 or
www.des.nh.gov/orga-nization/commissioner/pip/factsheets/bb/documents/bb
-9.pdf.

Lou Impact Deuelopment HAdrologic Analysis. Manual prepaJed by Prince
Georget County, Maryland, Depaitment of Environmental Resources. July
1999. To access this document, visit www.epa.gov/owow/nps/lid_hydr.pdf or
call the EPA Water Resource Center at (202) 566-1736.

Lou Impact DeueLopment: Takiftg Steps to Protect Neu Hampshire's Surface
Waters, DES fact sheet WD-WMB 17, 16O3) 271-2975 or
www.des.nh.gov/organization/commissioner/pip/factsheets/wmb/documents/
wmb- 17.pdf.

NH Stormuater Management Manual Volume 1: Stormuater aftd
Antidegradatiolr, DES fact sheet WD-OB-2OA, (603) 271 2975 ot
http: / / des.nh.gov/orga-nization/ commissioner/pip/ publicalions/wd/document
s/wd-08-20a.pdf

NH Stonnuater Mandgement Manual Volume 2: Post Construction Best
Management Practices Selection and Design, DES fact sheet WD-08-208, 1603)
271-2975 or
http: / / des.nh.gov/organization/ commissioner/pip/ publications/wd/ document
s/wd-08-20b.pdf

NH Sto/rnloater ManagemetTt Manudl Volume 3: Erosion and Sedimeftt Controls
Duing Constn)ction DES fact sheet WD-08-20C, 1603) 271-2975 or
http:/ /des.nh.gov/organization/commissioner/pip/publications/wd/ document
s/wd-08-20c.odf
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Proper Lawn Care Itu the Protected Shorelaftd, Th.e Cortprehensiue Slareland
Protedion Act, DES fact sheet WD-SP-2, (603) 271-2975 ot
http: / / des. nh. gov/ organization / comiiissioner/ pip / factsheets/ sp/ documents/
sp-2.pdf.

Ro.!d" S',It and Water QudlitV, DF;S fact sheet WD-WMB -4, 16031 271-2975 ot
www. des. nh. gov/ organization / comnissioner/ pip / factsheets /wrnb/ documents/
wrnb-4.pdf.

Shoreland.s Under tlLe Juisdictiotr of the Compreh.en sive SLtoreland Protection
Act, DES fact sheet SP-4, (603) 271-2975 or
http: / /des.nh.gov/organization/commissioner/pip/factsheets/ sp/documents/
sp-4.pdf.

Vegetatiotu Mairtenance WithirL the Protected Shorel(md, DES fact sheet WD-SP-
5, 1603) 271-2975 or
http://des.nh.gov/olganization/commissioner/pip/factsheets/sp/documents/
sp-5.pdf

Weed Watchers: An Associ@tiotr to Halt the Spread of Exotic Aquatic Plants, DE,S
fact sheet WD-BB-4, (603) 271^2975 or
http: / / des.nh. gov / organization/ commissioner/ pip / factsheets / bb / documents /
bb-4.pclf.
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Table 9
CLOUGII POND

LOUDON
Current yesr dlssolved oxygen aDd temperature data.

Station ID Station Name Date DeDth DO
('f,gL)

DO Srt
('/")

Tenp
(Des c)

CLOLOTJD CLOUGH POND.DEEP SPOT 07/29/2009 0.1 8.1 98.3 25.2

l.0c 8.0 9',t.3 25.0

2.00 8.2 98.4 24.5

3.00 8.1 98.3 23.7

4.00 8.4 97_2 22.5

5.00 12.0 102_0 18.0

6.00 ll.6 14.3

7.0{ 12.5 tt2.2 t0.7
8.00 36.1 8.2

9.00 3.8 31.5

10.0( 2.3 18.7

I 1.00 0.2 .8

12.00 0.2 '7 6.1

r3.00 0.2 .8 6.0

14.00 0.2 .8 5.9

15.00 0.2 .8 5.9

16.00 0.3 2.1 5.9

17.00 0.3 2.1 5.9
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Table 15
SAMPLING STATONS

