2010 FINAL REPORT

L ake Wallenpaupack
Water Quality Monitoring Program

E ,

g o

January 12, 2012

Prepared for:

% Lake Wallenpaupack Watershed

S Management District
P.O. Box 143
Hawley, PA 18428

Prepared by:
« Aqua Link, Inc.
Pond, Lake & Stream Management & Supplies
P.O. Box 605 Ph: 215.230.9325

Doylestown, PA 18901  www.aqualinkinc.com




Lake Water Quality Monitoring Program for 2010
Lake Wallenpaupack Watershed Management District

TABLE OF CONTENTS

Section No. Page
A CKN OW LD E G EMEN T S .. e e e e e raean e enanan iv
EXECUTIVE SUMM A RY oo ettt e et e et r e e e ananans \Y}
L. INTRODUCTION .ottt et ettt et ettt e et e e e et e e eaaaeenenanenannn 1
2. LAKE WATER QUALITY MONITORING PROGRAM........ccocciit i, 2
3. LOCAL CLIMAT OLO G C AL DA T A e e e e 4
4. LAKE WATER QUALITY DATA RESULTS FOR 2010 ....ccciiiis e, 6
4.1. TEMPERATURE ANDDISSOLVED OXYGEN .. . ue ittt e e eeeeeaeaeeaeae e e e saeanaeenenanenens 6
4.2, PH & A LKALINITY ettt et ettt et e e e et et e e e et et e e e e e e e n et e e eneaeae e aernend 9.
4.3. [ @ 151 = = [0 = U1 YR 10
4.4, N I T N 11
4.5, FCCHIDISK TRANSPARENCYE& CHLOROPHYLL-A . . ettt ee e eeaeeeaeaeae e eeenenanenenes 13
4.6. TOTAL SUSPENDEDSOLIDS. .. ettt et tetate e eaea et e ee e ee e ta e e s eae e an e taeaeae e e enenrnenaneens 14
4.7. FHYTOPLANKTON & ZOOPLANKTON BIOMASS . .. et e eaeaeae e 14
4.7.1. 0170 o] F=Tg] (o o R PRR 15
A.7.2.  ZOOPIANKEON......ceiuiiieiiieeeiieeette et e et e et e e st e e e saae e s ssbeeessbeeessneeesnseeesnseeeanneeens 17
4.8. CARLSON' S TROPHICSTATE INDEX VALUES. ..ttt ettt e ee e e et ee e eeneaneenan 18
4.9. SIMMARY OF LAKE ASSESSMENTD ATA .. uiuttiee ettt et eee et e e e e et ee e eaean e eaeaeeaens 19
5. HISTORICAL LAKE WATER QUALITY TRENDS........c..ccot i, 21
5.1. [ @ 151 = [0 = U1 YR 21
5.2. N I T N 21
5.3. B C CHI TRANSPARENCY. .. ettt ettt eatn e et e e e et e te et e e s aatm e e e e reeeeaentn e eaeeaeananrnss 24
5.4, (@2 ]He] =T0] > = N7 N N 24,
5.5. FHYTOPLANKTON & ZOOPLANKTONBIOMASS ... e et eaeaee e 24
5.6. CARLSON TROPHICSTATE INDEX V ALUES. ... et itttteeeeee et e et e e aaeeaeae e aeanansaeeaeaans 24
5.7. SIMMARY OF HISTORICAL LAKE DATA ..ot ae e 27
6. CONCLUSIONS AND RECOMMENDATIONS ... 28
7. LITERATURE CITED ..ottt e e ettt e e e e e e e eaeaeenanas 30

Prepared by Aqua Link, Inc. i



Lake Water Quality Monitoring Program for 2010
Lake Wallenpaupack Watershed Management District

Appendices

Appendix A Glossary of Lake and Watershed Management Terms
Appendix B Primer on Lake Ecology & Watershed Concepts
Appendix C  Lake Water Quality Data for 2010

Table No.

Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6

Cover Page

Picture of Lake Wallenpaupack taken by Agua Link.

List of Tables

Page
Mean pH & Alkalinity Concentrations at #tat3 in 2010............cccoveiiiiiiiieiinen, 10
Mean Phosphorus Concentrations at StatidAGBLO ..............ccoeeeeiiviiiiieiiieeiin, 11
Mean Nitrogen Concentrations at StationZDL0............ccouoviiiiiiiiiiiiiineeieeeeenn. 12
Mean Secchi & Chlorophyll-a Values at 8tal in 2010............cccoeiiiiiiiiieiinnns 14
Mean Total Suspended Solids Concentratiddigmadn 3 in 2010.................c.e...e. 14
Mean Carlson’s TSI Values at Station 3 in 2010Q.........cccoevieiiiiiiiiiinieiiieeees 19

1157-05 LWWMD 2010.rpt.doc

Prepared by Aqua Link, Inc. ii



Lake Water Quality Monitoring Program for 2010
Lake Wallenpaupack Watershed Management District

Figure No.

Figure 1.1
Figure 2.1
Figure 3.1
Figure 3.2
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9

List of Figures

Page
Lake Wallenpaupack Watershed ......... oo 1
Lake Monitoring STAtiONS ..........ooeeeeeeeeiiiie e e e 3
Historical Air Temperature Data in the Laka&l®ipaupack Region.......................

Historical Precipitation Data in the Lakellgvipaupack Region..............c..ccevvneeens

Water Temperature Profiles at Station 3 in 2010..........ccoiiiiiiiiiiiiiiiieeennnnn. 8.
Dissolved Oxygen Profiles at Station 3 in 2010..........cccuuiviiiiiiiiiiiiiieeiieeed 8.
Phytoplankton Biomass at Station 3 iN 2010, cccceeiievviiiieiiiiiieiieeeeeeeeie, 16.
Zooplankton Biomass at Station 3 iN 2010 ........cocevviiiiiiiiieiiiiecee e 18
Historical Total Phosphorus Concentratior@&urface Waters .............ccceeeeeevnnnne. 22
Historical Total Phosphorus Concentratioioittom Waters ...........cccceeevveeennnn. 22
Historical Total Nitrogen ConcentrationSurface Waters...........ccccooovevviieeennnnnne. 23
Historical Total Nitrogen Concentration8ottom Waters...........c.occveviviiinnenens 23
Historical Secchi Disk TranSpare€nCy .......ccu.uveveeuiiiieiiiieeieiiie e eeeenes 25
Historical Chlorophyll-a Concentrations............c.uovvieeiiniiiiiineeeieeeeie e 25
Historical Phytoplankton BIOMASS.....ccooiviiiiiiiiccii e 26
Historical Zooplankton BIOMASS ....... e eeeeeeeiiieeiiiee e eeen e 26
Historical Carlson’s TSI ValUES ........c..uiviiiiiiiiie e 27

Prepared by

Aqua Link, Inc. i



Lake Water Quality Monitoring Program for 2010
Lake Wallenpaupack Watershed Management District

ACKNOWLEDGEMENTS

Aqua Link would like to extend its appreciation to the Ctioes of the Lake Wallenpaupack
Watershed Management District (LWWMD) and their orgainans for their strong commitment and
dedication in protecting and improving the water qualityLalke Wallenpaupack and all of its
tributaries throughout Pike, Wayne, Lackawanna and MoDoamties. Special thanks are extended
to Mr. Nick Spinelli, LWWMD Executive Director, forladf his assistance throughout the duration
of this project.

