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OVERVIEW

The Lake Somerset Property Owners Association (LSPOA) authorized KIESER & ASSOCIATES, LLC
(K&A) to conduct limited water quality sampling, data analysis and reporting on Lake Somerset for 2011.
This work is a continuation of that performed annually from 1992-2010 by Water Quality Investigators
(WQI) of Dexter, Michigan. LSPOA recognized the utility of maintaining and building a long-term
record of water quality in Lake Somerset.

Lake Somerset is located in Hillsdale County, Michigan in Sections 1, 2, 11 and 12, Somerset Township.
The lake was created in 1968 when Goose Creek was dammed by American Central Corporation (WQI,
2004). Lake Somerset has a surface area of approximately 189 acres with two inlets into the lake: Goose
Creek from the west and a small unnamed drain from the south. The residences on Lake Somerset are all
served by septic systems. Stormwater runoff enters the lake through roadway ditches and culverts, as
well as direct overland flow.

K&A conducted water quality sampling both at stations located in-lake and at the inlets to evaluate the
current conditions and identify potential sources of pollution. This report summarizes the sampling
conducted and the results and findings. The report also highlights recommendations for the LSPOA
based on the findings and data from 2011 sampling and historical sampling.

WATER QUALITY SAMPLING

K&A was contracted to collect water samples from three in-lake sites at Stations 1, 2, and 3 (Figure 1)
and three inlet sites (one in the small unnamed drain at Station 5 and two upstream on Goose Creek, with
Station 4 just upstream of the rock dam and Station 6 located in Somerset Center). These sampling
locations are consistent with those sites sampled by WQI from 1992-2010. The 2011 samples were
collected by K&A on May 3 and September 13, 2011.

The collected lake and inlet samples were analyzed for total phosphorus (TP), total nitrate-nitrogen
(NOsy), total alkalinity, pH, conductivity, dissolved oxygen (DO) and temperature. In addition, the three
in-lake sites (Stations 1, 2 and 3) were analyzed for chlorophyll a; Secchi disk depth was also measured.
The TP, NO;, alkalinity and chlorophyll a analyses were conducted at Bio-Chem Laboratories, Inc., in
Grand Rapids, Michigan. (Laboratory analytical results are presented in the Appendix). Field parameters
of pH, conductivity, DO, temperature and Secchi disk depth were measured on-site by K&A staff.

Parameters

A discussion of the water quality parameters examined in this study is provided here to illustrate the value
of these measures with respect to water quality characterization.

Total Phosphorus

Both algae and aquatic plants require a wide range of nutrients for growth. The nutrient that is typically
in shortest supply with respect to aquatic plant and algal growth is termed the “limiting nutrient”. This
term implies that the relative unavailability of this particular nutrient will limit plant growth. In most
freshwater ecosystems phosphorus is typically the limiting nutrient. Therefore, increases in phosphorus
will inevitably lead to increases in nuisance plant and algae growth (especially blue-green algae).
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The form of phosphorus most often used for general assessments of lake water quality is TP. Measured
concentrations of TP in lake water can be used to determine the trophic status of the lake based on
scientific data compiled for other similar inland lakes. The term “trophic state” refers to the level of
primary productivity (i.e., algal growth) in an aquatic system. The three trophic states include
“oligotrophic”, “mesotrophic” and “eutrophic”, which correspond to low, medium and high levels of
productivity, respectively.

Nitrate-Nitrogen

Nitrates occur naturally in soil and water, though excess levels of nitrates can be considered to be a
contaminant of ground and surface waters. This form of nitrogen is readily utilized by plants and algae,
promoting vegetation growth. Most sources of excess nitrates come from human activities. The source of
excess nitrates can usually be traced to agricultural activities, human wastes or industrial pollution.

In addition to animal waste, untreated human sewage can contribute to nitrate levels in surface and
ground water. Leaking or poorly functioning septic systems can be a source of such nitrates. Although
having excess nitrates is usually associated with some type of human activity, excess nitrates can come
from natural sources. A good example of this is the presence of large numbers of birds that might live in
or around a body of water. Bird excretions that get into the water can create large amounts of nitrates.

Alkalinity

Alkalinity is a measure of the acid-neutralizing or “buffering” capacity of water. The higher the lake’s
alkalinity, the greater the resistance to a change in pH. Alkalinity is commonly influenced by carbonates
(CO3) and bicarbonates (HCO,). Natural alkalinities for lakes fall within the range of 20 to 200 mg/L
calcium carbonate (CaCO,).

Chlorophyll a
Algae concentrations are often measured in terms of chlorophyll a, a pigment used by algae for

photosynthesis. The more algae present within a lake system, the higher the measurable chlorophyll a
content. Lakes with summer chlorophyll a concentrations less than 7 ug/l (parts per billion) are defined
as oligotrophic. Lakes with chlorophyll a between 7 and 12 ug/l are mesotrophic, while lakes with
concentrations greater than 12 pg/l are considered eutrophic (Thomann and Mueller, 1987).

Secchi Disc Transparency

The Secchi disc transparency is the depth at which a Secchi disc (a flat white or black and white platter
approximately 20 centimeters in diameter) suspended into a lake disappears from the investigator's site.
This measure has been correlated with total phosphorus and chlorophyll a values in classifying lakes
according to their trophic state. In general, the greater the Secchi disc transparency, the lower the
productivity of the water body.

Dissolved Oxygen and Temperature

It is important to understand DO conditions in a lake as they provide a reliable indication of its health. A
sufficient supply of DO in lake water is necessary for most forms of desirable aquatic life. Increased
algal growth associated with nutrients added to the lake can lead to severe decreases in DO, especially in
the cooler bottom waters of a lake during periods of temperature stratification. This drop in oxygen is
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due, in part, to dead algae and other organic matter (such as rooted plant material broken away from
shoreline areas and leaves, grass and other plant debris washed in from storm drains) settling to the
bottom of the lake and decaying. This decay is a process that consumes oxygen. As materials accumulate
at the bottom of a lake, these new sediments place a continuous demand on oxygen supplies in the
overlying waters (referred to as “sediment oxygen demand”). The DO impacts are most often observed
during periods of temperature stratification in warmer summer months, and to a lesser degree, under
winter ice cover conditions. Measuring DO and temperature with depth and throughout various seasons
of the year, therefore, provides for: 1) an assessment of the general physical conditions in the lake, and; 2)
a characterization of habitat conditions.

Dissolved oxygen levels and temperature were measured by K&A using a YSI 55 dissolved oxygen meter
that was calibrated to saturated air conditions prior to use.

pH

The concentration of hydrogen ions in a particular sample is expressed as the pH value. Waters with a pH
value below 7.0 are considered generally acidic while values over 7.0 are generally termed basic. Lakes
typically experience a change in pH level over the course of a day with photosynthetic processes
occurring in rooted plants and algae during the daylight hours, raising the pH (removing CO,) and
respiration and decomposition processes occurring in the evening hours lowering pH (producing CO,).
Since pH is measured on a logarithmic scale, a change of one pH unit corresponds with a ten-fold change
in concentration. Aquatic biota generally requires an environment with pH values between 5-9 (Allen,
1995). In addition to the direct effects on biota, low pH values can also result in the mobilization of toxic
metals that may be bound to sediments under higher pH conditions.

K&A measured pH using an Oakton pH Tester 3 probe. The probe was calibrated using appropriate
standard solutions prior to use.

Conductivity

Conductivity, or specific conductance, is the measure of the flow of electrons through water. This value
relates to the total dissolved ion level, which is basically a measure of dissolved salts present in a
solution. Conductivity can serve as an indicator of septic system or road salt inputs.

K&A measured conductivity at the Lake Somerset sites with a Eutech Ectestr Low handheld conductivity
meter. In this study, conductivity is reported as specific conductance, the temperature-compensated
conductivity measurement reported by the Eutech meter.

