September 4, 2015
Mr. Chris Speen
Lake Arrowhead Property Owners Association
7065 Arrowroot Trail
Gaylord, Michigan 49735
Re:

2015 Water Quality Testing & Lake Management Plan
Lake Arrowhead
Section 32, Township 30 North, Range 4 West
Hayes Township, Otsego County, Michigan
AGS Project No. 15-5067

Dear Mr. Speen:
In accordance with your request, Applied Geotechnical Services, Inc. (AGS) has completed
Task 1 – Preparation of Lake Management Plan & Water Quality Testing presented in AGS
Proposal No.14-5127 – Rev. 1 dated January 6, 2015. This letter documents our lake water
sampling and analysis procedures and presents the results of our water quality testing. This
report also presents our recommendations for lake maintenance.

LAKE ARROWHEAD & WATERSHED GENERAL CHARACTERISTICS
Lake Arrowhead (also known as Buhl Lake) covers an area of approximately 95 acres
and includes an east basin and west basin separated by a relatively small channel. The
lake is a seepage-type lake, also known as a closed basin lake or kettle hole lake, and
has a maximum depth of approximately 35 feet and an average depth of approximately 7
feet.
Seepage lakes such as Lake Arrowhead are characterized by having no inlet or outlet
streams. Therefore, groundwater and net precipitation are the main sources of recharge
for the lake. The water level in seepage lakes can change significantly from season to
season and from year to year because the lake's water level is a reflection of the
elevation of the groundwater levels which are influenced by precipitation.
The surrounding land area that drains into the lake is called its watershed. The
approximate watershed for Lake Arrowhead is shown in Figure 1. A critcal factor in the
water level fluctuations for Lake Arrowhead is the position of its watershed within the the
Manistee Watershed. As shown in Figure 2, Lake Arrowhead is located within the
extreme northeastern portion of the Manistee River watershed approximately 1½ miles
west of the Manistee River Watershed – Au Sable River Watershed surface
water/groundwater divide. Along the western edge of the Au Sable River watershed,
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surface water and groundwater generally flows towards the east and southeast directions,
away from Lake Arrowhead.

Figure 1: Generalized Lake Arrowhead Watershed Map

A second surface water/groundwater divide exists approximately 3 miles west of the site.
The divide represents the boundary of the Elk Lake watershed. West of this divide, the
generalized direction of surface water and groundwater flow is towards the west and
southwest, away from Lake Arrowhead.
The generalized direction of groundwater flow within the site area is towards the westsouthwest direction. Precipitation and surface water bodies within the Lake Arrowhead
watershed "upstream" of Lake Arrowhead are anticipated to seep into the groundwater,
flow towards the southwest and west and eventually recharge the lake. The water within
Lake Arrowhead is anticipated to discharge to the groundwater and recharge surface
water bodies within the Manistee River watershed "downstream" from Lake Arrowhead.
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Figure 2: Manistee River Natural River System (Source: MDEQ Website)

Based on the results of our previous hydrogeologic investigations for the site, it appears
prior to the stategic lake dredging completed in September 2014, water was discharging
from Lake Arrowhead at a much greater rate than that of recharge of groundwater into
the lake. We believe groundwater recharge of the lake was restricted by up to
approximately 12 feet of low permeability muck sediments that had built up along the
north and east sides of the lake. We believe a significant amount of groundwater
recharge was being lost as the groundwater flowed past Lake Arrowhead and
recharged Pencil Lake and other surface water bodies “downstream” from Lake
Arrowhead.
The United States Department of Agriculture (USDA) Otsego County soil survey for the
Lake Arrowhead watershed area is depicted in Figure 3.
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Figure 3: USDA Soil Survey Map of Lake Arrowhead Watershed Area