2010 LWWMD Board of Directors

Alex Zidock, Chairman Representative - Pike County agjéa

Pete Snyder, Vice Chairman & Representative - Waymeny Conservation District
Karl Eisenhauer, Secretary & Representative - Waymeny at Large
Charles Sexton, Treasurer & Representative- LWWA

Trish Attardo, Representative - Monroe County at Large

Pete Bochnovich, Representative at Large

Richard Caridi, Representative - Pike County Commissione
Bruce Chandler, Representative-Wayne County Supervisor
Coulby Dunn, Representative - Pike County at Large

Eric Ernhardt, Representative - Pike County Supervisor

Carolyn Gwozdziewycz, Representative - Wayne Counbyasge
Pete Helms, Representative - Pike County Conservaiginct
Wendell Kay, Representative -Wayne County Commissioner
Kathleen Lester, Representative - PPL Corporation

Tom Mueller, Representative - Marine Trades Assogiatio

Fred C. Schoenagel, Jr., Representative at Large

Brian Schan, Representative - Sewage Treatment Plant

John Senio, Representative - Lackawanna County at Large

Mark Reidenbach, Representative at Large

LWWMD Executive Director
Nick Spinelli

LWWMD Solicitor
R. Anthony Waldron

Prepared by Aqua Link, Inc. iv



Lake Water Quality Monitoring Program for 2010
Lake Wallenpaupack Watershed Management District

EXECUTIVE SUMMARY

Lake Wallenpaupack, a 5,700-acre reservoir, is an extreraklgble multi-recreational and
economic resource for Northeastern Pennsylvania.laKe is nestled within the Pocono Mountains
in Pike and Wayne Counties. Lake Wallenpaupack is used aeigrier a wide variety of water-
related activities including swimming, fishing, boatingter skiing, and snowmobiling.

Over the years, the water quality of Lake Wallenpaupaskbkan routinely monitored since
1980. In 2010, the Lake Wallenpaupack Watershed ManagementtDistained Aqua Link to
analyze the 2010 lake water quality data and prepare the 2010 @pura As part of this report,
Aqua Link also compared the 2010 data to the historical ddlexied from 1980 through 2009 to
determine whether lake water quality has improved or dedrader the past 31 years.

Lake Wallenpaupack was classified as a slightly eutropkérveir in 2010. The mean Carlson
TSI values for total phosphorus, chlorophyll-a, and Setisk transparency were 52, 56, and 50,
respectively, for 2010. The lake was thermally stratiiiech May through September. In turn, the
dissolved oxygen concentrations were strongly strdtifiben the lake was thermally stratified.
Phytoplankton data indicate that blue-green algae (Cyateppligre dominant during the growing
season. The most common genera vigaiganizomenon andAnabaena.

Based upon trend analysis, the water quality of Lake Wadlepack has generally improved since
1980. Total phosphorus concentrations in surface and batébens and Secchi transparency (water
clarity) have gradually improved. Total nitrogen concatidns in surface and bottom waters
marginally increased along with chlorophyll-a concemares and phytoplankton biomass.

Over the past 31 years, water clarity (Secchi transpgyémproved although chlorophyll-a and
phytoplankton biomass have slightly increased. This apptarbe related to a shift in the
phytoplankton community, where blue-green algal dominasidess prevalent. The shift in the
phytoplankton community may be attributed to decreasesahphosphorus and increases in total
nitrogen in the lake. In general, higher nitrogen to phosus concentration ratios in lakes often
favor green (Chlorophyta) over blue-green (Cyanophygaeaesulting in more species diversity and
improved water clarity and aesthetics.

Prepared by Aqua Link, Inc. v
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1. Introduction

Lake Wallenpaupack, a 5,700-acre reservoir, is an extreraklgble multi-recreational and
economic resource for Northeastern Pennsylvania.lalke is nestled within the Pocono Mountains
in Pike and Wayne Counties. Lake Wallenpaupack is used &xetgrier a wide variety of water-
related activities including swimming, fishing, boatingater skiing, and snowmobiling. Lake
Wallenpaupack is within vacationing distance of milli@fhsnhabitants of the mid Atlantic states.
Philadelphia, New York City, Trenton, Scranton and V¢ilBarre are all located within 100 miles of
Lake Wallenpaupack, and the lake receives substantial uskebg city residents. The Lake
Wallenpaupack watershed is quite extensive and encompassequalt8é miles spread over four
counties and 14 townships as shown in Figure 1.1 (LWWMD weehs www.wallenpaupack
watershed.org).

Blooming Gyrove
FALTE

Figure 1.1 Lake Wallenpaupack Watershed
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In 1926, the Pennsylvania Power & Light Co. (PP&L) damihedcreek and built the lake to
supply water for a hydroelectric power plant. Building glelwas a monumental task, considering
that mules and steam engines were the only source @frgomconstruction projects in those days. It
took 2,700 people about two years to do the job. Farmss laawch houses in the lake bed were
demolished or moved, trees were cut down, utility poldsl@mmiles of roadway were moved, and a
cemetery was relocated. Wallenpaupack Creek was reroutiedivehconcrete dam was being built.
PP&L also built a dike in Tafton to impound Wallenpaupacke€rénce the dam and dike were
completed, the stream was allowed to resume its cousdillahe lake with water (LWWMD
website at www.wallenpaupackwatershed.org).

Over the years, the water quality of Lake Wallenpaupaskbkan routinely monitored since
1980. In 2010, the Lake Wallenpaupack Watershed Managementtjistrieinafter referred to as
the LWWMD) retained Aqua Link to analyze the 2010 lake watelity data and prepare this
report, which provides our conclusions and recommendat#ansart of this report, Aqua Link also
compared the 2010 to the historical data collected from 1980dgh 2009 to determine whether lake
water quality has improved or degraded over the past 31 years.

In the Winter 2009-10, the District retained Aqua Link to dgvéhe historical water quality data
for the period of 1980 through 2009. This historical water guaditabase served as the foundation
for this report and will subsequently be used to analyzeealy acquired lake water quality data
from this point forward.

2. Lake Water Quality Monitoring Program

LWWMD monitored the water quality of Lake WallenpaupacR@10. The lake was monitored
at Stations 3 and 5 in 2010 (Figure 2.1). These monitoringrssatvere monitored once a month
during May through October.

In 2010,insitu water temperature and dissolved oxygen data were cdlidige designated lake
stations on each study date. Thas®tu data (dissolved oxygen and water temperature) were
collected at one-meter intervals from the surfadbedbottom of the lake at each station using a YSI
(Yellow Springs Instruments) Model 85 meter. Secchi dadparency (water clarity) was measured
and recorded using a standard 8-inch (20 cm) freshwateriSksiclat the lake stations on each
study date.