RESULTS

K&A collected samples from Lake Somerset Stations 1-6 on May 3 and September 13, 2011. The results
from the K&A 2011 water quality sampling were compiled with the historic WQI water quality data to
continue a consistent record of Lake Somerset water quality. Graphs of historic WQI water quality data
along with 2011 K&A data are presented in Figures 2-22. Consistent WQI spring and summer water
quality data are available from 1992-2010 for in-lake sites at Stations 1, 2 and 3. Consistent WQI inlet
sampling sites at Stations 4, 5 and 6 were reported from 1996-2010. All compiled water quality data are
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shown in Table 1.

Total Phosphorus

The TP concentrations for the May 3, 2011 in-lake Stations 1, 2 and 3 were all detected at 9 pg/L. Goose
Creek sites (Stations 4 and 6) were both detected at 9 pg/L (parts per billion) and Station 5 was detected
at 39 pg/L. Spring 2011 TP concentrations for sites 1-4 and 6 were detected at some of the lowest levels
recorded from 1992-2010. The TP concentration for Station 5 during this same event was within the
range typically seen for spring samples since 2006.

Surface water spring TP concentrations from 1992-2011 range from 9 to 44 pg/L (Figure 2). Spring TP
concentrations for Station 4 from 1996-2011 range from 9 to 44 pg/L, Station 5 from 15-121 pg/L and
Station 6 from 9-31 ug/L (Figure 3).

The TP concentrations for the September 13, 2011 sampling were 24, 17 and 19 pg/L for in-lake Stations
1, 2 and 3, respectively. Goose Creek sites at Stations 4 and 6 were detected at 26 and 30 pg/L,
respectively, while Station 5 had TP levels recorded at 96 pg/L. The level in Station 5 was the 3™
highest detected at this sampling site since 1996. This elevated level suggests that inputs from
upstream sources may be a significant contribution to the small inlet. Summer TP concentrations
from 1992-2011 range from 6-102 pg/L for the in-lake surface samples (Figure 4). From 1996-2011,
summer TP concentrations for Station 4 ranged from 17-77 pg/L, Station 5 from 23-102 pg/L, and Station
6 from 18-112 pg/L (Figure 5).

Nitrate Nitrogen

The NOj; concentrations for the spring 2011 sampling at Stations 1, 2 and 3 were detected at 120, 120 and
110 pg/L, respectively. These concentrations are slightly higher than those seen in 2010, with a potential
upward trend in in-lake nitrate concentrations since 2001. Spring 2011 inlet sampling showed no
detectable NOs in either downstream or upstream Goose Creek samples (Stations 4 and 6, respectively).
This may be due to dry weather conditions several days prior to sampling, since NOjs is easily transported
in stormwater runoff. Station 5 had very high levels of nitrate detected at 2,200 pg/L.

Surface water spring NO3 concentrations from 1992-2011 ranged from 0-255 pg/L (Figure 6). Spring
NO; concentrations for Station 4 from 1996-2011 range from non-detect to 519 ug/L, Station 5 values are
between 50 and 7,980 ug/L and Station 6 values are from non-detect to 530 pg/L (Figure 7).

Nitrate levels for the September 2011 sampling for all in-lake stations were non-detect (note: detection
limit is 100 pg/L, but laboratory results included a qualifier that not even trace levels of nitrate were
detected; see Appendix A). Plant and algae uptake of nitrates during the growing season may be the
cause of the absence of nitrate in the lake samples. Nitrogen accumulation in oxygen-depleted bottom
waters may also be another explanation for the non-detect surface water concentrations. Goose Creek
nitrate concentrations at inlet Stations 4 and 6 were measured at 210 and 0 pg/L, respectively. Station 5
had a September 2011 nitrate level of 750 pg/L. In-lake Stations 1, 2 and 3 during summer sampling had
values from 1992-2011 ranging from 0-44 pg/L (Figure 8). Summer nitrate concentrations for Station 4
from 1996-2011 range from 7-1,080 pg/L, Station 5 values are between 167-2,077 pg/L and Station 6
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from 0-1,012 pg/L (Figure 9).

Station 5 again had elevated nitrate levels detected at 750 pg/L during this September 2011 sampling,
which was the highest recorded for summer sampling at this station since 2007. Sources of nitrates in
surface waters include natural inputs from groundwater and rainfall, but elevated levels such as this are
likely caused from fertilizer, failing septic systems or animal waste. As noted in previous reports by WQI
and K&A (2006), a likely source is the upstream feedlot. This concentration indicates an upstream source
of nitrates, most likely linked to the feedlot just upstream on US-12. While the 2006 K&A report noted
that flows from Inlet 1 into Lake Somerset are minimal, thus equating to relatively small nitrate
loads, it would still be advisable to pursue better upstream management practices to decrease
pollutants entering Lake Somerset from this source.

Alkalinity

Spring 2011 total alkalinity was detected at the Station 1, 2 and 3 surface samples at 190, 200 and 180
mg/L, respectively. Stations 4, 5 and 6 displayed similar concentrations for this event at 190, 220 and
180 mg/L, respectively. Spring alkalinity levels for in-lake stations from 1992-2011 range from 97 to 217
mg/L (Figure 10). Station 4 spring alkalinity values from 1996-2011 vary from a low 105 to a high of
205 mg/L (Figure 11). Station 5 spring values range from 92-227 mg/L over this same period, and
Station 6 alkalinity values range from 100-195 mg/L (Figure 11).

Summer 2011 total alkalinity levels for the in-lake Stations 1, 2 and 3 were all detected at 180 mg/L.
Summer alkalinity levels at Stations 4, 5 and 6 were detected at 220, 260 and 210 mg/L, respectively.
Summer in-lake alkalinity concentrations range from 157-195 from 1992-2011 (Figure 12). From 1996-
2011 alkalinity ranged from 187-320 mg/L in Station 4, from 180-330 mg/L in Station 5 and from 187-
250 mg/L at Station 6 (Figure 13). The general water classification for alkalinity of 0-60 mg/L is
considered soft, 61-120 is considered medium hard, 121-180 is hard and >180 is very hard*. Based on
the measured alkalinity, Lake Somerset is medium hard to very hard with the average measured value
categorizing the lake as hard.

Chlorophyll a

Chlorophyll a is measured only in the in-lake sites (Stations 1, 2 and 3). Values for spring 2011 sampling
at Stations 1, 2 and 3 were 1.1, 0.3 and 0.8 pg/L, respectively. Concentrations ranged from 0.3 to 8 ug/L
in the Lake Somerset spring surface samples from 1992-2011 (Figure 14). Values for summer 2011
sampling at Stations 1, 2 and 3 were 5.3, 2.8, and 1.7 pg/L, respectively. Concentrations ranged from 1.7-
18.6 pg/L in the summer surface samples from 1992-2011 (Figure 15).

Secchi Disk Depth

Secchi disk depths are measured only at the in-lake sites, since it is a measure of lake water clarity.
Spring 2011 Secchi disk depths measured by K&A were recorded at 11, 10 and 11 feet for Stations 1, 2
and 3, respectively. The spring values from 1992-2011 ranged from 4-16 feet (Figure 16). Lake

! For more information on hardness and alkalinity, see U.S. Geological Survey Water-Quality Information website at
http://water.usgs.gov/owg/hardness-alkalinity.html.
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Somerset resident, George Rausch recorded Secchi depths several times throughout the summer of 2011
(Figure 17) with depths ranging from 5 to 13 feet with the depth generally decreasing throughout the
summer. K&A measured Secchi disk depth in September 2011 with values of 3.5, 6.5 and 6 feet at
Stations 1, 2 and 3, respectively. Summer values from 1992-2011 ranged from 3.5 to 11 feet, with the
2011 value at Station 1 being the lowest recorded here in 19 years of measurements (Figure 18). Station 1
is near the Goose Creek inlet. During the 2011 summer sampling event, this channel was very turbid and
brown which would help to explain the low Secchi reading at Station 1. K&A personnel walked up
Goose Creek and found that the water coming in appeared clear just beyond the rock dam. The cause of
the turbidity appears to be within the lake system.

