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EXECUTIVE SUMMARY

Lake Wallenpaupack, a 5,700-acre reservoir, is an extreraklgble multi-recreational and
economic resource for Northeastern Pennsylvanialakieds 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 2011, the Lake Wallenpaupack Watershed Management tistamed Aqua Link to
analyze the 2011 lake water quality data and prepare the 2011 @para As part of this report,
Aqua Link also compared the 2011 data to the historical ddlexied from 1980 through 2010 to
determine whether lake water quality has improved or dedrader the past 32 years.

Lake Wallenpaupack was classified as a boarder line nogduadr- eutrophic reservoir in 2011.
The mean 2011 Carlson TSI values for total phosphorusogtigll-a, and Secchi disk transparency
were 47, 56, and 48, respectively. The lake was thermadififistd in 2011 from May through
September. In turn, the dissolved oxygen concentratiens strongly stratified when the lake was
thermally stratified. Phytoplankton data indicate tha¢tgreen algae (Cyanophyta) were dominant
during most of the growing season. The most common gerezegnabaena, Aphanizomenon, and
Pseudanabaena. Zooplankton biomass remained low in 2011 and may bedeia intense grazing
pressure of larger zooplankton by predators (planktivorshk fi

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 32 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 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.

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 Pennsylvanialakieds 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 #lelwas 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 2011, the Lake Wallenpaupack Watershed Managementtjistrieinafter referred to as
the LWWMD) retained Aqua Link to analyze the 2011 lake wagtelity data and prepare this
report, which provides our conclusions and recommenda#ansart of this report, Aqua Link also
compared the 2011 to the historical data collected from 1980dgh 2010 to determine whether lake
water quality has improved or degraded over the past 32 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 gugditabase 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

Aqua Link and LWWMD monitored the water quality of Lake Wapaupack in 2011. The lake
was monitored at Stations 3 and 5 in 2011 (Figure 2.1). Thesgamng stations were monitored
once a month during May through October.

In 2011,insitu data were collected at the designated lake stationsabnséudy date. Thege
situ water quality data were measured and recoiddeslitu water quality data (pH, dissolved oxygen,
temperature, conductivity, specific conductivity, and oxidateduction potential) were measured
and recorded simultaneously using a YSI Model 600XL Sonde #& &00D data logger. These
data were collected at one-meter intervals fromtiniace to the bottom of the lake at each station.
In addition, Secchi disk transparency (water clarity3 weasured and recorded using a standard 8-
inch (20 cm) freshwater Secchi disk at the lake statonsach study date.

In 2011, 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

Prepared by Aqua Link, Inc. 2
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samples were collected one meter (3.3 feet) aboveak@edediments. All water samples were
collected using a Kemmerer water sampler unit. Onceatel, all water samples were placed in
bottles, preserved accordingly in the field, and theppsid 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 phosphanitisgte, 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.

s s & b . T Ly, " /
/ i .-Cl L ! kY o
& 3 £ Station1 L 5 ,
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= ; R R o
‘\._}' Station 2

% f ) T Eppl Islfmd
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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 and zooplankton samples were preservedfialthend subsequently analyzed by Dr.
Kenneth Wagner of Wilbraham, Massachusetts.

3. Local Climatological Data

Aqua Link acquired and analyzed local climatological dataiclwlare representative for
Northeastern Pennsylvania (Figures 3.1 and 3.2). Ov2@dlll was considered a warm, wet year
when compared to data presented over the past 32 yefadt, 2011 recorded the highest amount
of precipitation in the past 32 years. Much of this pigation fell during the months of August and
September, which is somewhat unusual for the region.

Figure 3.1 shows the average (mean) air temperaturekefayrowing season (May through
October) from 1980 through 2011. 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 2011. Annual precipitation
data was obtained via the Internet at the NOAA natievreather service website. Precipitation
measurements (recorded in inches) were report for AR@ansylvania from 1980 through 2011.