In 2010, water samples were collected at two different degileach study date at Stations 3
and 5. Surface samples were collected one meter (3.3bfeety the lake’s surface and bottom
samples were collected one meter (3.3 feet) aboveak@edediments. All water samples were

Prepared by Aqua Link, Inc. 2
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collected using a Kemmerer water sampler unit. Onceatel, all water samples were placed in
bottles, preserved accordingly in the field, and thepps to the certified contract laboratory for
further analysis. The collected surface water sampdes analyzed for alkalinity, total phosphorus,
soluble reactive phosphorus (namely orthophosphorusateitnitrite, total Kjeldahl nitrogen,
ammonia, total suspended solids, and chlorophyll-a. Ttierhovater samples were analyzed for
alkalinity, total phosphorus, soluble reactive phosphanmitisgte, nitrite, total Kjeldahl nitrogen,
ammonia, and total suspended solids. In addition, compsaitgles of the photic zone were
collected for phytoplankton and zooplankton analysis (ffigation and enumeration) at Station 3 on
each study date. Discrete water samples were colledtepthe Kemmerer sampler and placed into a
bucket to form composited samples for later phytoplankdentification and enumeration. The
composite sample for zooplankton identification and enatiegr was obtained by vertically towing
the lake water column using a 80 um (micron) mesh planidbThe photic zone was represented as
twice the Secchi disk depth on each study date.

b ) 3 e e L ‘ /
/ / ,.C' - : Li"“ R
i 3 £ Station1 L b .

P Wilsonville

/
= & T
‘\.__j' l"\ Station 2
% S/ " o Eppl Tsland '
i i'l \\(.
i\ -~ .‘- :
NN, \ «
e Lo A 5
! % \
| | 3
PSR il L i
bl ! LS 5
..__J ‘

Station 3
Nemanis

Station 3 e
| Ledgedale ___J,r’\__,- \
Y \.'L_:h\l \1.

£ [" "\ l

\1 . 5
Y s Station 4 “&
L | White Beauty
! R

Figure 2.1 Lake Monitoring Stations
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All collected water chemistry samples were shipped dyréatthe contract laboratory, ECM
(Environmental Compliance Monitoring, Inc.) in Hilstough, New Jersey, for analysis. All
phytoplankton samples were preserved in the field and sulrggcamalyzed by Dr. Kenneth Wagner
of Wilboraham, Massachusetts.

3. Local Climatological Data

Aqua Link acquired and analyzed local climatological dataiclwlare representative for
Northeastern Pennsylvania (Figures 3.1 and 3.2). Ove@dl) was a warmer and drier year when
compared to data presented over the past 31 years.

Figure 3.1 shows the average (mean) air temperaturekefayrowing season (May through
October) from 1980 through 2010. Monthly temperature data wxtaened via the Internet at the
Pennsylvania State Climatologist website. Infornratib this website is provided by the College of
Earth and Mineral Sciences at Penn State. Data eadiexted by averaging temperature data (in
degrees Fahrenheit) for the months of May through @ctfols each of the study years.

Figure 3.2 shows the total precipitation amounts from 198t 2010. Annual precipitation
data was obtained via the Internet at the NOAA natiereather service website. Precipitation
measurements (recorded in inches) were report for AR@ansylvania from 1980 through 2010.
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Average Air Temperature for Lake Wallenpaupack Regi  on (1980-2010)
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Figure 3.1 Historical Air Temperature Data in the Lake Wallenpaupack Region
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Figure 3.2 Historical Precipitation Data in the Lake Wallenpayack Region
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4. Lake Water Quality Data Results for 2010

The water quality data for Lake Wallenpaupack in 2010 are pgegbsirthis section of the report.
As discussed in Section 2, the lake was monitored abf¢a® and 5 in 2010 (Figure 2.1). The
majority of this report focuses on the water qualityadatllected at Station 3, which is centrally
located within the lake. This station has historydadlen used to describe the overall water quality of
Lake Wallenpaupack and this appears to be quite logical basedupreview of data since 1980. In
contrast, Station 5 is located uplake near the conflueh@éallenpaupack Creek and represents
more eutrophic conditions — especially with respect taemis. Wallenpaupack Creek is the major
tributary to the lake and drains a substantial portich@massive Lake Wallenpaupack watershed
(Figure 1.1).

With the exception of dissolved oxygen and water temperathe water quality data at Station 3
are presented as average (mean) values for the growasmsg@iay through October). The growing
season is a very important time period since thigeisime when the lakes are most heavily used (e.g.
recreation, aesthetics) and most water quality problasn®lated to eutrophication, occur. All of the
lake data that were collected and analyzed in 2010 are prdseRppendix C.

4.1. Temperature and Dissolved Oxygen

In late spring or the beginning of summer, many modegrdesp to deep temperate lakes develop
stratified layers of water. Under stratified condiipwarmer and colder waters are near the lake's
surface (epilimnion) and the lake's bottom (hypolimnio@gpectively. As the temperature differences
become greater between these two water layerse#iiance to mixing increases. During lake
stratification, the epilimnion is usually oxygen-rich dogphotosynthesis and direct inputs from the
atmosphere, while the hypolimnion may become depletegygfen due to the respiration of aquatic
organisms. As previously discussed, aquatic organismslfaageria, fungi, protozoan, zooplankton,
macroinvertebrates, fish) consume dissolved oxygendardo metabolize prey or detritus (U.S.
EPA 1980, U.S. EPA 1990 and U.S. EPA 1993).

Conversely, shallow temperate lakes may only becorskly stratified during the summer
months or some lakes may never stratify at all. GVerall degree and duration of stratification in
weakly stratified lakes are largely dependent upon locad wonditions and the morphological
characteristics of the lake itself. During windy daysface wave action may be sufficient to partially
or completely destratify (mix) a lake. Converselyhallsw lake may become partially stratified on
windless days.

Prepared by Aqua Link, Inc. 6
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Overall, water temperatures and dissolved oxygen comdtemts are very important with regards
to a lake’s fishery. In general, the optimal watergerature for salmonid fish (i.e., trout) is 55 to 60
°F (12.8 to 15.6'C). Trout may withstand water temperatures aboveRB(®6.7°C) for several
hours, but if water temperatures exceed#%23.9°C) for extended periods, high trout mortality is
expected (Pennsylvania State University). Conversely;salmonid fish such as golden shiners, bass,
bluegills, can grow well even when water temperaturesexk 80°F (26.7°C). In general, safe
minimum dissolved oxygen concentrations for adult salchand non-salmonid fish are 5.0 and 3.0
mg/L, respectively. When dissolved oxygen concentratitatis below these concentrations,
production impairment of the lake’s fishery can be exgxbct

In addition to impacting the lake’s fishery, low dissalaxygen levels in the bottom waters of a
lake will often accelerate the release of nutrientshsas soluble orthophosphorus (analytically
measured as dissolved reactive phosphorus) and ammowoggenijtirom anoxic (oxygen depleted) in-
lake sediments. In particular, the accelerated reledsg of nutrients (referred to as internal loading)
can represent a substantial portion of all incomingemis to a lake. Increased nutrient loadings via
in-lake sediments may further degrade lake water qualitjndrgasing the production of both
phytoplankton and aquatic macrophytes (vascular plants).