George Rausch also noted that he had not seen live zebra mussels all summer in Lake Somerset. K&A
contacted the Michigan Department of Environmental Quality (DEQ) regarding this occurrence and
trends in other Michigan inland lakes. Staff from MDEQ? reported that they had not noted zebra mussel
declines in other Michigan Lakes, but suspected that a possible cause may be that the mussels have
depleted the algae food supply. The increased clarity over the past several years as well and the decline in
clarity over the 2011 summer could support that theory. The addition of copper herbicides could affect
the juvenile “veliger” stage of zebra mussels, but the concentrations applied to Lake Somerset during the
2011 summer season would not be at levels toxic to adult zebra mussels. K&A also spoke with a
Michigan State University graduate student? who is currently working with zebra mussels about this
occurrence in Lake Somerset. While he offered no explanation, he did say that he had heard of similar
reports in two other mid-Michigan lakes this summer and is wondering if the condition may be more
widespread than is currently known.

Dissolved Oxygen and Temperature

The DO concentrations for spring 2011 sampling were recorded at 9.4, 10.4 and 10.5 mg/L for Stations 1,
2 and 3, respectively. Stations 4, 5 and 6 had DO levels of 10, 12, and 10.5, respectively for this same
event. Temperatures for spring 2011 were 13, 12.5 and 12.5°C for Stations 1, 2 and 3. Stations 4, 5 and 6
were at 12.5, 13.5 and 12.5°C, respectively. Summer DO concentrations at the surface of Stations 1, 2
and 3 were recorded at 9.9, 8.9, and 9 mg/L respectively. DO at Stations 4, 5 and 6 were recorded at 9.2,
6.1 and 7.2 mg/L, respectively. Temperatures for summer 2011 sampling at the in-lake Stations 1, 2 and
3 were 22, 22.5 and 22.5°C, respectively and at 23.5, 20 and 22.5°C at Stations 4, 5 and 6.

A DO and temperature profile was recorded at the deepest in-lake site, Station 3, during the September
2011 sampling. Figure 19 shows that the DO levels were above 5 mg/L at 14 feet and above. The DO
levels quickly decreased below 15 feet and were at or near 0 mg/L at 19 feet and below. Based on
previous WQI data, this trend is typical for the late summer DO profile. Temperatures ranged from
22.5°C at the surface to 13°C at the bottom.

pH

Spring 2011 pH values for all sites were within the acceptable range for aguatic organisms and measured

2 personal communication with Amanda Whitscell, Michigan Department of Environmental Quality, August 2011.
Z Personal communication with Jeff White, Graduate Research Student, Department of Fisheries and Wildlife,
Michigan State University, September 23, 2011.
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from 8.2 to 8.7 S.U. for all stations. Summer 2011 pH values for the in-lake stations ranged between 8.5
and 8.6 S.U. The pH value at Station 4 was detected at 8.4, Station 5 at 7.8 and Station 6 at 8 S.U. during
the summer 2011 sampling.

Conductivity

Spring 2011 conductivity levels were fairly low for all sampling sites with Stations 1, 2 and 3
concentrations at 200, 220 and 210 umhos/cm, respectively, and Stations 4, 5, and 6 displaying
concentrations of 190, 220 and 180 umhos/cm, respectively. Spring conductivities for in-lake stations
from 1992-2011 ranged from 200-460 pumhos/cm (Figure 20). Spring conductivities for Stations 4, 5 and
6 from 1996-2011 ranged from 190-445, 220-500, and 190-440 umhos/cm, respectively (Figure 21).
Summer 2011 conductivity levels were again fairly low at all sampling stations with in-lake
concentrations at 290-300 pmhos/cm. Stations 4, 5 and 6 had conductivity levels at 300, 320 and 290
pmhos/cm, respectively during the summer 2011 monitoring. Summer conductivities for in-lake stations
from 1992-2011 ranged from 290-460 pumhos/cm (Figure 22). Summer conductivities for Station 4
ranged from 300-800, Station 5 from 320-960 and Station 6 from 290-660 pmhos/cm (Figure 23).

Trophic State Index

K&A used the results of the water quality monitoring to classify Lake Somerset using the Trophic State
Index (TSI). WQI used the Water Quality Index to classify lake conditions. The TSI is a universally-
accepted index for categorizing lake productivity (Carlson, 1977). The TSI uses Secchi disk depth,
chlorophyll a and TP concentrations to categorize lakes as either oligotrophic (low), mesotrophic
(medium), eutrophic (high) or hyper-eutrophic (very high) productivity. Those lakes classified as
oligotrophic (TSI below 30) generally have very clear water and DO throughout the year. Mesotrophic
(TSI 30-50) lakes generally have high water clarity with some DO-depleted bottom waters possible
during the summer months. Those lakes categorized as eutrophic (TSI 50-70) have decreased water
clarity, more abundant plant growth and anoxic bottom waters (i.e., waters depleted of DO).
Hypereutrophic (TSI >70) lakes are dominated by dense algae and macrophyte growth with low DO
levels throughout the water column.

K&A calculated TSI for the WQI data from 1992 to 2010, as well as for the 2011 Lake Somerset water
quality monitoring data (note: TSI values are unitless). All three in-lake sampling sites, Stations 1, 2 and
3, were averaged for a single value based on chlorophyll a, TP or Sechhi disk depth. Spring chlorophyll a
TSI values ranged from 22-49, categorizing the lake as oligotrophic to mesotrophic (Figure 24). Spring
TSI values based on TP concentrations categorizes the lake as mesotrophic to eutrophic, and Secchi disk
TSI values are also within the mesotrophic to eutrophic range. Summer TSI values for chlorophyll a
increase, as expected, due to increased algae growth during the summer months. The chlorophyll a TSI
for the summer months ranged from 40-57 categorizing the lake as mesotrophic to eutrophic (Figure 25).
TSI values for the summer TP values ranged from 42-68, making it mesotrophic to the high end of the
eutrophic range. Secchi depth TSI values also range from mesotrophic to eutrophic for the summer
sampling.
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RECOMMENDATIONS

1.

Investigate pollutant sources upstream of Station 5. The NOj; levels at sampling Station 5 were
elevated during both the May and September 2011 monitoring events. K&A identified this inlet as a
source of nutrients in the 2006 comprehensive report and WQI has also reported elevated NO; levels
during the annual monitoring of Lake Somerset. Summer 2011 TP levels were also elevated for this
sampling site. While this inlet has a low volume of flow, it remains a source of pollutants that should
be targeted for better upstream management to reduce inputs to the lake.

Include bacteria sampling in the Lake Somerset annual monitoring program. Given the close
proximity of the farming operation upstream of Station 5, and the elevated NO; and TP levels
measured at this station during the 2011 sampling, it is recommended that the LSPOA include
bacteria monitoring as part of the annual water quality program. If bacteria from animal waste are
entering the lake, the residents should be kept advised of conditions that may cause swimming and
contact advisories in the lake and prompt better upstream management practices to address the source.

Sample lake bottom waters during stratification to get a better picture of internal phosphorus
and nitrogen loads. Lake Somerset becomes anoxic (oxygen-depleted) during times of summer
stratification. Low DO conditions can cause nutrient-enriched sediments to release phosphorus and
nitrogen that then become available for biological uptake during spring and fall turnover.
Understanding the nutrient sources within the lake, as well as those entering the lake system, provides
a more complete picture of the lake system.

Conduct an algae survey to understand the algae population within the lake. Algae are an
important component of the lake system, providing the base of the food chain and producing DO
within the lake. Some algae, such as the blue-greens, are harmful to wildlife, pets and humans and
can create undesirable lake conditions resulting in a pea-soup appearance. It is recommended that the
LSPOA consider identifying the algae community present in the lake to further understand the entire
plant community in the lake. The 2011 Secchi disk depth data collected by George Rausch showed a
decrease from 11 feet in mid-June to 5 feet in early August at Station 1. K&A recorded a Secchi
depth of 3.5 feet at this station during the September 2011 monitoring. The water in the channel
adjacent to Goose Creek during the K&A September monitoring was very brown and turbid and is
possibly a late season algae bloom.