As show on Figure 3, soils within the watershed typically consist of Rubican Sands (75),
Linquist Sands (147), Croswell-Au Gres Sands (15), Island Lake Sands (402), Kalkaska
Loamy Sands (115), and Kalkaska Sands (49). In general, these soils are sandy and
well drained. The majority of the watershed is woodlands or open space. However,
residential development exists along the Lake Arrowhead and Little Bear Lake
shorelines.
SUMMARY OF STRATEGIC DREDGING ACTIVITIES
Strategic dredging of the lake was performed by Michigan Hydraulic Dredging, Inc.
(MHD) during the Summer and Fall of 2014. The dredging operations began in early
July and were completed in late September. The dredging operations were performed
within the eastern and northeasten portions of the lake and extended from north of the
boat launch area to south of the picinic pavillion. During the dredging operations, over
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55,000 cubic yards of mucky sediment was removed from the lake bottom. In addition,
approximately ⅓ of the total amount of water contained in the lake was pumped from
the lake during the dredging operations.
LAKE EUTROPHIFICATION PROCESS
All lakes undergo and natural process of nutrient (i.e., phosphorus and nitrogen)
enrichment and sedimentation. In this process, known as eutrophication, nutrients and
sediment contribute to the ever-increasing growth of algae and aquatic plants and the
eventual filling of the lake. Under natural conditions, thousands of years are typically
required for a lake to gradually fill up with organic matter and sediments. However,
human activites that contribute sediments and excess nutrients can greatly accelerate
the eutrophication process and degrade the quality of a lake.
Lakes are classified by their degree of eutrophication (trophic state). A lake’s ability to
support plant and animal life (biomass) defines its trophic state, or productivity. There
are three primary trophic states for lakes— oligotrophic, mesotrophic, and eutrophic.
Oligotrophic lakes are usually deep, with clear water, low nutrient concentrations, and
few aquatic plants and algae. Mesotrophic lakes are richer in nutrients and produce
more algae and aquatic plants. Eutrophic lakes are often shallow and characterized
by abundant algae and plants, high nutrient concentrations, limited water clarity, and
low dissolved oxygen in the bottom waters.
The trophic state of a lake can be determined in several ways. Water transparency,
dissolved oxygen, nutrient levels (phosphorus and nitrate-nitrogen) and pH are among
the water chemistry parameters that characterize the trophic classification of a lake.
The trophic state classification of a lake does not necessarily indicate good or bad
water quality because eutrophication is a natural process. It is possible for a lake that is
shallow and naturally eutrophic to be considered to be in a healthy condition if the fish
are thriving and the algae and aquatic plants do not restrict lake users.
A lake may be considered at risk or impaired if it has more algae or aquatic plants than
in the past. Increasing levels of aquatic plants and algae are often signs of accelerated
eutrophication.
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Figure 4: Characteristics of Trophic State of Lakes

2015 WATER QUALITY ANALYSIS PROCEDURES AND RESULTS
As part of our lake management plan investigation, Applied Geotechnical Services, Inc.
(AGS) visited the site on Saturday June 20, 2015 to perform secchi disk transparency
measurements, water sampling, and analytical testing of water samples. The water
testing was performed to assess the current trophic state of the lake (i.e., the health or
quality of the lake) and to provide a basis for development of an appropriate
maintenance and management plan.
Secchi disk transparency measurements and water sampling was performed at a total
of three (3) locations as shown in Figure 5. The water samples were obtained from the
photic zone. The water quality testing of the water samples was performed in
accordance with standard titrimetric and colormetic procedures. The water quality
parameter are discussed below.
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Figure 5: Lake Arrowhead Secchi Disk & Water Sample Locations (SL= Sample Location)