Lake Wallenpaupack

The 2010 water temperature and dissolved oxygen profile datzake Wallenpaupack are
graphically presented in Figures 4.1 through 4.2. The maximusr weapth at Station 3 was 13.5
meters (44.3 feet) in 2010. The lake was strongly, therstadlyified during the months of June, July
and August (Figure 4.1). Figure 4.2 shows that dissolved oxygels lapidly decreased within
deeper lake waters (hypolimnion). The thermocline, visithe point where the temperature change
is the greatest, divides the epilimnion (surface watend)the hypolimnion (bottom waters), was
located at a depth of approximately 5 to 7 meters (16 toe2Bdaring the period of June through
August.

In 2010, it should be noted that LWWMD only recorded disgsblveygen values as percent
saturation in June through October as opposed to repouifgthe concentration (mg/L) and
percent saturation. Conversely, LWWMD recorded the lisdaxygen data only as concentration.
As expected, these two parameters are closely reldtecewercent saturation values less than 30
percent typically correspond to dissolved oxygen condamisaless than 1 mg/L in Pennsylvania
lakes. In past reports, historical dissolved oxygen dataisisions (1980-2009) primarily focused on
concentration rather than percent saturation and ishistandard for most lake studies and
investigations. In the future, dissolved oxygen data shmutécorded as concentration (mg/L) and
percent saturation throughout the water column at alitorarg stations on all study dates.
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Depth (meters)

2010 Water Temperature Profiles in Lake Wallenpaupa ck (Station 3)
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Figure 4.1 Water Temperature Profiles at Station 3 in 2010
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Figure 4.2 Dissolved Oxygen Profiles at Station 3 in 2010
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4.2. pH & Alkalinity

The pH and alkalinity of water are directly related t@ another. In general, as alkalinity increases,
the pH of the water also increases. The acidity siclbgof a solution is most often expressed as pH.
The term pH is defined as the logarithm of the recglr@ar its negative logarithm) of the hydrogen
ion concentration. Therefore, a one unit change ingpiresents a ten-fold increase or decrease in the
hydrogen ion concentration (as pH decreases, the hydrog&oncentration increases). The pH
scale ranges from O to 14 standard units where a valuendicates neutral conditions. Water
becomes more acidic when pH values fall below 7 and rasie when pH values rise above 7. In
general, most natural waters usually have a pH valuesbat6.5 and 8.5.

Aquatic life in lakes can be adversely impacted when peéldedrop too low in lakes. When pH
concentrations fall below 6.0 standard units, theregieater risk to increase the concentration of
heavy metals, in particular aluminum. High concentratmirhydrogen and aluminum ions are known
to adversely affect the ion regulation of aquatic orgasis condition referred to as "osmoregulatory
failure". When osmoregulatory failure occurs, high hydrogmhaluminum concentrations induce the
leaching of sodium and chloride ions from the body fluidgsb and other aquatic organisms (U.S.
EPA, 1990). As summarized by J. Baker, pH values ranging3réno 6.0 standard units can result
in the loss of sensitive minnows and dace, which beaynportant as forage fish for game fish. In
addition, the pH levels below 6.0 are also known to adlyea#fect the reproductive success rates of
game fish, such as walleye (U.S. EPA, 1990).

Alkalinity refers to the capacity of water to neutzal{or buffer against) acid inputs. Alkalinity of
natural waters is due primarily to the presence of hydesXOH), bicarbonates (HCS), carbonates
(CO:%) and occasionally borates, silicates and phosphatesefbre, the carbonate—bicarbonate
equilibrium system (C©- HCO; - CO;%) is the major buffering mechanism in freshwater lakes
(Wetzel 1983).

Alkalinity is typically expressed in units of milligrameger liter (mg/l) of CaC®@ (calcium
carbonate). Waters having a pH below 4.5 contain ndiraligal ow alkalinity is the main indicator
of susceptibility of aquatic organisms to acidic inputg.(ecid rain and acidic dry fallout). Waters
with pH values ranging from 6 to 9 are largely comprisedicdrbonate (HC©). At higher pH
values, carbonate (GO) plays a more important role in the buffering capaaitthe water. Lakes
with watersheds that contain sedimentary carbonatiesrare high in dissolved carbonates (hard-
water lakes). Conversely, lakes in granite or igneocissrare low in dissolved carbonates (soft water
lakes). In the Northeastern U.S., the alkalinity atfunal surface waters typically ranges from 5 to
over 200 mg/L as CaGO
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Lake Wallenpaupack

The mean pH values for surface and bottom waters cotildenceported for the 2010 study
period (Table 4.1). LWWMD only collected pH data in Mayr{ace to bottom) and June (surface
only). In the future, at a minimum, pH data should be oreglsand recorded in surface and bottom
waters at all monitoring stations on all study dates.

The mean alkalinity concentrations for surface antbibotvaters in 2010 are presented in Table
4.1. The mean values are considered somewhat low, bealtfgri lakes within the Pocono Mountain
region and the Northeastern U.S. Overall, the mdaiiraty concentrations should be sufficiently
high enough to regulate or maintain stable pH levelsateke. This simply means that the lake is not
highly susceptible to acidic inputs such as, acid rainliccinoff from snowmelt and acidic dry
deposition. Conversely, when acidic inputs are episogiaigh, the pH levels in the lake may decline,
thereby providing additional stress on acid intolerant B@oaganisms.

Table 4.1 Mean pH & Alkalinity Concentrations at Station 3 in2010

pH Alkalinity
(standard units, s.u.) (mg/l as CaCOs)

Surface Bottom Surface Bottom

2010 | e | e 10.8 14.4

Note: Insufficient data were collected by LWWMDdetermine mean pH value for the 2010 study period.

4.3. Phosphorus

Total phosphorus represents the sum of all forms of pleogphTotal phosphorus includes
dissolved and particulate organic phosphates (e.g., algaatla™aquatic organisms), inorganic
particulate phosphorus as soil particles and other sglolgphosphates from detergents and
dissolved orthophosphates. Soluble (or dissolved) orthpplats (determined analytically as
dissolved reactive phosphorus) is the phosphorus forrstimaist readily available for algal uptake.
Soluble orthophosphate is usually reported as dissolvetivee@ahiosphorus because laboratory
analysis takes place under acid conditions and may nesiét hydrolysis of some other phosphorus
forms. Total phosphorus levels are strongly affectatiégaily phosphorus loadings to a lake, while
soluble orthophosphate levels are largely affecteddal ebnsumption during the growing season.
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Based on criteria established by Nurnberg (2001), a lalka&sssified as oligotrophic, mesotrophic,
eutrophic and hypereutrophic when surface total phosphongetations are less than 0.010 mg/l
as P, 0.010 to 0.030 mg/l as P, 0.031 to 0.100 mg/l as P and greetdd.160 mg/l as P,
respectively.