The association of zebra mussels and algae may also be affecting changes seen in Lake Somerset
water clarity during the summer of 2011. George Rausch reported not observing any zebra mussels
(alive or dead) during the summer of 2011. Zebra mussels are very efficient filter feeders that feed on
planktonic algae, thus increasing water clarity. These mussels can reject some blue-green algae
species which can result in an increase in blue-green algae in those lakes with established zebra
mussel populations. Understanding the water quality, algae and macrophyte community in Lake
Somerset will aid the LSPOA in preventing conditions leading to an algae-dominated lake system.

Use a macrophyte-based Trophic State Index to classify Lake Somerset. WQI used a Water
Quality Index to classify Lake Somerset on an annual basis. K&A reported collected lake data as a
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Trophic State Index (TSI) to allow better comparison between Lake Somerset and other area lakes.
The TSI is a widely-used and accepted index to assess the productivity of a lake system at a given
point in time. While this index is more universally-used than the Water Quality Index, it is
recommended that the LSPOA consider using a macrophyte-based index to better characterize the
productivity of Lake Somerset. The traditional TSI is based on the assumption that the lake in
question is primarily planktonic (free floating) algae dominated, using measures of clarity,
chlorophyll a and TP concentrations as the parameters. A macrophyte-based index is more
appropriate for those lakes which are dominated by rooted aquatic vegetation and accounts for the
nutrients bound in the plant material as well as that present in the lake water.

Maintain a buffer of native vegetation along the lakeshore. A zone of native vegetation between a
residence and the lakeshore is important in providing a buffer to slow stormwater runoff, allowing
particles to filter out prior to reaching the lake. In addition, this vegetation can trap grass clippings,
leaf litter and other debris that can serve as a nutrient source for nuisance algae and other aquatic
plants. Tall vegetation along the lakeshore has also been shown to discourage waterfowl from using
these areas. The majority of the Lake Somerset shoreline has closely mowed turf-grass or mulched
areas that can result in erosive conditions or conditions favorable for heavy waterfowl use. Deep-
rooted plants growing between the septic drainfield and the lakeshore can also intercept phosphorus
and nitrogen leaching from the drainfield before it reaches the lake. Thus, a naturalized shoreline
buffer can provide multiple environmental benefits. K&A has worked with other lake associations
that are voluntarily attempting to naturalize their individual shorelines with mixed success.
Participation will depend on the successful outreach and education by the LSPOA to their members.

Implement good lake stewardship practices. There are a number of good stewardship practices
that lakeshore property owners can implement that will benefit the lake, including:

o Use lawn fertilizer containing zero-phosphorus to avoid fertilizing the lake.

o Keep leaf litter, grass clippings and ashes out of lake. Leaves and other lawn debris can decay in
the lake and act as a nutrient source for nuisance algae and other aquatic plants.

e Wash cars in lawn areas away from lake to allow wash water to infiltrate into the ground
instead of running off pavement into storm drains entering the lake.
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Figure 3. Lake Somerset Spring 1996-2011 Total Phosphorus for Stations4, 5 and 6.
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Figure 4. Lake Somerset Summer 1992-2011 Total Phosphorusfor In-Lake Stations 1, 2 and 3.
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Figure 5. Lake Somerset Summer 1996-2011 Total Phosphorusfor Stations4, 5 and 6.
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Figure 6. Lake Somerset Spring 1992-2011 Total Nitrate Nitrogen for In-Lake Stations 1, 2 and 3.
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Figure 7. Lake Somerset Spring 1996-2011 Total Nitrate Nitrogen for Stations 4, 5 and 6.
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Figure 8. Lake Somerset Summer 1992-2011 Total Nitrate Nitrogen for In-Lake Stations 1, 2 and 3.
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Figure 9. Lake Somerset Summer 1996-2011 Total Phosphorus for Stations 4, 5 and 6.
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Figure 10. L ake Somerset Spring 1992-2011 Alkalinity for In-Lake Stations 1, 2 and 3.
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Figure 16. L ake Somerset Spring 1992-2011 Secchi Disk Depth for In-Lake Stations 1, 2 and 3.
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Figure 18. Lake Somerset Summer 1992-2011 Secchi Disk Depth for In-Lake Stations 1, 2 and 3.
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Figure 19. L ake Somerset September 13, 2011 Dissolved Oxygen and Temperature Profiles.
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Figure 20. Lake Somerset Spring 1992-2011 Conductivity for In-Lake Stations 1, 2 and 3.
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Figure 22. Lake Somerset Summer 1992-2011 Conductivity for In-Lake Stations 1, 2 and 3.
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Figure 23. Lake Somerset Summer 1996-2011 Conductivity for Stations4, 5 and 6.
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Trophic State Index (TSI)

Figure 24. Lake Somerset Spring 1992-2011 Trophic State Indices.
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Figure 25. Lake Somerset Summer 1992-2011 Trophic State Indices.
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Table 1. Lake Somerset Surface Water Quality Data for all In-Lake Stations and Inlets.

Dissolved Oxygen Secchi Total Conductivit Lake
Sam_ple Temp. ¥ Chiorophyll Disk Nitrate | Alkalinity (um hos pery Total Water
Date Station . a . pH Phosphorus - |Grade
Number (Celsius) |  (mg/L) Perce_nt (ugll) Depth | Nitrogen (mg/L) cm at 25.degrees (ug/L) Quality
Saturation (ft) (ug/L) Celsius) Index
5/10/92 1 17 11.3 116 8.0 8 23 214 8.3 460 25 85 B
5/10/92 2 18 11.6 122 3.9 9 49 210 8.1 460 45 84 B
5/10/92 3 17 11.0 99 34 9 15 208 8.1 460 22 90 A
5/10/92 4 21 10.2 113 25 8 89 235 8.0 460 20 88 B
5/10/92 5 18 10.6 112 4.0 9 19 205 8.2 460 21 90 A
5/10/92 6 18 10.9 115 55 10 15 201 8.2 460 29 89 B
5/10/92 7 21 10.3 114 3.8 9 11 201 8.2 460 19 89 B
5/10/92 8 20 10.3 112 4.2 9 15 198 8.2 460 21 90 A
5/10/92 9 19 111 107 5.9 9 15 211 8.2 460 17 90 B
5/10/92 10 18 10.6 112 4.8 9 15 203 8.2 460 24 89 B
5/10/92 11 19 11.0 117 3.9 9 15 208 8.2 460 20 89 B
5/10/92 12 22 10.6 120 5.7 6 39 218 8.1 460 29 84 B
5/10/92 13 20 10.0 109 6.3 9 23 197 8.1 460 28 89 B
5/10/92 14 18 10.7 113 4.9 9 19 201 8.2 460 19 89 B
8/19/92 1 23 7.4 85 5.6 8 39 188 8.4 440 26 86 B
8/19/92 2 23 7.0 80 3.3 8 44 177 8.3 440 6 89 B
8/19/92 3 22 7.6 86 5.8 7 26 178 8.3 440 33 86 B
8/19/92 4 23 8.7 99 9.0 7 30 180 8.4 440 29 86 B
8/19/92 5 23 7.3 84 4.5 9 33 177 8.3 440 31 87 B
8/19/92 6 22 7.2 82 5.6 8 32 174 8.3 440 27 86 B
8/19/92 7 22 7.8 89 4.1 8 30 167 8.3 420 49 85 B
8/19/92 8 22 9.8 111 2.6 7 44 148 8.4 390 11 89 B
8/19/92 9 22 7.6 86 4.6 8 34 173 8.3 420 23 88 B
8/19/92 10 22 7.1 82 3.7 9 37 175 8.2 440 45 85 B
8/19/92 11 23 7.1 82 2.9 7 23 173 8.3 440 25 86 B
8/19/92 12 24 8.2 96 104 6 13 174 8.4 440 30 85 B
8/19/92 13 23 8.5 97 2.9 8 14 133 8.3 390 27 88 B
8/19/92 14 23 7.1 82 4.1 9 19 176 8.2 430 23 88 B
5/9/93 1 - - - 0.4 6 22 217 8.1 450 37 86 B
5/9/93 2 - - - 6.0 6 19 203 8.3 450 17 83 B
5/9/93 3 - - - 5.8 6 17 202 8.4 410 13 83 B
8/2/93 1 24 9.0 106 7.8 6 6 193 8.1 430 24 82 B
8/2/93 2 24 7.8 92 6.5 6 4 195 8.0 420 21 84 B
8/2/93 3 24 8.4 99 4.5 6 5 190 8.2 420 21 85 B
5/9/94 1 - - - 1.0 8 33 192 7.9 385 19 92 A
5/9/94 2 - - - 2.7 8 13 173 7.9 370 19 90 A
5/9/94 3 - - - 25 9 12 171 7.9 365 25 90 A
8/9/94 1 23 8.3 95 6.0 6 7 177 8.2 400 21 84 B
8/9/94 2 23 7.4 85 6.0 7 6 181 8.3 400 19 83 B
8/9/94 3 23 75 86 8.3 7 10 182 8.3 400 18 82 B
4/20/95 1 - - - 3.8 9 32 145 8.3 300 10 90 A
4/20/95 2 - - - 44 8 20 176 7.9 240 8 90 A
4/20/95 3 - - - 4.7 8 15 149 8.4 300 9 88 B
4/20/95 4 - - - 3.2 8 78 137 7.6 300 10 88 B
4/20/95 5 - - - - - 736 133 7.8 380 40 - -
4/20/95 6 - - - - - 20 127 7.9 380 11 - -
8/15/95 1 29 9.4 121 115 7 3 160 8.8 360 13 74 C
8/15/95 2 29 8.4 108 8.2 7 3 157 8.7 360 16 78 C
8/15/95 3 29 8.3 106 7.4 7 5 158 8.7 360 12 79 C
8/15/95 5 - - - - - 381 221 8.0 490 254 - -
8/15/95 6 - - - - - 133 192 8.0 440 44 - -
5/25/96 1 — — — 2.0 7 8 175 8.3 400 21 90 A