Secchi Disk Transparency Testing
Secchi disk transparency testing is commonly used to quantify water clarity and to
provide an indirect measure of lake productivity. The testing is performed by lowering a
round, black and white, 8-inch diameter disk attached to a calibrated line into the lake
water. The disk is slowly lowered until it is no longer visible and the depth is recorded.
The disk is then slowly raised until it becomes visible once again and the depth at which
the disk reappears is also recorded. The average of the two depths is the Secchi
Transparency number.
The Secchi disk transparency was 15 feet and 19 feet at the location of Sample
Locations 1 and 2. At the location of Sample Location 3, the Secchi disk was still
visible at the bottom of the lake. These values indicate the the lake is in an oligotrophic
state.
Dissolved Oxygen
The amount of dissolved oxygen in the water is an important indicator of overall lake
health. Oxygen is supplied naturally to a lake by the diffusion of atmospheric oxygen
into the water; and the production of oxygen through photosynthesis by aquatic plants
and algae. Oxygen is readily dissolved in water and naturally moves (diffuses) from
the air into the water. Agitation of the water surface by winds and waves enhances this
diffusion process. Vertical mixing of the water, aided by winds, distributes the oxygen
within the lake. In this manner, it becomes available to the lake's community of oxygendependent organisms.
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Water temperature affects the capacity of water to retain dissolved oxygen. Cold water
can hold more oxygen than warm water. Therefore, a lake will typically have a higher
concentration of dissolved oxygen during the winter than the summer.
The dissolved oxygen level of the water samples was determined by standard
titrometric methods. The testing indicated the water samples possessed dissolved
oxygen values ranging from 8 to 9 parts per million (ppm). These values indicate
relatively high dissolved oxygen levels favorable for most native species of game fish.
pH & Total Alkalinity
pH is a measure of the concentration of hydrogen ions on a scale of 0 to 14. The lower the
pH, the higher the concentration of hydrogen ions. Substances with a pH of 7 are neutral. A
reading less than 7 means the substance is acidic. If the pH is greater than 7, it is basic
(alkaline). Because the pH scale is logarithmic, each whole number increase or decrease
on the 0 to 14 scale represents a 10-fold change in acidity. Lakes with pH values of 7.5 or
higher are typically considered to be hard water lakes.
The pH testing indicated the water samples possessed a pH value of 7.5. Accordingly, the
test results indicate Lake Arrowhead is a moderately hard to hard water lake.

Alkalinity (expressed in milligrams per liter (mg/L) or parts per million (ppm) of calcium
carbonate (CACO3) represents the water’s capacity to resist changes in pH that would
make the lake more acidic. This capacity is commonly known as "buffering capacity."
Alkalinity refers to the capability of water to neutralize acid. The alkalinity of
groundwater is determined by the soil and bedrock through which it passes.
Alkalinity is important for fish and aquatic life because it protects or buffers against
rapid pH changes. Living organisms, especially aquatic life, function best in a pH range
of 6.0 to 9.0. Higher alkalinity levels in surface waters will buffer acid rain and other
acid wastes and prevent pH changes that are harmful to aquatic life. For the protection
of aquatic life, the buffering capacity should be at least 20 parts per million (ppm).
The water samples possessed alkalinity values ranging from 88 to 112 ppm calcium
carbonate indicating the water has good capacity to neutralize acids and resist change
in pH. In addition, the relatively high levels of calcium and magnesium tend to bind with
phosphorous and other nutrients limiting their availability to be used by aquatic plants.
Nitrate-Nitrogen
Nitrogen, along with phosphorus are essential nutrients for the growth of algae, fish,
and aquatic plants. However, too much nutrients can enrich or pollute a lake and
accelerate the eutrophication process by contributing to excessive growth of algae and
aquatic plants. Nitrogen is the nutrient applied in the largest quantities for lawn and
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garden care and crop production. In addition to fertilizer, nitrogen occurs naturally in
the soil in organic forms from decaying plant and animal residues. In the soil, bacteria
convert various forms of nitrogen to nitrate, a nitrogen/oxygen ion (NO 3-). The majority
of the nitrogen used by plants is absorbed in the nitrate form. However, nitrate is highly
leachable and readily moves with water through the soil profile. If there is excessive
rainfall or over-irrigation, nitrate will be leached below the plant's root zone and may
eventually reach groundwater and eventually enter the lake.
Nitrate-nitrogen (NO3-N) in groundwater may result from point sources such as sewage
disposal systems and livestock facilities, non-point sources such as fertilized cropland,
parks, golf courses, lawns, and gardens, or naturally occurring sources of nitrogen.
The test results indicated the water samples possessed nitrate-nitrogen levels below
0.1 ppm, indicating very low levels of this nutrient and good water quality.
Phosphorus
As discussed above, phosphorus along the nitrogen are the main nutrients found in a
freshwater lake. While some phosphorus is essential for a health lake ecosystem, too
much phosphorus can enrich or pollute a lake and accelerate the eutrophication
process by contributing to excessive growth of algae and aquatic plants. Conversely,
the lack of availability of phosphorus in moderately hard to hard water lakes often limits
plants and algal growth.
The phosphorus level in the water samples was estimated by using standard
correlations with total phosphate concentrations. Based on these correlations, we
estimate the total phosphorus levels in the water samples ranged from 5 to 10 parts per
billion (ppb). Total phosphorus levels less than 10 ppb indicate oligotrophic conditions
with low productivity.