CLOUGH POND
LOUDON

Station ID Jtation Name Depth Zotre
]LOLOT'D ]LOUGH POND-DEEP SPOT COMPOSITE

]LOUGH POND-DEEP SPOT EPILIMNION
]LOUGH POND-DEEP SPOT HYPOLIMNION
]LOUGH POND-DEEP SPOT METALIMNION
]LOUGH POND-DEEP SPOT

]LOLOUI ]LOUGH POND-INLET
LOLOUO ]LOUGH POND-OUTLET

]LOLOUTB CLOUGH POND-TOWN BEACH
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Lake Drawdowns: Friend or Foe?

A Brief llistory of New Hampshire's Dams
New Hampshire has over
4,800 dams statewide, many
of which were constructed
ovet a century ago. Dams
were integral to economic
growth irl New Hampshire.
Over time the purpose and
function of these dams has
changed, however they aie an
essential palt of our
Iandscape.

In the eighteenth centu.y,
settlers constlucted the first
dams to power grist alld
lumber mills downstream.
During the winter months
settlers needed a method to store a'rld access water; dajns provided the solution. As
time passed, dams were used by a growing number of manufacturers to advance the
industria-l revolution. When logging was at its peak, dafts were constructed between
forests and downriver sawmills to offer temporal/ stolage. These eajly dalns are
among the oldest and la-rgest engineering schemes still in operation in New
Hampshire.

After the devastating flood of 1927, maly dams lrere constructed to provide flood
control. Overtime, the flow of water from darnmed areas was ha-rnessed for other
purposes, such as hydroelectric power, water supply, further flood control, alld
recreational purposes. Dams also created habitats for many fish and wildlife species,
arld a water supply source to communities.

The most common darn structure found throughout New Hampshire is the eaJthen
embankment darn. The eajthen embatkment dam is constructed using earth or rock
idl, and is dependent upon some form of concrete, stone, or timber spillway section.
The dam relies on its own weight and the characteristics of built materia_ls to maintain
a steady seepage for its stability.

Other commonly used dam structures in New Hampshire are gravity dafis
constructed of concrete or masonry, such as stone or brick, which twica.lly have a
spillway. Buttress dams characteristically consist of a wa.ll or arch supported by
several buttresses spaced across the do'wnstream side of the dam.

What is Lake Dtawdown?
Lale drawdown is tJle seasonal (typically fall in New Haapshire) lowerirrg of a body of
water arld is nomally achieved by removing stop logs to increasing water flow from the
dans. The technique originated when settlers wanted to control the arnount of water
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released downstream to power mills. The practice also helped to maintain water flow
during seasonal changes in precipitation arld water level.

Lake dra\rdo'\rns are often conducted for the same reasons today, arld benefits often
include reduced shoreline erosion, aquatic pla-nt control, reduced adverse effects of
winter ice damage, and increased water storage capacity to reduce spdng flooding.

Drawdoms of New Hampshire public waters are regulated by the New Hampshire
Depa-rtment of Environmental Services (DES) Darn Bureau to ensure that the
drawdown is in the best interest of all parties affected.

How does drawdown reduce shoreline erosion?
Shoreline erosion is a natural and continuous process. High water conditions can
have irreparable effects on the shoreline if water levels aie abovc normal. The force
applied by lale water and soil saturation will gradually erode the shoreline. wave
action caused by high winds or boating activity can also erode the shoreline above the
norma] water line. However, there are ways to mitigate and slow the erosive process

By lowering water levels, ercsive forces of waves are reduced and only occur below the
normal water level protecting the shoreline from high waters and erosion. Drawdowns
also provide a vertical space for water levels to !ise; often as a result of spring runoff
and precipitation, allowing water levels to return to norma.l heights.

IIow can dlawdown help control aquatic plant growth?
Aquatic plants a-re commonly found along the water's edge and are beneficial to the
aquatic ecosystem. The vegetation provides habitat arld food for a variety oI wildlife
(including fish), fiiters out pollutants and nutrients ftom surface runoff, and stabilizes
banks to prevent shoreline erosion. High abundalces of native and exotic aquatic
plants can often be considered a nuisance by property o\xners, swimmers and boaters.