Table 1. Lake Somerset Surface Water Quality Data for all In-Lake Stations and Inlets.

Dissolved Oxygen Secchi | Total Conductivit Lake
Sam_ple Temp. ¥ Chlorophyll Disk Nitrate | Alkalinity (um hos pery Total Water
Date Station . a . pH Phosphorus - |Grade
Number (Celsius) |  (mg/L) Perce_nt (ug/L) Depth | Nitrogen |  (mg/L) cm at 25.degrees (ug/L) Quality
Saturation (ft) (ug/L) Celsius) Index

5/25/96 2 - - - 3.2 7 4 157 7.9 385 14 89 B
5/25/96 3 - - - 24 8 6 164 8.3 400 17 90 A
5/25/96 4 - - - - - 68 205 8.4 445 19 - -
5/25/96 5 - - - - - 476 227 8.3 460 121 -

5/25/96 6 - - - - - 9 195 8.4 440 19 - -
8/20/96 1 26 8.3 101 51 8 10 169 8.2 410 19 86 B
8/20/96 2 26 8.4 102 4.7 7 9 173 8.2 410 16 86 B
8/20/96 3 26 8.2 100 3.9 8 6 172 8.3 410 21 88 B
8/20/96 4 - - - - - 324 220 8.0 520 21 - -
8/20/96 5 - - - - - 982 304 7.4 790 38 - -
8/20/96 6 - - - - - 92 212 7.8 590 29 - -
4/29/97 1 - - - 4.6 9 11 133 8.2 350 28 87 B
4/29/97 2 - - - 4.1 8 9 140 8.7 350 61 80 B
4/29/97 3 - - - 4.1 8 10 142 8.3 350 44 85 B
4/29/97 4 - - - - - 110 162 8.0 400 26 - -
4/29/97 5 - - - - - 644 163 8.2 500 58 - -
4/29/97 6 - - - - - 46 160 7.3 390 19 - -
9/7/97 1 23 9.0 103 6.3 6 12 171 8.7 420 33 81 B
9/7197 2 22 8.4 95 7.4 7 12 167 8.5 420 32 82 B
9/7/97 3 22 8.6 98 6.0 7 24 166 8.6 420 80 74 C
9/7/97 4 - - - - - 392 220 8.1 530 32 - -
9/7/97 5 - - - - - 1340 300 1.7 800 48 - -
9/7/97 6 - - - - - 180 210 8.0 520 44 - -
4/22/98 1 - - - 6.7 7 14 126 7.4 340 12 86 B
4/22/98 2 - - - 4.8 7 10 136 7.5 340 11 87 B
4/22/98 3 - - - 7.6 7 11 126 7.4 340 14 85 B
4/22/98 4 - - - - - 93 150 7.4 360 28 - -
4/22/98 5 - - - - - 1213 175 7.4 500 44 - -
4/22/98 6 - - - - - 28 146 7.3 360 25 - -
9/8/98 1 23 8.6 99 8.7 5 5 175 8.5 420 102 64 D
9/8/98 2 23 7.3 84 3.9 6 22 172 8.3 420 84 73 C
9/8/98 3 23 6.9 80 5.0 5 16 172 8.3 420 70 74 C
9/8/98 4 - - - - - 467 220 8.3 600 26 - -
9/8/98 5 - - - - - 1900 220 7.8 800 25 - -
9/8/98 6 - - - - - 114 210 8.1 510 22 - -
5/7/99 1 - - - 25 8 30 120 7.5 300 32 89 B
5/7/99 2 - - - 5.3 8 17 105 7.7 280 20 86 B
5/7/99 3 - - - 2.8 7 26 124 7.5 300 23 89 B
5/7/99 4 - - - - - 141 105 7.9 340 16 - -
5/7/99 5 - - - - - 767 104 7.6 400 67 - -
5/7/99 6 - - - - - 43 100 7.4 260 31 - -
8/31/99 1 24 96.0 113 8.1 6 11 170 8.4 405 31 81 B
8/31/99 2 24 9.5 112 6.2 6 14 170 8.4 400 32 82 B
8/31/99 3 24 8.2 96 6.1 6 14 171 8.3 395 31 84 B
8/31/99 4 - - - - - 1080 320 7.5 800 77 81 B
8/31/99 5 - - - - - 1148 238 8.1 585 43 82 B
8/31/99 6 - - - - - 218 237 8.0 550 43 89 B
4/23/00 1 - - - 0.6 4 21 140 8.4 395 17 86 B
4/23/00 2 - - - 15 6 17 140 8.1 390 18 90 A
4/23/00 3 - - - 0.6 9 42 155 8.2 430 13 93 A
4/23/00 4 - - - - - 246 138 8.2 400 68 - -
4/23/00 5 - - - - - 1260 140 8.1 460 83 -

4/23/00 6 — — — — — 258 132 8.2 300 20 — —




Table 1. Lake Somerset Surface Water Quality Data for all In-Lake Stations and Inlets.

Dissolved Oxygen Secchi | Total Conductivit Lake
Sam_ple Temp. ¥ Chlorophyll Disk Nitrate | Alkalinity (um hos pery Total Water
Date Station . a . pH Phosphorus - |Grade
Number (Celsius) |  (mg/L) Perce_nt (ug/L) Depth | Nitrogen |  (mg/L) cm at 25.degrees (ug/L) Quality
Saturation (ft) (ug/L) Celsius) Index
8/11/00 1 25 9.3 111 4.6 6 10 172 8.7 400 16 84 B
8/11/00 2 25 9.3 111 4.7 6 15 172 8.7 390 17 84 B
8/11/00 3 25 9.0 107 2.7 7 5 171 8.7 400 22 87 B
8/11/00 4 - - - - - 286 210 8.3 480 23 - -
8/11/00 5 - - - - - 1550 280 7.9 730 112 - -
8/11/00 6 - - - - - 133 202 8.0 470 45 - -
4/27/01 1 - - - 5.5 7 28 144 8.2 350 14 86 B
4/27/01 2 - - - 2.8 7 32 129 8.2 320 16 90 A
4/27/01 3 - - - 3.7 8 28 129 8.2 320 15 89 B
4/27/01 4 - - - - - 128 149 8.7 350 16 - -
4/27/01 5 - - - - - 1300 146 8.9 440 23 - -
4/27/01 6 - - - - - 40 147 8.4 350 17 - -
8/24/01 1 24 9.5 111 14.8 6 19 184 8.5 435 22 80 B
8/24/01 2 24 8.8 104 10.7 6 33 186 8.4 430 23 80 B
8/24/01 3 24 8.5 100 9.5 7 33 185 8.4 420 20 83 B
8/24/01 4 - - - - - 457 200 8.1 540 29 - -
8/24/01 5 - - - - - 1083 290 7.9 840 40 - -
8/24/01 6 - - - - - 360 205 8.1 570 38 - -