Prepared by Aqua Link, Inc. 4
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Figure 3.1 Historical Air Temperature Data in the Lake Wallenpaupack Region
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4. Lake Water Quality Data Results for 2011

The water quality data for Lake Wallenpaupack in 2011 are pgegbsirthis section of the report.
As discussed in Section 2, the lake was monitored abf¢a® and 5 in 2011 (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 growasgsg@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 2011 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 conditiowsarmer 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#igance 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 ammouwoggenijtirom 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 2011 water temperature and dissolved oxygen profile datzake Wallenpaupack are
graphically presented in Figures 4.1 through 4.2. The maximuar wepth at Station 3 was 12.75
meters (41.8 feet) in 2011. The lake was strongly, therstadlyified during the months of June, July,
and August. Moderate thermal stratification was obsan/thy (Figure 4.1). Figure 4.2 shows that
dissolved oxygen levels rapidly decreased within deepewnlaters (hypolimnion). The thermocline,
which is the point where the temperature change igjtéatest, divides the epilimnion (surface
waters) and the hypolimnion (bottom waters), wastkatat a depth of approximately 4 to 7 meters
(13 to 23 feet) during the period of June through August.

Prepared by Aqua Link, Inc. 7



Lake Water Quality Monitoring Program for 2011
Lake Wallenpaupack Watershed Management District

2011 Water Temperature Profiles in Lake Wallenpaupa ck (Station 3)
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Figure 4.1 Water Temperature Profiles at Station 3 in 2011
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Figure 4.2 Dissolved Oxygen Profiles at Station 3 in 2011
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4.2. pH & Alkalinity

The pH and alkalinity of water are directly related twe another. In general, as alkalinity
increases, the pH of the water also increases. Gidéyaor basicity of a solution is most often
expressed as pH. The term pH is defined as the logarittiva ceciprocal (or its negative logarithm)
of the hydrogen ion concentration. Therefore, a oitechiange in pH represents a ten-fold increase
or decrease in the hydrogen ion concentration (as pkeases, the hydrogen ion concentration
increases). The pH scale ranges from 0 to 14 standardwirete a value of 7 indicates neutral
conditions. Water becomes more acidic when pH vallldefaw 7 and more basic when pH values
rise above 7. In general, most natural waters usually &agpH values between 6.5 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 hydragmhaluminum concentrations induce the
leaching of sodium and chloride ions from the body fluidgsh 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

Prepared by Aqua Link, Inc. 9
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Lake Wallenpaupack

The 2011 mean pH values for surface and bottom watersesmenped in Table 4.1. Overall, the
surface and bottom waters are considered to be réyateetral. The slightly higher mean values for
the surface waters were due to increased levels of phdteesis by phytoplankton in the epilimnion
(surface waters).

The mean alkalinity concentrations for surface antbibotvaters in 2011 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 rainlic@cinoff 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 in2011

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

Surface Bottom Surface Bottom

2011 7.46 6.76 10.6 13.8

4.3. Phosphorus

Total phosphorus represents the sum of all forms of pleogphTotal phosphorus includes
dissolved and particulate organic phosphates (e.g., algaetl@daquatic 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 affectatidgaily phosphorus loadings to a lake, while
soluble orthophosphate levels are largely affecteddal ebnsumption during the growing season.

Based on criteria established by Nurnberg (2001), a lala&sisified as oligotrophic, mesotrophic,
eutrophic and hypereutrophic when surface total phosphongetrations are less than 0.010 mg/l
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as P, 0.010 to 0.030 mg/l as P, 0.031 to 0.100 mg/l as P and greetdy.160 mg/l as P,
respectively.

Lake Wallenpaupack

The 2011 mean total phosphorus concentrations for surfildectom waters were 0.020 and
0.048 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 Lakeelgallpack is classified as mesotrophic in
2011.