D.awdowns are used as a low cost ar1d toxic free mechalism of potentially reducing
exotic and native plant infestations. The objective is sediment exposure resulting in
desiccation of root systems during late fa.ll ground freezes. The freezing is intended to
darnage or kill root systems and seeds to reduce or eliminate some plant species.
Some aquatic vegetation is not easily controlied by the drawdowns. There are several
ainual aquatic species that produce seeds, a.nd free-floating plants that are not
effectively managed by drawdown.

Aquatic plant management success is reiated to the frost depth a-nd sediment
dewatering. Rooted vegetation may be exposed to freezing tempeiatures; however ajl
adequate frost depth may not be achieved, thus not successfully irnpacting seed bases
and root systems.

How do drawdowns reduce adverse lmpacts to lake sttuctures?
Once a lal<e or pond has frozen, the thickness of the ice can reach a depth of two or
more feet. Eventually, the ice can exed a hefty force upon the shoreline or associated
stuctures, moving or damaging objects in its path. Lake drawdown ca-n combat the
elTects of these forces by re'dir:ecting where the pressure is exerted. This allows the
natural shoreline and nea-rbv structures to rema.in uoaltered or disturbed.
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The exposure of the shoreline duling the fall montlls also allows property o{rners to
ca-rry out required minimum impact mailtenance or repairs to tleir propedy. Some
maintenarce requires a Wetlands Permit so be sure to consuit witl the DES Wetlards
Bureau before taking on lat ge projects.

How do drawdowns reduce flooding?
Spring snowmelt arld precipitation, depending upon the rate at which both occur, calr
uitimately raise ial<e and pond water ievels. ln recent yea.rs, the state has experienced
severe storm events that have caused extensive flooding. The ability of lal<es arld
ponds to store tlis excess water is crucia_l.

Fall drawdou.ns provide extra storage capacity for la_kes and ponds durrng sprrng run-
off events. This in turn cai help reduce shoreline erosion aid property damage due to
floodirlg, and can reduce potential downstrearn flooding.

If the spring is arid and lales arld ponds do not return to nor:mal water levels, multiple
problems calr result. The key is to maintain meticulous control over the water outflow
of the pond, a responsibility of dam management.

How do drawdowns affect aquatic species populations?
Lake drawdowns may cause sudden changes in aquatic ecosystems and shoreline
habitats. Fish a-nd \raterfowl populations may experience shortages in food sources.
Amphibians and benthic iovertebrates may exhibit changes in species abundance or
composition. Species, such as sna.ils arld mussels that are unable to travel quicldy,
may not move fast enough to keep up with the receding waters resulting in mortality
through desiccation or competition as a food source. Most drawdowns a-re controlled
alld occur slowly, but no drawdornr can be free of species and habitat destrucLion.

How do drawdowns lmpact suspended sediments and nutdents?
Water volumes increase downstream during drawdo\ryrs. Even though the flo.ws a,re
temporary, if water is released too quickly it ca-n cause conc€rn both dorvnsrrearn ano
in upstream wetlands. The sane environmental impacts that occur in the lal<e also
occur in any upstrealrr wetland. These wetland areas contain complicated food webs
and a series of different inhabitants that must struggle with each drawdown. Although
drawdowns ar.e closely monitored to prevent major disturbances to the waterbody,
Iittle attention is p.ovided for the many uplar.rd wetla-nds.

Drawdowns increase nutrient and sediment loading dounstream. At the conclusion of
fall iake turnover, nutrients typically confrned to the hypolimnetic waterc are mixed
into one isothermal water layer. The potential for short-term algal or cya.nobacteria
blooms increase both in the lake and do\rnstream waterbodies. High a.lgal cell
populations may also lead to dissolved oxf'gen depletion in downstream waterbodies. If
drawdown occurs too quickiy, the increased water flow alld energ.' enha.nces the
piobability ofbank erosion. The suspended sediments will increase turbidity al]d
smother the benthic environments that support aquatic biota.