5/3/02 1 - - - 1.0 9 92 120 74 300 22 90 A

5/3/02 2 - - - 2.3 9 92 122 7.3 350 27 90 A

5/3/02 3 - - - 1.0 10 92 119 74 340 23 93 A

5/3/02 4 - - - - - 164 112 8.7 320 11 - -

5/3/02 5 - - - - - 1080 138 8.4 460 15 -

5/3/02 6 - - - - - 68 135 7.6 360 12 - -
8/12/02 1 27 8.3 104 16.6 5 24 184 8.3 425 27 76 C
8/12/02 2 27 8.3 104 10.0 5 16 166 8.1 420 13 79 C
8/12/02 3 27 8.0 100 7.0 5 24 165 8.2 420 24 80 B
8/12/02 4 - - - - - 960 247 8.0 595 21 - -
8/12/02 5 - - - - - 1120 322 7.5 880 45 - -
8/12/02 6 - - - - - 1012 250 7.9 660 36 - -
5/14/03 1 - - - 3.0 8 158 105 8.2 280 30 89 B
5/14/03 2 - - - 24 10 95 97 8.3 280 13 93 A
5/14/03 3 - - - 2.7 10 89 98 8.1 300 14 92 A
5/14/03 4 - - - - - 100 140 8.6 300 11 - -
5/14/03 5 - - - - - 7980 92 8.7 370 30 - -
5/14/03 6 - - - - - 110 110 8.2 280 20 - -
8/19/03 1 27 9.0 113 18.6 4 18 165 8.8 450 26 70 C
8/19/03 2 27 9.1 114 14.1 5 18 167 8.8 450 21 74 C
8/19/03 3 26 8.6 105 11.0 5 11 165 8.7 450 18 78 C
8/19/03 4 26 9.1 112 - 3 7 187 8.7 500 42 - -
8/19/03 5 - - - - - 1104 325 7.7 960 102 - -
8/19/03 6 - - - - - 722 240 8.2 660 25 - -
5/15/04 1 - - - 0.9 10 80 140 1.7 400 12 94 A
5/15/04 2 - - - 14 10 30 132 7.9 380 11 93 A
5/15/04 3 - - - 19 10 26 132 1.7 380 8 93 A
5/15/04 4 - - - - - 166 129 7.6 380 9 - -
5/15/04 5 - - - - - 1280 136 7.6 420 19 - -
5/15/04 6 - - - - - 36 156 8.0 380 23 - -

8/9/04 1 25 8.5 101 4.1 5 39 192 8.4 460 15 85 B

8/9/04 2 25 8.4 100 2.9 6 30 185 8.4 460 14 88 B

8/9/04 3 25 8.6 102 24 7 21 190 8.4 460 17 89 B

8/9/04 4 - - - - - 348 230 8.1 560 29 - -

8/9/04 5 — — — — — 1860 330 7.7 870 58 — —




Table 1. Lake Somerset Surface Water Quality Data for all In-Lake Stations and Inlets.

Dissolved Oxygen Secchi | Total Conductivit Lake
Sam_ple Temp. ¥ Chlorophyll Disk Nitrate | Alkalinity (um hos pery Total Water
Date Station . a . pH Phosphorus - |Grade
Number (Celsius) |  (mg/L) Perce_nt (ug/L) Depth | Nitrogen |  (mg/L) cm at 25.degrees (ug/L) Quality
Saturation (ft) (ug/L) Celsius) Index

8/9/04 6 - - - - - 600 230 8.0 600 23 - -
5/4/05 1 - - - 1.7 7 63 121 8.2 340 22 90 A
5/4/05 2 - - - 1.8 8 50 125 7.9 350 18 91 A
5/4/05 4 - - - - - 170 142 1.7 340 27 - -
5/4/05 5 - - - - - 848 140 7.9 340 26 - -
5/4/05 6 - - - - - 66 135 8.5 350 18 - -
8/15/05 1 26 7.7 94 2.3 5 20 160 8.2 410 13 88 B
8/15/05 2 26 7.7 94 4.6 6 20 162 8.3 410 14 86 B
8/15/05 3 26 7.1 91 1.7 7 14 161 8.2 410 14 91 A
8/15/05 4 - - - - - 476 228 8.1 550 24 - -
8/15/05 5 - - - - - 2077 328 7.8 900 55 - -
8/15/05 6 - - - - - 446 230 8.0 570 28 - -
5/3/06 1 - - - 4.0 8 61 110 8.2 310 33 80 B
5/3/06 2 - - - 2.0 8 52 115 8.1 280 34 90 A
5/3/06 3 - - - 0.5 9 69 110 7.9 360 36 91 A
5/3/06 4 - - - - - 182 140 8.1 370 27 - -
5/3/06 5 - - - - - 498 120 8.4 440 46 - -
5/3/06 6 - - - - - 69 140 8.4 380 31 - -
8/10/06 1 28 8.8 111 4.8 6 22 180 8.6 440 52 78 C
8/10/06 2 28 8.8 111 3.1 6 35 180 8.6 430 55 79 C
8/10/06 3 28 8.7 110 4.4 6 22 180 8.6 420 32 82 B
8/10/06 4 - - - - - 546 235 8.3 540 33 - -
8/10/06 5 - - - - - 1777 325 7.8 900 69 - -
8/10/06 6 - - - - - 581 223 8.3 580 32 - -
5/4/07 1 - - - 0.8 9 82 110 7.6 270 23 92 A
5/4/07 2 - - - 14 10 89 130 7.4 285 18 93 A
5/4/07 3 - - - 14 11 89 135 7.4 325 18 94 A
5/4/07 4 - - - - - 96 155 7.9 300 37 - -
5/4/07 5 - - - - - 230 155 7.7 420 18 -

5/4/07 6 - - - - - 32 147 1.7 300 18 - -
8/8/07 1 27 1.7 96 2.3 8 16 172 8.4 420 18 89 B
8/8/07 2 27 7.7 96 2.9 8 16 174 8.4 420 20 87 B
8/8/07 3 28 7.7 97 29 8 13 170 8.4 410 15 88 B
8/8/07 4 - - - - - 637 194 8.0 520 30 - -
8/8/07 5 - - - - - 1871 325 7.6 870 63 - -
8/8/07 6 - - - - - 468 187 8.0 540 42 - -
5/5/08 1 - - - 41 9 45 102 7.1 260 22 85 B
5/5/08 2 - - - 51 9 31 120 7.1 260 20 87 B
5/5/08 3 - - - 5.8 9 31 124 7.2 260 21 86 B
5/5/08 4 - - - - - 519 150 7.0 350 63 - -
5/5/08 5 - - - - - 1311 105 7.1 300 34 - -
5/5/08 6 - - - - - 309 120 7.1 260 27 - -
8/7/08 1 26 7.9 96 5.9 9 14 175 8.3 410 19 86 B
8/7/08 2 26 7.8 95 5.2 9 11 175 8.3 410 18 87 B
8/7/08 3 26 7.8 95 5.9 9 34 170 8.3 410 19 86 B
8/7/08 4 - - - - - 116 212 8.5 500 22 - -
8/7/08 5 - - - - - 593 180 8.2 410 56 - -
8/7/08 6 - - - - - 20 245 8.1 600 23 - -
5/12/09 1 - - - 1.3 11 255 140 8.3 340 26 92 A
5/12/09 2 - - - 1.0 12 245 140 8.2 340 25 92 A
5/12/09 3 - - - 1.0 13 255 133 8.3 340 23 93 A
5/12/09 4 - - - - - 365 133 7.9 300 32 - -
5/12/09 5 — — — — — 1040 125 7.4 280 35 — —




Table 1. Lake Somerset Surface Water Quality Data for all In-Lake Stations and Inlets.