The 2011 mean dissolved reactive phosphorus concentrationgface and bottom waters were
0.004 and 0.020 mg/L as P, respectively (Table 4.2). Extreawlgissolved 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 2011

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

Surface Bottom Surface Bottom

2011 0.020 0.048 0.004 0.020

4.4. Nitrogen

Nitrogen compounds are also important for the growth epbduction of phytoplankton and
aquatic macrophytes. The common inorganic forms obgdn in water are nitrate (NQ nitrite
(NO,) and ammonia (NgJ. In water, ammonia is present primarily as ammoniH,") 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
concentrations. Nitrate is the form usually found irfeze waters, while ammonia is only stable
under anaerobic (low oxygen) conditions. Nitrite isimbermediate form of nitrogen, which is
generally considered unstable. Nitrate and nitrite firefeto as total oxidized nitrogen) are often
analyzed together and reported as3;NONO,-N, although nitrite concentrations are usually
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insignificant as noted previously. Total Kjeldahl nitrag@KN) concentrations include ammonia and
organic nitrogen (both soluble and particulate formsya@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 0.680as 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 2011 mean total nitrogen, total Kjeldahl nitrogen (JKiNtrate plus nitrite nitrogen, and
ammonia nitrogen concentrations for surface and bottatars are presented in Table 4.3. Overall,
the 2011 mean total nitrogen concentration for the bott@ters was moderately higher than the
mean concentration for the surface waters. This higalee 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 (sesioztaining no dissolved oxygen).

Table 4.3 Mean Nitrogen Concentrations at Station 3 in 2011

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

2011 0.421 0.632 0.375 0.523 0.046 0.109 0.062 0.160

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
mesotrophic in 2011.
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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 visidEserved 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, eutromnd 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 2011 mean Secchi disk transparency value for Lake \paillpack was 2.3 meters. Secchi
disk transparency values ranged from 1.5 to 3.1 meters| fstudy dates. Based upon Nurnberg
(2001), the lake is classified as mesotrophic.

The 2011 mean chlorophyll-a concentration in Lake Wallepaek was 13.6 ug/L. Chlorophyll-a
concentrations ranged from 6.7 to 20.7 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 2011

Secchi Disk Transparency Chlorophyll-a

(m) (ug/l)

2011 23 13.6

4.6. Total Suspended Solids

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

Lake Wallenpaupack

The 2011 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 sexiit loadings from the surrounding
watershed.

Table 4.5 Mean Total Suspended Solids Concentrations at Stati 3 in 2011

Total Suspended Solids
(mg/l)

Surface

2011 3.3 4.2
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4.7. Phytoplankton & Zooplankton Biomass

The quantity of phytoplankton (free floating, microscamciatic 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.

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. Acidicdakpically 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 formbeayicellular, 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 pditenifcells/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.
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Lake Wallenpaupack

The phytoplankton community in 2011 was represented by géoenaseven 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 biomassesake Wallenpaupack ranged from 889 to
8,297 ug/L (micrograms per liter) for 2011, as shown in Figure#h8.highest phytoplankton
biomass value was reported in August of 2011. In general, agtdon biomass below 2,500 ug/I
are considered low, ranging from 2,500 to 7,500 ug/l are model@ateio moderately 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 August 2011 and was largely dedibg Anabaena
(Cyanophyte), butabellaria (Bacillariophyta) also had significant biomass duringést, as shown
in Figure 4.3. It should also be noted tBatedra (Bacillariophyta) was dominant in May and June.
As previously mentioned, biomass values for 2011, rangeddrommimum of 889 to a maximum
value of 8,297 ug/L (Figure 4.3). Overall, the phytoplanktonraSisgies, with some exception
during the months of May, June, and August of 2011, were coedideoderately well distributed
among taxa during the 2011 study period.

2011 Phytoplankton Biomass in Lake Wallenpaupack (S  tation 3)
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Figure 4.3 Phytoplankton Biomass at Station 3 in 2011
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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 2011 were represented by gewoenddur different taxa: Protozoa
(protozoans), Rotifera (rotifers), Copapoda (crustaceaual) Cladoceran (crustacean). Zooplankton
biomass values between May through October of 2011 avenshd-igure 4.4.

2011 Zooplankton Biomass in Lake Wallenpaupack (Sta  tion 3)
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5/16/2011 6/14/2011 7/12/2011 8/16/2011 9/19/2011 10/18/2011

Protozoa M Rotifera Copepoda Cladoceran

Figure 4.4 Zooplankton Biomass at Station 3 in 2011
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Similarly to the phytoplankton, zooplankton populationsen@rnsidered fairly well distributed
among taxa during the 2011growing season as shown in Figuieatiérs were most abundant
during the months of May and July. Cladoceran and Copepathbfowas at their highest in June
and September, respectively.