Lake Wallenpaupack

The 2010 mean total phosphorus concentrations for sunfiidecitom waters were 0.027 and
0.043 mg/L as P, respectively (Table 4.2). The higher ctrat&ms in the bottom waters are likely
due to the settling of dead algae and the release of phasphom anoxic sediments (sediments
containing no dissolved oxygen). Based upon the abowveriaritthe mean total phosphorus
concentrations for surface waters suggest that Lakelgalupack is classified as highly mesotrophic
in 2010.

The 2010 mean dissolved reactive phosphorus concentrationgface and bottom waters were
0.004 and 0.015 mg/L as P, respectively (Table 4.2). Extreowlgissolved reactive phosphorus
concentrations (at or below the detection limit) aadie that this form of phosphorus is rapidly used
by phytoplankton as soon as it becomes availablenntitia lake.

Table 4.2 Mean Phosphorus Concentrations at Station 3 in 2010

Total Phosphorus Dissolved Reactive Phosphorus
(mg/L as P) (mg/L as P)

Surface Bottom Surface Bottom

2010 0.027 0.043 0.004 0.015

4.4. Nitrogen

Nitrogen compounds are also important for the growth epbduction of phytoplankton and
aquatic macrophytes. The common inorganic forms obgén in water are nitrate (NQ nitrite
(NO,) and ammonia (NgJ. In water, ammonia is present primarily as ammoniiH,") and
undissociated ammonium hydroxide (MPH). Of these two forms, undissociated ammonium
hydroxide is toxic and its toxicity increases as pHwater temperature increase. Overall, the most
dominant form of inorganic nitrogen present in lakes dépdargely on the dissolved oxygen
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concentrations. Nitrate is the form usually found irfesre waters, while ammonia is only stable
under anaerobic (low oxygen) conditions. Nitrite isirbermediate form of nitrogen, which is
generally considered unstable. Nitrate and nitrite (redeto as total oxidized nitrogen) are often
analyzed together and reported as;NONO,-N, although nitrite concentrations are usually
insignificant as noted previously. Total Kjeldahl nitrag@KN) concentrations include ammonia and
organic nitrogen (both soluble and particulate forms)ga@ic nitrogen can be easily estimated by
subtracting ammonia nitrogen from total Kjeldahl nitnegencentrations. Total nitrogen is calculated
by summing the nitrate-nitrite, ammonia and organimogin fractions together.

According to Nurnberg (2001), lakes with surface total nitnoggncentrations less than 0.350
mg/l as N are classified as oligotrophic, from 0.350 to 0.680an N are classified as mesotrophic,
from 0.651 to 1.200 mg/L are classified as eutrophic and gréaied.200 mg/l as N are classified
as hypereutrophic.

Lake Wallenpaupack

The 2010 mean total nitrogen, total Kjeldahl nitrogen (JKiNkrate plus nitrite nitrogen, and
ammonia nitrogen concentrations for surface and bottatars are presented in Table 4.3. Overall,
the 2010 mean total nitrogen concentration for the bott@ters was about twice as high as the
mean concentration for the surface waters. This higalele in the bottom waters is most likely
attributed to higher levels of ammonia nitrogen ancatetplus nitrite nitrogen. Higher ammonia
concentrations in the bottom waters are due to lowoblied oxygen concentrations plus the
accelerated release rates by anoxic sediments (seslioztaining no dissolved oxygen).

Table 4.3 Mean Nitrogen Concentrations at Station 3 in 2010

Total Total Kjeldahl Nitrate + Nitrite Ammonia
Nitrogen Nitrogen (mg/L as N) (mg/L as N)

(mg/L as N) (mg/L as N)

Surface Bottom Surface Bottom Surface Bottom  Surface Bottom

2010 0.454 1.026 0.355 0.908 0.119 0.118 0.033 0.142

Based upon the Nurnberg criteria (2001), the mean totalgeitr concentrations for surface
waters are at a moderate level and thereby suggestingatkes Wallenpaupack was classified as
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mesotrophic in 2010.

4.5. Secchi Disk Transparency & Chlorophyll-a

The transparency, or clarity, of a lake is most oftgported as the Secchi disk depth. This
measurement is taken by lowering a circular black-andewdisk, which is 20 cm (8 inches) in
diameter, into the water until it is no longer visibl@ebserved Secchi disk depths range from a few
centimeters in very turbid lakes to over 40 meters éndlearest known lakes (Wetzel, 1983).
Although somewhat simplistic and subjective, this fietthitoring method probably best represents
those lake conditions that are most often perceivddikayusers and the general public.

Secchi disk transparency is related to the transmissigght in water, and depends on both the
absorption and scattering of light. The absorption giftlin dark-colored waters reduces light
transmission. Light scattering is usually a more impafiector than absorption in determining Secchi
depths. Scattering can be caused by water discoloratimntbe presence of both particulate organic
matter (e.g., algal cells) and inorganic materials (sugpended clay particles).

In general, a lake is classified as oligotrophic, megdtic, eutrophic and hypereutrophic when
Secchi disk transparency values are greater than 4.0sinét@to 2.0 meters, 1.9 to 1.0 meters and
less than 1.0 meter, respectively (Nurnberg 2001).

Chlorophyll-a is a pigment that gives all plants thesregrcolor. The function of chlorophyll-a is
to convert sunlight to chemical energy in the processvkras photosynthesis. Because chlorophyll-a
constitutes about 1 to 2 percent of the dry weight of ptam&tlgae, the amount of chlorophyll-a in
a water sample is an indicator of phytoplankton biomassording to Nurnberg (2001), a lake is
generally classified oligotrophic, mesotrophic, eutrogmnd hypereutrophic when chlorophyll-a
concentrations are less than 3.5 ug/l, 3.5 to 9.0 ug/l, 926.® ug/l and greater than 25.0 ug/I
(micrograms per liter), respectively.

Lake Wallenpaupack

The 2010 mean Secchi disk transparency value for Lake \paillpack was 2.0 meters. Based
upon Nurnberg (2001), the lake is classified as highly mgsaitobut bordering on slightly
eutrophic. Secchi disk transparency values ranged from 2.5 toeters for all study dates. It should
be noted that the lowest transparency values occurred thik highest phytoplankton biomass levels
were recorded in the lake in July and October 2010 (Figure 4.5).

The 2010 mean chlorophyll-a concentration in Lake Wallepaek was 13.6 ug/L. Chlorophyll-a
concentrations ranged from 7.3 to 18.3 ug/L during the studydoekirording to the Nurnberg
criteria, the mean chlorophyll-a concentration intisaslightly eutrophic conditions.
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Table 4.4 Mean Secchi & Chlorophyll-a Values at Station 3 in 20

Secchi Disk Transparency Chlo(ruogp;lr;yll-a

(m)

2010 20 13.6

4.6. Total Suspended Solids

The concentration of total suspended solids in a lakaneasure of the amount of particulate
matter in the water column. Suspended solids include wgdne matter including phytoplankton
and inorganic materials like soil particles.