Dissolved Oxygen Secchi | Total Conductivit Lake
Sam_ple Temp. ¥ Chlorophyll Disk Nitrate | Alkalinity (um hos pery Total Water
Date Station . a . pH Phosphorus - |Grade
Number (Celsius) |  (mg/L) Perce_nt (ug/L) Depth | Nitrogen |  (mg/L) cm at 25.degrees (ug/L) Quality
Saturation (ft) (ug/L) Celsius) Index
5/12/09 6 - - - - - 530 112 7.3 280 25 - -
8/31/09 1 22 6.5 74 15.7 7 31 186 8.3 460 21 77 C
8/31/09 2 22 6.3 72 6.3 7 22 186 8.2 450 21 82 B
8/31/09 3 22 6.9 78 14.4 7 28 188 8.2 450 18 78 C
8/31/09 4 - - - - - 284 212 8.2 480 17 - -
8/31/09 5 - - - - - 288 190 8.4 460 30 - -
8/31/09 6 - - - - - 322 220 8.0 510 18 - -
5/6/10 1 - - - 0.5 12 95 160 7.8 380 19 94 A
5/6/10 2 - - - 0.4 15 100 158 7.8 380 20 95 A
5/6/10 3 - - - 0.4 16 160 147 7.9 360 31 94 A
5/6/10 4 - - - - - 80 160 8.0 360 22 - -
5/6/10 5 - - - - - 50 167 7.8 420 35 - -
5/6/10 6 - - - - - 50 166 7.8 360 20 - -
8/4/10 1 27 8.3 104 3.2 8 44 185 8.5 400 34 86 B
8/4/10 2 27 8.4 105 2.6 11 40 185 8.5 410 29 89 B
8/4/10 3 27 8.3 104 2.5 11 20 185 8.4 410 16 91 B
8/4/10 4 24 8.2 96 - - 246 218 8.0 460 27 - -
8/4/10 5 - - - - - 167 190 8.4 440 42 -
8/4/10 6 - - - - - 214 212 7.9 460 37 - -
5/3/11 1 13 94 88 11 11 120 190 8.5 200 9 -
5/3/11 2 125 10.4 98 0.267 10 120 200 8.6 220 9 -
5/3/11 3 125 105 98 0.833 11 110 180 8.6 210 9 -
5/3/11 4 125 10 95 - - <100 190 8.4 190 9 -
5/3/11 5 135 12 115 - - 2200 220 8.7 220 39 -
5/3/11 6 125 10.5 98 - - <100 180 8.2 190 9 -
9/13/11 1 22 9.9 118 5.3 35 0 180 8.6 290 24 -
9/13/11 2 22.5 8.9 105 2.8 6.5 0 180 8.5 290 17 -
9/13/11 3 22.5 9 100 1.7 6 0 180 8.5 300 19 -
9/13/11 4 235 9.2 105 - - 210 220 8.4 300 26 -
9/13/11 5 20 6.1 65 - - 750 260 7.8 320 96 -
9/13/11 6 22.5 7.2 80 — — 0 210 8.0 290 30 —




Appendix A

Bio-Chem Laboratory Analytical Results



CCt
LABORATORIES, NG

1049 - 28th Street SE

Grand Rapids, MI 49508

Ph: 616/248-4900

Toll Froe: 800/362.LaBs MaY 10,2011
Fax: 616/248-4904

Brian Boyer

Kieser & Associates
536 E. Michigan Ave
Ste 300

Kalamazoo, MI 49007
TEL: (269)344-7117
FAX (269) 344-2493
RE: Lake Somerset

Dear Brian Boyer: Order No.: 1105017

BIO-CHEM Laboratories, Inc. received 6 samples on 5/4/2011 for the analyses
presented in the following report.

There were no problems with the analyses and all data for associated QC met
EPA or laboratory specifications except where noted in the Case Narrative.

If you have any questions regarding these tests results, please feel free to call.

Please note that unless otherwise instructed, residual samples will be held for
sixty (60) days from the original report date. At that time, all non-hazardous
samples will be disposed of in accordance with federal, state and local
regulations and ordinances, and hazardous samples shall be returned to you.
Please contact the laboratory within thirty (30) days if other arrangements for
sample retention need to be made.

Sincerely,

M&W

Cindy Euwema
Office Manager

Working with you to
ensure a better tomorrow.
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BIO-CHEM Laboratories, Inc. Date: [0-May-11

CLIENT: Kieser & Associates

Project: Lake Somerset Work Order Sample Summary
Lab Order: 1105017

Lab Sample ID Client Sample ID Matrix Collection Date Date Received
1105017-01A Station 1 Aqueous 5/3/2011 5/4/2011
1105017-02A Station 2 Aqueous 5/3/2011 5/4/2011
1105017-03A Station 3 Aqueous 5/3/2011 5/4/2011
1105017-04A Station 4 Aqueous 5/3/2011 5/4/2011
1105017-05A Station 5 Aqueous 5/3/2011 5/4/2011
1105017-06A Station 6 Aqueous 5/3/2011 5/4/2011

Page 1 of 1



BIO-CHEM Laboratories. Inc. Date: [0-May-11

CLIENT: Kieser & Associates
Project: Lake Somerset CASE NARRATIVE
Lab Order: 1105017

Samples are routinely analyzed using methods outlined in the following references:

(SW) Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Ed.
(E) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020.

(A) Standard Methods for the Examination of Water and Wastewater, APHA, 18th Ed.

(D) Annual Book of ASTM Standards.

Specific methods utilized for this project are provided in the analytical report and are identified by the
reference document abbreviation () followed by the method number.

All QA/QC and sample analyses met method, laboratory and/or regulatory data quality objectives
unless otherwise specified below.

No data qualifications required.

Page 1 of 1



BIO-CHEM Laboratories, Inc. ANALYTICAL REPORT
Date: 5/10/2011

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1105017 Client Sample ID: Station 1
Project: Lake Somerset Collection Date: 5/3/2011
Lab Sample ID: 1105017-01A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography

1. Nitrogen, Nitrate (As N) E300.0 0.12 0.10 mg/L 1 GCP 5/5/2011
Chlorophyll A

1. Chlorophyll A 10200H 1.1 -100 mg/m? 1 SCL 5/5/2011
Alkalinity by Titration

1. Alkalinity, Total (As CaCO3) E310.1 190 2.0 mg/L 1 GCP 5/6/2011
Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 <0.010 0.010 mg/L 1 GCP 5/10/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated

DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. Vi Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 5/10/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1105017 Client Sample ID: Station 2
Project: Lake Somerset Collection Date: 5/3/2011
Lab Sample ID: 1105017-02A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 0.12 0.10 mg/L 1 GCP 5/5/2011
Chlorophyll A
1. Chlorophyll A 10200H 0.267 -100 mg/m? 1 SCL 5/5/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 200 2.0 mg/L 1 GCP 5/6/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 <0.010 0.010 mg/L 1 GCP 5/10/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 2 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 5/10/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1105017 Client Sample ID: Station 3
Project: Lake Somerset Collection Date: 5/3/2011
Lab Sample ID: 1105017-03A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 0.11 0.10 mg/L 1 GCP 5/5/2011
Chlorophyll A
1. Chlorophyll A 10200H 0.833 -100 mg/m? 1 SCL 5/5/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 180 2.0 mg/L 1 GCP 5/6/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 <0.010 0.010 mg/L 1 GCP 5/10/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 3 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 5/10/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1105017 Client Sample ID: Station 4
Project: Lake Somerset Collection Date: 5/3/2011
Lab Sample ID: 1105017-04A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 <0.10 0.10 mg/L 1 GCP 5/5/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 190 2.0 mg/L 1 GCP 5/6/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 <0.010 0.010 mg/L 1 GCP 5/10/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 4 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 5/10/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A