4.8. Carlson’s Trophic State Index Values

The Trophic State Index (TSI) developed by Carlson (197afhang 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. @tophyll-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 logaritHymealverted to a trophic state scale ranging
from 1 to 100. Increasing values for the Trophic Statexade indicative of increasing lake trophic
states.

In general, trophic state index values less 35 to 40 dicative of oligotrophic conditions, while
index values greater than 50 to 55 are indicative of euttdgké conditions. The Pennsylvania
Department of Environmental Protection (PA DEP) sifes lakes according to the following:
oligotrophic (less than 40), mesotrophic (40 to 50), eutrgico 65) and hyper-eutrophic (greater
than 65) as noted in its 2002 PA Water Quality Assessmenb)3Bgport.

Lake Wallenpaupack

The calculated 2011 mean Carlson TSI values for Secchi,depldrophyll-a, and total
phosphorus are presented in Table 4.6. The total phosphatuSeachi depth transparency TSI
values suggest mesotrophic conditions, while the TSI sdrechlorophyll-a suggest eutrophic.
Based upon the above, Lake Wallenpaupack is best classfiszhrder line mesotrophic — eutrophic.
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Table 4.6 Mean Carlson’s TSI Values at Station 3 in 2011

Trophic State Index (TSI) Values

Secchi Depth Chl-a Total P

2011 48 56 47

Note:  Mean TSI values determined by averaging the individual TSI values for each parameter during the 2011
study period.

4.9. Summary of Lake Assessment Data

Lake Wallenpaupack was classified as boarder line mesatreutrophic reservoir in 2011.
The mean Carlson TSI values for total phosphorus, @plofl-a, and Secchi disk transparency were
47,56, and 48, respectively, for 2011. The TSI values forpbtaphorus and Secchi depth indicate
highly mesotrophic conditions, while the TSI value latbcophyll-a indicate eutrophic conditions.

The lake thermally stratified in 2011 and therefore isswmamed 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 condemtsavere strongly stratified when the
lake was thermally stratified.

The lake was the most thermally stratified during thetim®of June, July and August in 2011. As
in the past, the dissolved oxygen levels rapidly decreaibkith deeper lake waters (hypolimnion).
The thermocline, which is the point where the tenfpeeachange is the greatest, divides the
epilimnion (surface waters) and the hypolimnion (botteaters), was located at a depth of
approximately 4 to 7 meters (13 to 23 feet) during the periddmé through August.

Phytoplankton data indicate that blue-green algae (Cyat@phgre dominant during most of
the growing season. The most common genera waiabaena, Aphanizomenon, and
Pseudanabaena.
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5. Historical Lake Water Quality Trends

Aqua Link evaluated historical water quality data colleateldake Wallenpaupack from 1980
through 2011. 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 resouategers 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 throughl&k®, water quality often varies
seasonally and annually and these variations canféetesd by numerous factors including local
climatological conditions. To assess any water qualgnds, “best fit” lines were determined
statistically using linear regression and these liresg\plotted on Figures 5.1 through 5.9. The slopes
of these regression lines were used to assess thall @egree of water quality improvement or
degradation in the lake.

5.1. Phosphorus

The mean total phosphorus concentrations from 1980 throughf@O%uirface and bottom
waters are shown in Figures 5.1 and 5.2, respectivelytoftakphosphorus levels in surface and
bottom waters slightly decreased and increased, respigcin/2011. Interms of trends, Figures 5.1
and 5.2 indicate that total phosphorus concentrationsdradeially decreased since 1980.

5.2. Nitrogen

The mean total nitrogen concentrations from 1980 through 2@ klirface and bottom waters
are shown in Figures 5.3 and 5.4, respectively. The meéamitvogen concentration for surface
waters once again fell below 0.500 mg/L as N. Furtherntbeamean total nitrogen concentration
for bottom waters decreased and returned to a more ltigpiebof 0.632 mg/L as N. In terms of
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trends, Figures 5.3 and 5.4 indicate that total nitrogenecdrations in the lake have gradually
increased since 1980.