A Case Study at Ashuelot Pond, Washington
Ashuelot Pond in Washington, N.H.. has a histor-v of lake drawdo\&Tl. Since the mid-
1980s Ashuelot has been dra\irn down in an attempt to conhol aquatic vegetation,
specifically native plart populations. In 1991, DES regulated a-nnual drawdo\&ls to 3.5



2009 Special Topic

feet for flood control, ald deep drawdowns to take place every fifth yea-r. The DES
BioloS/ Section researched the physical, chemical, biological arld ecological impacts of
drawdowns to Ashuelot Pond. The study focused on impacts of drawdo ns on aquatic
plant percent cover, aquatic biota, and overall water quality. The results a.re as follows.

Throughout Ashuelot Pond the general aquatic plant percent cover did not iilustrate a
statistica.lly significant change. When the results were more closely exarnir:led, only a
few aquatic plant populations showed weally significant chaiges. Only one species,
Pondweed, had a definitive statistical decrease in the water body. In 2005, the
Ashuelot River downstrearn of the darn, presented a small but statistically significant
increase in overall aquatic plant cover compared to the data sets from 2002, 2003 and
2004.

Deep drawdowns aid shallower drawdowns were compared to determine effects on
macroinvertebrates (sma1l bugs lacking a backbone that are a food souace for frsh)
The overali number of macroinvertebrates did not significantly increase or decrease
alter the cirawcior.lTrs. ihe ciecp cj rawdown drci not rmpacr specres popuiatron however
there was aII impact on species diversity. The dominant macroinvertebrate species
shifted from Dipterans (example; black fly, mayfly, or stonefly) to Amphipods (a species
of shrimp-like crustaceans) after the deep drawdown.

One interesting observation by biologists is that no freshwater mussels were observed
on the lake bottom or on the shoreline during the study period. lt is not know if this is
a natural condition of the lake of if continuous drawdo[.ns mav eiiminate freshwater
mussels from tlle lake biota.

The frog population was not advelsely a-ffected by the deep drawdowns. Statistical
analysis of the data concluded the frog populations were rather stable in the pond. lt
is evident that adult frogs continued reproducing a-nd egg masses were observed
throughout the study.

Fish populations are measured by Lhe Proportional Stock Density (PSD), which is a
value used to describd the structural balance of a fish population. The PSD ol
Ia.gemouth bass in Ashuelot Pond has been variable over time. The weights of large
mouth bass were found to have no significant difference among years, which suggests
the drawdow! had no direct impact on the Iargemouth bass population.

The study of Ashuelot Pond provided a thorough assessment of New Hampshire la.ke
drawdown affects on the aquatic ecosystem. Drawdowns do not yield dramatic
declines in aquatic plant abundance or diversity suggesting that drawdowns aJe not
successful tools in reducing the overall aquatic pla.rrt percent cover in a pond.
Drawdowns do, however, exert some negative pressures on aquatic orga-nisms. The
conclusion for Ashuelot Pond is to protect the integrity of the aquatic ecosystem; deep
water drawdowls aie not the best method to control aquatic plant grorrth.

Who to Contact
For more inlormation relative to the design, construction, maintenance and operation
of dams, please contact the DES Water Division Dam Bureau at (603) 271-3406 or
elnail mdamsafet\4ades.state-nh.us. General information is available at
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www.des.nh.gov/Dan/. You may also visit our oflice at 29 Hazen D.ive in Concord,
New Ha:npshire.
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2009 VLAP LAKES: SIMILAR GROUPINGS BASED ON LAKE VOLUME AND MAXTMUM DEPTH

Maxlnuo Deplh C.togory Be.kpolnt! ! 0n 0 mt 10.25 m; >t 25 n.t6r6
vollm. ca!.lory Brc.kpotnk : tn 00,000 Bg t00,000 - 5,0oo,ooo m3i 5,ooo,ooo.5o,0oo,ooo m3i >5o,ooo.ooo n3