Lake Wallenpaupack

The 2010 mean total suspended solids concentrations focesarfd bottom waters are presented
in Table 4.5. The concentrations for surface and bottabers are considered low to moderately
low, respectively. These concentrations are typmaldke systems containing moderate levels of
aguatic productivity in the form of phytoplankton and/or sexhit loadings from the surrounding
watershed.

4.7. Phytoplankton & Zooplankton Biomass

The quantity of phytoplankton (free floating, microscamcatic plants commonly referred to as
algae) and macrophytes (vascular aquatic plants) are primedogical indicators of lake trophic
conditions. Small aquatic animals, namely zooplanktamaercroinvertebrates, graze upon algae and
fragments of aquatic plants. Larger invertebrates ahdHen consume the above grazers and to a
lesser extent, some aquatic plants.

Table 4.5 Mean Total Suspended Solids Concentrations at Stati 3 in 2010
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Total Suspended Solids
(mg/l)

Surface Bottom

2010 23 4.3

Information about the plankton community compositionsunctession is extremely useful when
attempting to gain a better understanding about variouptakéems. For example, eutrophic lakes
often support unbalanced phytoplankton communities charserdeby very large numbers of
relatively few species. The number of larger zooplanktitinend to decrease during periods when
blue-green algae are dominant. Conversely, oligotropkiesl and acidic lakes often have smaller
populations of both phytoplankton and zooplankton. Acidicdaigpically will also have lower
species diversity.

4.7.1. Phytoplankton

Phytoplankton are free floating, microscopic aquatic plémat have little or no resistance to
currents and live suspended in open water. Their formdbeayicellular, colonial or flamentous. As
photosynthetic organisms (primary producers), phytoplankton the base of aquatic food chain
and are grazed upon by zooplankton and herbivorous fish.

A healthy lake should support a diverse assemblage of pagtaph, in which many algal species
are represented. Excessive growth of a few speciesa#iyusndesirable. Such growth can result in
dissolved oxygen depletion during the night, when the alg®e raspiring rather than
photosynthesizing. Dissolved oxygen depletion also canrahortly after a massive “algal bloom”
due to increased levels of respiration by bacteria et snicroorganisms that are metabolizing dead
algal cells. Excessive growth of some species of afgécularly members of the blue-green group,
may cause taste and odor problems, release toxic scbstamthe water, or give the water an
unattractive green soupy or scummy appearance.

Planktonic productivity is commonly expressed in termdarfsity and biomass. Phytoplankton
densities are most frequently expressed as cells pditemnifcells/ml). Biomass is commonly
expressed on a mass per volume basis as micrograntepugll). Of the two, biomass provides a
better estimate of the actual standing crop of phytopdemit lake systems.

Lake Wallenpaupack
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The phytoplankton community in 2010 was represented by géoensseven different taxa:
Bacillariophyta (diatoms), Chlorophyta (green algae),ry&bphyta (golden-brown algae),
Cryptophyta (cryptomonads), Cyanophyta (blue-green aldgaajlenophyta (euglenoids), and
Pyrrhophyta (fire algae). The phytoplankton biomassksake Wallenpaupack ranged from 2,570 to
7,739 ug/L (micrograms per liter) for 2010, as shown in Figure#h8.highest phytoplankton
biomass value was reported in July of 2010. In general, playtikton biomass below 2,500 ug/l are
considered low, ranging from 2,500 to 7,500 ug/l are moderateglydanoderately high, ranging
from 7,500 to 10,000 ug/l are high and above 10,000 are considereliglerdiomasses often
exceeding 5,000 ug/l are perceived by many as “algal bloonditions.

Phytoplankton biomass peaked in July 2010 and was largely dechibgAphanizomenon
(Cyanophyte) andnabaena (Cyanophyte) as shown in Figure 4.3. As previously meadi, biomass
values for 2010, ranged from a minimum of 2,570 to a maximune\afl 7,739 ug/L (Figure 4.3).
Overall, the phytoplankton assemblages, with some a@roeghiring the months of July and October
of 2010, were considered moderately well distributed amoragdaring the 2010 study period.

2010 Phytoplankton Biomass in Lake Wallenpaupack (S  tation 3)

10,000
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8,000 *:
7,000 *:
6,000 ,:

5,000 +

Biomass (ug/l)

4,000 +
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T T T T T

5/24/2010 6/14/2010 7/20/2010 8/17/2010 9/14/2010 10/17/2010

Bacillariophyta Chlorophyta B Chrysophyta M Cryptophyta

B Cyanophyta B Euglenophyta Pyrrhophyta

Figure 4.3 Phytoplankton Biomass at Station 3 in 2010

Overall, the 2010 study year contained lower to averageuasiaf phytoplankton when
compared to the historical data. There are severallplavsasons for these differences. First, 2010
was a warmer and drier when compared to the same tineel §8ection 3). Secondly, different
aquatic biologists were retained for phytoplankton arsafiéentification, enumeration and analysis).
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4.7.2. Zooplankton

Zooplankton are suspended microscopic animals whose moiginea lake are primarily
dependent upon water currents. The zooplankton of freshe@isystems are dominated primarily
by four major groups: the protozoa, the rotifers anddwmlasses of crustacea, the cladocerans (i.e.,
water fleas) and the copepods. Zooplankton are generallies than 2 millimeters (one-tenth of an
inch) in size and primarily feed on algae, other zodtam and plant and animal particles.
Zooplankton grazing can have a significant impact on ptgtiton species composition and
productivity (i.e. biomass) through selective grazing (sige of zooplankton influences what size
phytoplankton are consumed) and nutrient recycling. Zoomlankte then consumed by fish,
waterfowl, aquatic insects, and others, thereby plagingal role in the transfer of energy from
phytoplankton to higher trophic levels.

Lake Wallenpaupack

Zooplankton communities in 2010 were represented by gewoendtiree different taxa: Rotifera
(rotifers), Copapoda (crustacean), and Cladoceran (ceasta Zooplankton biomass values between
May through October of 2010 are shown in Figure 4.4. Thisdignalicates to some degree the direct
relationship of phytoplankton and zooplankton populatiotisaraquatic food chain (Appendix B).
Zooplankton biomass will often increase shortly glfeytoplankton biomass increases. This complex
relationship can be dramatically impacted by a numbé&rabdrs including types of phytoplankton
species present, fish predation, and water qualityweisdocumented that many species of blue-
green algae are not highly edible by zooplankton. Undér @uaditions, zooplankton biomass will
often decrease although phytoplankton biomass increases.

The data suggests Copepods and Cladocerans dominated thaktongammunity throughout
the growing season of 2010. Similarly to the phytoplanktmogplankton populations were
considered fairly well distributed among taxa during the 2018viggp season. One interesting
observation was the lack of Protozoans found during the 20th@ugh at a low level, Protozoans
were represented in the 2009 data set.