Lab Order: 1105017 Client Sample ID: Station 5

Project: Lake Somerset Collection Date: 5/3/2011

Lab Sample ID: 1105017-05A Matrix: AQUEOUS

Analyses Method Ref. Result Q PQL Units DF Analyst Date

Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 2.2 0.10 mg/L 1 GCP 5/5/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 220 2.0 mg/L 1 GCP 5/6/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 0.039 0.010 mg/L 1 GCP 5/10/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 5 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 5/10/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1105017 Client Sample ID: Station 6
Project: Lake Somerset Collection Date: 5/3/2011
Lab Sample ID: 1105017-06A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 <0.10 0.10 mg/L 1 GCP 5/5/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 180 2.0 mg/L 1 GCP 5/6/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 <0.010 0.010 mg/L 1 GCP 5/10/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 6 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.
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o, B
LABORATORIES INC

1049 - 28th Street SE

Grand Rapids, MI 49508

Ph: 616/248-4900 September 21, 2011
Toll Free: 800/362-LABS

Fax: 616/248-4904

Brian Boyer

Kieser & Associates
536 E. Michigan Ave
Ste 300

Kalamazoo, M1 49007
TEL: (269)344-7117
FAX (269) 344-2493
RE: Lake Somerset

Dear Brian Boyer: Order No.: 1109079

BIO-CHEM Laboratories, Inc. received 6 samples on 9/14/2011 for the
analyses presented in the following report.

There were no problems with the analyses and all data for associated QC met
EPA or laboratory specifications except where noted in the Case Narrative.

If you have any questions regarding these tests results, please feel free to call.

Please note that unless otherwise instructed, residual samples will be held for
sixty (60) days from the original report date. At that time, all non-hazardous
samples will be disposed of in accordance with federal, state and local
regulations and ordinances, and hazardous samples shall be returned to you.
Please contact the laboratory within thirty (30) days if other arrangements for
sample retention need to be made.

Sincerely,

Cindy Euwema
Office Manager

Working with you to
ensure a better Omorrow.
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BIO-CHEM Laboratories, Inc. Date: 2/-Sep-11

CLIENT: Kieser & Associates

Project: Lake Somerset Work Order Sample Summary
Lab Order: 1109079

Lab Sample ID Client Sample ID Matrix Collection Date Date Received
1109079-01A Station 1 Aqueous 9/13/2011 9/14/2011
1109079-02A Station 2 Aqueous 9/13/2011 9/14/2011
1109079-03A Station 3 Aqueous 9/13/2011 9/14/2011
1109079-04A Station 4 Aqueous 9/13/2011 9/14/2011
1109079-05A Station 5 Aqueous 9/13/2011 9/14/2011
1109079-06A Station 6 Aqueous 9/13/2011 9/14/2011

Page 1 of 1



BIO-CHEM Laboratories. Inc. Date: 2/-Sep-11

CLIENT: Kieser & Associates
Project: Lake Somerset CASE NARRATIVE
Lab Order: 1109079

Samples are routinely analyzed using methods outlined in the following references:

(SW) Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Ed.
(E) Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020.

(A) Standard Methods for the Examination of Water and Wastewater, APHA, 18th Ed.

(D) Annual Book of ASTM Standards.

Specific methods utilized for this project are provided in the analytical report and are identified by the
reference document abbreviation () followed by the method number.

All QA/QC and sample analyses met method, laboratory and/or regulatory data quality objectives
unless otherwise specified below.

No data qualifications required.

Page 1 of 1



BIO-CHEM Laboratories, Inc. ANALYTICAL REPORT
Date: 9/21/2011

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1109079 Client Sample ID: Station 1
Project: Lake Somerset Collection Date: 9/13/2011
Lab Sample ID: 1109079-01A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography

1. Nitrogen, Nitrate (As N) E300.0 <0.10 0.10 mg/L 1 GCP 9/14/2011
Chlorophyll A

1. Chlorophyll A 10200H 53 -100 mg/m? 1 SCL 9/14/2011
Alkalinity by Titration

1. Alkalinity, Total (As CaCO3) E310.1 180 2.0 mg/L 1 KLM 9/21/2011
Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 0.024 0.010 mg/L 1 GCP 9/15/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated

DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. Vi Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. ANALYTICAL REPORT
Date: 9/21/2011

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1109079 Client Sample ID: Station 2
Project: Lake Somerset Collection Date: 9/13/2011
Lab Sample ID: 1109079-02A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography

1. Nitrogen, Nitrate (As N) E300.0 <0.10 0.10 mg/L 1 GCP 9/14/2011
Chlorophyll A

1. Chlorophyll A 10200H 28 -100 mg/m? 1 SCL 9/14/2011
Alkalinity by Titration

1. Alkalinity, Total (As CaCO3) E310.1 180 2.0 mg/L 1 KLM 9/21/2011
Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 0.017 0.010 mg/L 1 GCP 9/15/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated

DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 2 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. ANALYTICAL REPORT
Date: 9/21/2011

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1109079 Client Sample ID: Station 3
Project: Lake Somerset Collection Date: 9/13/2011
Lab Sample ID: 1109079-03A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography

1. Nitrogen, Nitrate (As N) E300.0 <0.10 0.10 mg/L 1 GCP 9/14/2011
Chlorophyll A

1. Chlorophyll A 10200H 1.7 -100 mg/m? 1 SCL 9/14/2011
Alkalinity by Titration

1. Alkalinity, Total (As CaCO3) E310.1 180 2.0 mg/L 1 KLM 9/21/2011
Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 0.019 0.010 mg/L 1 GCP 9/15/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated

DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 3 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 9/21/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1109079 Client Sample ID: Station 4
Project: Lake Somerset Collection Date: 9/13/2011
Lab Sample ID: 1109079-04A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 0.21 0.10 mg/L 1 GCP 9/14/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 220 2.0 mg/L 1 KLM 9/21/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 0.026 0.010 mg/L 1 GCP 9/15/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 4 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 9/21/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1109079 Client Sample ID: Station 5
Project: Lake Somerset Collection Date: 9/13/2011
Lab Sample ID: 1109079-05A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 0.75 0.10 mg/L 1 GCP 9/14/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 260 2.0 mg/L 1 KLM 9/21/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 0.096 0.010 mg/L 1 GCP 9/15/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 5 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.



BIO-CHEM Laboratories, Inc. Date: 9/21/2011 ANALYTICAL REPORT

CLIENT: Kieser & Associates Project Number: N/A
Lab Order: 1109079 Client Sample ID: Station 6
Project: Lake Somerset Collection Date: 9/13/2011
Lab Sample ID: 1109079-06A Matrix: AQUEOUS
Analyses Method Ref. Result Q PQL Units DF Analyst Date
Anions by lon Chromatography
1. Nitrogen, Nitrate (As N) E300.0 <0.10 0.10 mg/L 1 GCP 9/14/2011

Alkalinity by Titration
1. Alkalinity, Total (As CaCO3) E310.1 210 2.0 mg/L 1 KLM 9/21/2011

Phorphorus by UV/VIS Spec.

1. Phosphorus, Total (As P) E365.3 0.03 0.010 mg/L 1 GCP 9/15/2011
Definitions: PQL - Practical Quantitation Limit Qualifiers (Q): J - Detected below PQL but above MDL: Estimated
DF - Dilution Factor S - Spike Recovery Outside Acceptance Limits

B - Analyte detected in associated Method Blank
N - See case narrative for explanation

This report shall not be reproduced except in full, without the written approval of BIO-CHEM Laboratories, Inc. 6 Of 6

Note: The sample results reported are based on the sample aliquot(s) tested.
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	Alkalinity
	Chlorophyll a
	Algae concentrations are often measured in terms of chlorophyll a, a pigment used by algae for photosynthesis.  The more algae present within a lake system, the higher the measurable chlorophyll a content.  Lakes with summer chlorophyll a concentratio...
	Secchi Disc Transparency
	Dissolved Oxygen and Temperature
	Conductivity
	Conductivity, or specific conductance, is the measure of the flow of electrons through water.  This value relates to the total dissolved ion level, which is basically a measure of dissolved salts present in a solution.  Conductivity can serve as an in...
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