GROUP I
Volum.=1.< 100,000n3

GROUP2
vorun. : 100,000.< 5,000,000 m3

LAXE

DUCKPO



GROUP 2 {COIITINUED)
volun.:100,000 -< 5,0001000 m3

FLUSHRA'E

a2

0.9

r.9



6ROUP3
vorud. : 5,000,000 < 5o,o0o,oo0 m3

volume:1- < lOO,000m3

volune- l00,OO0 - < E000,000 m3
llulnum Oopth = 10. < 25 m

LAKE

DEPI| lml DEPTH IIiJ
VOLUME

tmsi l

-qarERSHE0 F!USHMT€

't92450(
270750< s.0, 2331

15.2 6.1 425050( 62.7: 0.t
3.i 53.8I 9t2 254

su tToN 13.1
CLEMENT POND t5.l 6( 315350( 61!

OSSIPEE r9.: 9.t 336800( 35.0 220.! 0.i
DANFORTH POND. LOWER FREEOOM 16,{ 129 4764 | 31.{
DEERING RESERVOIR DEERING 3.: 4442501 127.d 139.( 1
FR€NCH PONO 727504 16.7! 196.i
GIIMORE POND 13,', 3.t 173650( 1201
GLEN LAKE 15.1 242650( 5240(
GOUIO PONO HILLSAOROUGH 5.t 111300( 1S.l 259i,

16.i 370050( 42.5( 2175_l 2.(

'12.1 22 43.5t 3263.r
HERMIT IAXE 15.1 2,4 175600( 11_21 15M.t

421 453! 1320!
IIILLS PONO 5.: 55.6{ 595.t

A'ASHINGTON 5.( a1.ai
ISLANO PONO. LITTLE 324350( 62.7: 2U.r
KNOWLESPOND 5.t t 39650( 21,21 0t

6.1 3426ofi 62.fi 310.t
.EAVITT AAY )SSIPEE 3.4 242900( 9201( u1.a
LEES POND 3,i 2675001 72at t14A.t r2,!
LONG POND LEMPSTER 20.i 295550( 48.5t 0.!
LOON POND GILMANTON 13.f 343€00( 49.04
MLLLEN PONO WASHINGTON 12,1 318550( 63.1: 3:t6.t o.i
MOORESPOND 34600( 20.21 I

LITILETON 15.1 5.t 243,4001 362.{
PEA PORRIDG E PONO. BIG MAOISON 13,i 229550( 579.1 1.:

EA PORRIDGE POND. MIDDLE MADISON 13,r 83150( 17.5t 751,1
3( 7096.( 1A

1,( 313250( 336:
OORCHESTER 3.{

21.1 6.t 397750( &.3t 334.i 0,1
II,ARLBOROUGH 1570s0( 2U.\

SUNSETLAKE 23-'l 465100( 42.9t 145t
16t 6.! 327150( 0(

HOI.OERNESS 10.i 1211.:,
6,t 414900( 62.44 1346_I



volu d. : 5,000,000. < 5o,ooo,0oo m3

SIJNCOOh POND, UPPER

vorume = >= 50,000,000 m3

volumo : lOO.0O0 - < 5,000,000 d3

Volum. r 5,000,000 - < 50,000,000n3

Volono = > s0.000,000 m3

DEPIH lml
MEAN

DEPTH {N)
OSSIPEE 1Aa a.a 10342150( u422.1

LAXE

DEPTH lm)
WATERSHEO

LAXE

DEPIH{M}
WATERSHED FLUSHRAIE

DIJBLIN LAKE OUBLIN 31.1 s79850C 96.6 o.2
GMNITE LAKE 9.t 92.11 934.t 0.i

NEISON 30i 11 3002450( 289.31 2497.l
NEW LONOON

26.t 10., 1337850( 569 | 0.:

DEPIH ITi}'I
VOLUME. WATERSHED FLUSHRAIE

CONNECTICUT LAKE, FIRST PITTSB!RG 1? 1935020N 1136.07 21445.1 08
CLARKSV LLE 12.2 10267600( 442.55 2.6

13415m0( 1655.2 11680.1
/r']NNISOUAM- LAKE
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