Similar to Section 4.7.1, different aquatic biologists evestained for zooplankton analysis
(identification, enumeration and analysis. Therefdabpratory methodology differences (e.g.
subsampling and counting methods) may have accounted fensoiation when comparing data.
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2010 Zooplankton Biomass in Lake Wallenpaupack (Sta  tion 3)
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Figure 4.4 Zooplankton Biomass at Station 3 in 2010

4.8. Carlson’s Trophic State Index Values

The Trophic State Index (TSI) developed by Carlson (197afha@ng the most commonly used
indicators of lake trophic state. This index is actuadlynposed of three separate indices based on
measurements of total phosphorus concentrations, ghigk@ concentrations and Secchi disk
depths for many lakes. Total phosphorus was chosendandbx because phosphorus is often the
nutrient limiting for phytoplanktonic growth in lakes. Gtophyll-a is a plant pigment present in all
algae and is used to provide an indication of the bioofgdsytoplankton and Secchi disk depth is a
common measure of lake transparency.

As part of this study, TSI values were determined fal f@tosphorus, chlorophyll-a, and Secchi
depth data for each of the study dates. Total phosphoruserdoations, chlorophyll-a
concentrations, and Secchi disk depths were logaritHymzalverted to a trophic state scale ranging
from 1 to 100. Increasing values for the Trophic Stadexrare indicative of increasing lake trophic
states. In general, index values less 35 to 40 are inaiaatioligotrophic conditions, while index
values greater than 50 to 55 are indicative of eutrophiclakditions. The Pennsyivania Department
of Environmental Protection (PA DEP) classifies lkecording to the following: oligotrophic (less
than 40), mesotrophic (40 to 50), eutrophic (50 to 65) and hyjievghic (greater than 65) as noted
in its 2002 PA Water Quality Assessment 305(b) Report.
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Lake Wallenpaupack

The calculated 2010 mean Carlson TSI values for Secchi,depldrophyll-a, and total
phosphorus are presented in Table 4.6. The TSI valudsiéwophyll-a and total phosphorus suggest
that Lake Wallenpaupack is classified as slightly eutrofthie. Secchi depth transparency suggests
either highly mesotrophic or slightly eutrophic.

Overall, the TSI values for Secchi depth transparendychlorophyll-a were similar to the TSI
value for total phosphorus. This often occurs in lakasare phosphorus limiting. When divergence
occurs between the TSI values, more emphasis is placadhg®SI value for chlorophyll-a during
the summer months.

Table 4.6 Mean Carlson’s TSI Values at Station 3 in 2010

Trophic State Index (TSI) Values

Secchi Depth Chl-a Total P

2010 50 56 52

Note:  Mean TSI values determined by averaging the individual TSI values for each parameter during the 2010
study period.

4.9. Summary of Lake Assessment Data

Lake Wallenpaupack was classified as a slightly eutropkérveir in 2010. The mean Carlson
TSI values for total phosphorus, chlorophyll-a, and Setisk transparency were 52, 56, and 50,
respectively, for 2010.

The lake thermally stratified in 2010 and therefore issmmed a moderately deep, dimictic
reservoir (lake). Dimictic lakes are those lakes thatmally stratify during most of the growing
season (May through October). In this study, Lake Wadlapack was thermally stratified from May
through September. In turn, the dissolved oxygen condemisavere strongly stratified when the
lake was thermally stratified.

The lake was the most thermally stratified during thettm® of June, July and August in 2010.
As in the past, the dissolved oxygen levels rapidly deeewithin deeper lake waters (hypolimnion).
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The thermocline, which is the point where the tenfjpeeachange is the greatest, divides the
epilimnion (surface waters) and the hypolimnion (bottaaters), was located at a depth of
approximately 5 to 7 meters (16 to 23 feet) in June through Augus

Phytoplankton data indicate that blue-green algae (Cyatmpimere dominant during the
growing season. The most common genera Yphanizomenon andAnabaena. Further observation
concluded that zooplankton biomass generally increaseatlyshfter the phytoplankton biomass
increased. Zooplankton biomass often increased folpavsharp increase in phytoplankton biomass.
This is a typical response where zooplankton numbemsase to graze down the higher amounts of
phytoplankton biomass, thereby naturally balancing thuatic ecosystem.

Prepared by Aqua Link, Inc. 20



Lake Water Quality Monitoring Program for 2010
Lake Wallenpaupack Watershed Management District

5. Historical Lake Water Quality Trends

Aqua Link evaluated historical water quality data colleateldake Wallenpaupack from 1980
through 2010. Key water quality parameters that are discusSstiions 5.1 through 5.6 are total
phosphorus, total nitrogen, Secchi disk transparencyragiigll-a, plankton biomass (phytoplankton
and zooplankton), and Carlson Trophic State Index (Tédleg. Total phosphorus and total nitrogen
data are presented for surface (eplimnion) and bottopol(jhynion) waters.

The comparison of recently acquired data to past daterisonly referred to as “water quality
trend analysis”. Professional lake and water resouaregers commonly evaluate complex historical
water quality data using trend analysis. Overall, watelitgtieend analysis is a very powerful tool in
assessing whether lake water quality has improved, degradedhained unchanged over time.

Lake water quality trends for the key water quality paramsedre presented below graphically for
Station 3. Station 3, which is centrally located wattiie lake, has historically been used to describe
the overall water quality of Lake Wallenpaupack (SectianTée graphs contain annual mean
(average) concentrations and values for the key watditygo@arameters for the growing season
(May through October).

As observed in Figures 5.1 through 5.9, lake water quality efiges seasonally and annually
and these variations can be affected by numerous $antduding local climatological conditions. To
assess any water quality trends, “best fit” lines vastermined statistically using linear regression
and these lines were plotted on Figures 5.1 through 5.9.Idpes0f these regression lines were
used to assess the overall degree of water quality impenteor degradation in the lake.

5.1. Phosphorus

The mean total phosphorus concentrations from 1980 throughf@0%0Qrface and bottom
waters are shown in Figures 5.1 and 5.2, respectiveljtotdlgohosphorus levels in both surface and
bottom levels have slightly decreased in 2010. These otratien decreases may be attributed to
lower phosphorus loadings from the surrounding watershedot&sl in Section 3, the 2010 study
year was a relatively hot and dry as shown in Figurkai®d 3.2. In terms of trends, Figures 5.1 and
5.2 indicate that total phosphorus concentrations hawigliy decreased since 1980.

5.2. Nitrogen

The mean total nitrogen concentrations from 1980 through 2@ Bdirface and bottom waters
are shown in Figures 5.3 and 5.4, respectively. The méalmtvogen concentration for surface
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waters once again fell below 0.500 mg/L as N. Converdeynean total nitrogen concentration for
bottom waters reached its highest level since 1980rimstef trends, Figures 5.3 and 5.4 indicate
that total nitrogen concentrations in the lake haeglgally increased since 1980.

5.3. Secchi Transparency

The mean Secchi disk transparency from 1980 through 2010 isshdigure 5.5. The mean
Secchi depth slightly decreased in 2010. In terms of tr&iglg;e 5.5 indicates that lake transparency
has steadily improved since 1980.

5.4. Chlorophyll-a

The mean chlorophyll-a from 1980 through 2010 is shown in Figy6rel he mean chlorophyll-a
concentration slightly increased in 2010, but still ree@ibelow 15.0 ug/L. In terms of trends,
Figure 5.6 shows that chlorophyll-a concentrations lségbtly increased since 1980.