5.3. Secchi Transparency

The mean Secchi disk transparency from 1980 through 2011 isshdigure 5.5. The mean
Secchidepth slightly increased in 2011. In terms of trdfigare 5.5 indicates that lake transparency
has steadily improved since 1980.

5.4. Chlorophyll-a

The mean chlorophyll-a from 1980 through 2011 is shown in Figy6tel he mean chlorophyll-a
concentration in 2011 was similar to 2010, but still renthlmelow 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 valuesl®8tthrough 2011 are shown in
Figures 5.7 and 5.8, respectively. Both phytoplankton and adktpin biomass values fell in 2011
and were at their lowest since 2009. Overall, Figures 5752 show that phytoplankton and
zooplankton biomass values have fluctuated widely since 188@rms of trends, the plotted
regression lines suggest that phytoplankton and zooplanidorass have slightly increased and
decreased, respectively, over the past 32 years. Zooptabkimass decreases may be related to
more intense grazing pressure by predators (planktivorsh)s fi

It is interesting to note that blue-green algal bionf{@&mnophyta) increased at a slower rate
when compared to total phytoplankton biomass (Figure 5.&) the past 32 years. As noted in
Section 5.3, lower blue-green dominance may be relatedetweases in total phosphorus
concentrations (Figures 5.1 and 5.2) and increases imttajen concentrations (Figures 5.3 and
5.4). In general, higher nitrogen to phosphorus concemtratitios in lakes often favor green
(Chlorophyta) over blue-green algae (Cyanophyta) reguttimore species diversity and improved
water clarity and aesthetics.

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 2011 is shown ire5i§L8. As expected, the total
phosphorus and Secchi transparency have gradually improtaéel,chMorophyll-a has marginally
increased over the past 32 years.
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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
Station 3
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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 32 yearsohtrast, total nitrogen concentrations in
surface and bottom waters marginally increased along w@htorophyll-a concentrations and
phytoplankton biomass. Zooplankton biomass has steadilea®ed over the years and may be
related to more intense grazing pressure of larger zddplaby predators (planktivorous fish).

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 ry&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 boarder line nogduadr- eutrophic reservoir in 2011.
The mean Carlson TSI values for total phosphorus, @plofl-a, and Secchi disk transparency were
47, 56, and 48, respectively, for 2011. The lake was thermallyfied in 2011 from May through
September. In turn, the dissolved oxygen concentratiens strongly stratified when the lake was
thermally stratified.

The lake was the most thermally stratified during thettm® of June, July and August in 2011.
As in the past, the dissolved oxygen levels rapidly dseewithin deeper lake waters (hypolimnion).
The thermocline, which is the point where the tenpeeachange is the greatest, divides the
epilimnion (surface waters) and the hypolimnion (botteaters), was located at a depth of
approximately 4 to 7 meters (13 to 23 feet), during the pefiddree through August.

Phytoplankton data indicate that blue-green algae (Cyatemg dominant during the months
of July through October in 2011. The most common generaAvabaena, Aphanizomenon, and
Pseudoanabaena. Zooplankton biomass remained low in 2011 and may beddatintense grazing
pressure of larger zooplankton by predators (planktivorshk fi

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 32 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. The District should continue to retain Aqua Link tolgrefuture lake water
guality data and prepare future annual lake reports. All laktenguality data
would be entered into the newly created historical\edkier quality database, as
developed by Aqua Link, and subsequently analyzed by Aqua Link.
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2. The District should continue to retain Aqua Link toisise all future lake
monitoring activities. As in 2010, Aqua Link would be resploledor collecting
all instu water quality data using our instrumentation and data loggers

3. The District should continue to retain ECM, Inctlascontract laboratory for
all water quality analysis. ECM will be responsible &malyzing water samples
for the following parameters: alkalinity, total phosplsrdissolved reactive
phosphorus, total Kjeldahl nitrogen, ammonia, nitraiteifen total suspended
solids and chlorophyll-a. The District should request BE@M use all Method
Detection Limits (MDL) as established by Aqua Link fdre 2010 lake
monitoring 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, ammonizate, 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 veudieal of the entire
water column with a 80 micron plankton net.
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