5.5. Phytoplankton & Zooplankton Biomass

The mean phytoplankton and zooplankton biomass from 1980gh2010 is shown in Figures
5.7 and 5.8, respectively. Similar to chlorophyll-a, Figuieshows that phytoplankton biomass has
slightly increased since 1980. Conversely, the zooplarktonass has widely fluctuated and only a
slight decrease in biomass was observed over the pgetfil

Although the biomass has slightly increased, blue-greemndmce (more species diversity)
appears to be decreasing as shown in Figure 5.7. As notgection 5.3, this change in the
phytoplankton community may be related to decreasesalyioosphorus (Figures 5.1 and 5.2) and
increases in total nitrogen (Figures 5.3 and 5.4). In gkneigher nitrogen to phosphorus
concentration ratios in lakes often favor green (€igbyta) over blue-green algae resulting in more
species diversity and improved water clarity and aestheti

5.6. Carlson Trophic State Index Values

The mean Carlson Trophic State Index (TSI) valueddtal phosphorus, chlorophyll-a, and
Secchi depth transparency from 1980 through 2010 is shown ire5i§L8. As expected, the total
phosphorus and Secchi transparency have gradually improtée ,chorophyll-a has marginally
increased over the past 31 years.
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Figure 5.5 Historical Secchi Disk Transparency
Chlorophyll-a Concentrations - Lake Wallenpaupack
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Figure 5.6 Historical Chlorophyll-a Concentrations
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Total Phytoplankton Biomass vs Cyanophyta Biomass
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Figure 5.7 Historical Phytoplankton Biomass
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Figure 5.8 Historical Zooplankton Biomass
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Historical Carlson's TSI Values for Lake Wallenpaup  ack
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Figure 5.9 Historical Carlson’s TSI Values

5.7. Summary of Historical Lake Data

Based upon trend analysis, the water quality of Lake Wadlepack has generally improved since
1980. Total phosphorus concentrations in surface and batébens and Secchi transparency (water
clarity) have gradually improved over the past 31 yearsohtrast, total nitrogen concentrations in
surface and bottom waters marginally increased along w@htorophyll-a concentrations and
phytoplankton biomass. The least amount of change wasdplankton biomass, where only a slight
decrease in biomass was observed over time.

It should be noted that water clarity (Secchi transpafeactually improved even though
chlorophyll-a concentrations and phytoplankton biomas®ased. Improved water clarity may be
related to a shift in the phytoplankton community, whewesance blue-green algal dominance
appears to be decreasing. This shift may be attribatéedreases in total phosphorus and increases
in total nitrogen in the lake. In general, higher rg&o to phosphorus concentration ratios in lakes
often favor green (Chlorophyta) over blue-green (Cyaykaplalgae.
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6. Conclusions and Recommendations

Lake Wallenpaupack was classified as a slightly eutropkérveir in 2010. The mean Carlson
TSI values for total phosphorus, chlorophyll-a, and Setisk transparency were 52, 56, and 50,
respectively, for 2010. The lake was thermally stratified010 from May through September. In
turn, the dissolved oxygen concentrations were strostgitiied when the lake was thermally
stratified.

The lake was the most thermally stratified during thettm® of June, July and August in 2010.
As in the past, the dissolved oxygen levels rapidly dseewithin deeper lake waters (hypolimnion).
The thermocline, which is the point where the tenmpeeachange is the greatest, divides the
epilimnion (surface waters) and the hypolimnion (botteaters), was located at a depth of
approximately at 5 to 7 meters (16 to 23 feet) in June thréughst.

Phytoplankton data indicate that blue-green algae (Cyatedmg dominant during the months
of July through October in 2010. The most common genera Ayanizomenon andAnabaena.
Further observation concluded that zooplankton biomasgemeral, increased shortly after the
phytoplankton biomass increased.

Based upon trend analysis, the water quality of Lake Wadlepack has generally improved since
1980. Total phosphorus concentrations in surface and batébens and Secchi transparency (water
clarity) have gradually improved. Total nitrogen concatidns in surface and bottom waters
marginally increased along with chlorophyll-a concemares and phytoplankton biomass.

Over the past 31 years, water clarity (Secchi tranapgy@creased although chlorophyll-a and
phytoplankton biomass have slightly increased. This apptarbe related to a shift in the
phytoplankton community, where blue-green algal dominasdess prevalent. The shift in the
phytoplankton community may be attributed to decreasesahphosphorus and increases in total
nitrogen in the lake. In general, higher nitrogen to phosus concentration ratios in lakes often
favor green (Chlorophyta) over blue-green (Cyanophygaeaesulting in more species diversity and
improved water clarity and aesthetics.

Based upon the above conclusions, Aqua Link offers thewinlg recommendations to the
District:

1. Aqua Link should be retained to analyze future lake wguality data and
prepare future annual lake reports. All lake water quality datuld be entered
into the newly created historical lake water qualityadase, as developed by
Aqua Link, and subsequently analyzed by Aqua Link.
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2. Aqua Link should be retained by the District to assisall future lake
monitoring activities. Aqua Link would be responsible doflecting allinsitu
water quality data using our instrumentation and data loggers.

3. ECM, Inc. should be retained as the contract labordor all water quality
analysis. ECM will be responsible for analyzing waamples for the following
parameters: alkalinity, total phosphorus, dissolved neagtihosphorus, total
Kjeldahl nitrogen, ammonia, nitrate, nitrite, totalspended solids and
chlorophyll-a. The District should request that ECM ukklathod Detection
Limits (MDL) as established by Aqua Link for the 2010 lakenitoring
program.

4. All phytoplankton and zooplankton samples should continbe &nalyzed using
the same methods used by Dr. Kenneth Wagner. All plamkdtanshould be sent
directly to Aqua Link in a Microsoft Excel format, tledry allowing us to easily
import any newly acquired data into the water quality degalfor data analysis.

5. The lake should continue to be monitored at Staticansd35. These stations
should be monitored at least monthly from May througto@er. On each study
date at each stationnsitu water quality data (pH, dissolved oxygen,
temperature, conductivity, specific conductance, totsbtlied solids, and ORP)
should be collected at one-meter intervals throughout/étter column. Secchi
disk transparency should also be measured and recorded.

6. Lake water samples should be collected at two samplpitpsiésurface and
bottom) at each lake station. Surface water qualitytshould be collected
and analyzed for the following parameters: alkalingyatphosphorus, dissolved
reactive phosphorus, total Kjeldahl nitrogen, ammoniaate, nitrite, total
suspended solids and chlorophyll-a. Bottom water qualitypesmwill be
collected and analyzed for the following parametersiiaila total phosphorus,
dissolved reactive phosphorus, total Kjeldahl nitrogemanta, nitrate, nitrite,
and total suspended solids. In addition, lake water santpeddsbe collected
for phytoplankton and zooplankton analysis. Phytoplankaomptes should be
collected as composited samples of the photic zone -edefstwice the Secchi
depth. Zooplankton samples should be collected as vedieal of the entire
water column with a 80 micron plankton net.
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