Sample

Summary of 6-20-2015 Water Quality Test Results
Dissolved Oxygen
NitrateTotal Alkalinity
pH
(ppm)
Nitrogen (ppm)
(ppm CaCO3)

SL-1
9
<0.1
112
7.5
SL-2
8
<0.1
92
7.5
SL-3
8
<0.1
88
7.5
 * Total Phosphorus Level Based on Correlation with Total Phosphates

Total
Phosphorus
(ppb)*
5-10
5-10
5-10

The water quality test results were used to assess the trophic state of Lake Arrowhead
based on the modified Carlson Trophic State Index (TSI) used by the Michigan
Department of Environmental Quality (MDEQ). The test results indicate the lake is in
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an oligotrophic state (i.e., lakes characterized by clear water, low nutrient
concentrations, and limited aquatic plants and algae).
AQUATIC VEGETATION CHARACTERIZATION
The predominant species of emergent aquatic plants observed during our site visit were
rushes (Juncus spp.), spikerushes (Eleocharis spp.), sedges (Carex spp.), and
bulrushes (Scirpus spp.). The predominant species of submergent aquatic plants
include muckgrass (Chara spp.), white water lily (Nymphaea odorata), and floating leaf
pondweed (Potamogeton spp.).

Rushes (Juncus spp.)

Spikerushes
spp.)

(Eleocharis

Sedges (Carex spp.)

White
Water
(Nymphaea odorata)

Bullrushes (Scirpus spp.)
Muskgrass (Chara spp.)

Floating leaf pondweed
(Potomogeton spp.)
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Rushes, spikerushes, sedges, and bulrushes are generally present along the shoreline while
floating leaf pondweed, muskgrass, and white water lilies were generally observed within the
northern and western portions of the lake.

LAKE MANAGEMENT RECOMMENDATIONS
At the present time, Lake Arrowhead can be classified as a moderately hard water,
oligotrophic lake with good water quality. Oligotrophic lakes are typically deep water
bodies, with clear water, low nutrient concentrations, and few aquatic plants and algae.
Marl Sediments
The water chemistry of Lake Arrowhead promotes the precipitation of calcium and
magnesium as marl sediment. We anticipate one of the primary challenges to preserving
the quality of Lake Arrowhead will be to manage the accumulation of marl sediments
especially from within the portions of the lake where groundwater recharge occurs
(springs). Unfortuneately, the relatively high levels of calcium and magnesium are a
naturally occuring phenomenon resulting from the characteristics of the subsoils within
the Lake Arrowhead watershed. It does not appear feasible to reduce the calcium and
magnesium levels. Warmer water temperatures, increased pH levels, and lower levels of
dissolved carbon dioxide all tend to increase the precipitation of marl.
The precipitation of marl likely occurs throughout the lake. However, it appears due to the
prevailing wind directions, marl stirred up from the bottom tends to migrate and build up
within the eastern portion of the lake, within the spring areas. Therefore, we recommend
consideration be given to establishing low wake areas within the shallow portions of the
lake to reduce disturbance and migration of the marl sediments.
Preservation of Lake Arrowhead Watershed
Currently, nutrient (phosphorus and nitrogen) levels within Lake Arrowhead are low. We
recommend future land use practices of the LAPOA property “upstream” from the lake
consider the potential impact on the lake’s water quality. Application of fertilizers and
herbicides, etc. within this area should be minimized. In addition, construction of storm
sewers, pavements and other features that reduce storm water infiltration into the
groundwater should be avoided when possible. Logging and oil and gas drilling within
this area should also be evaluated with respect to the potential impact on the lake.
The critical recharge area of the Lake Arrowhead watershed consists of the portion of the
watershed where the generalized direction of groundwater flow is towards the lake. The
approximate critical recharge area is shown in Figure 6.
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Figure 6: Lake Arrowhead Critical Recharge Area

Shoreline Management
According to the Michigan State University Kellogg Biological Station website, the
conversion of natural shoreline vegetation to shallow-rooted grass lawn areas, together
with increased boat traffic and wave action, contributes to shoreline erosion problems, the
migration of fertilizers and pesticides to the lake, and the loss of aquatic habitat. The
Michigan Department of Natural Resources recommends that at least 75 percent of a
lake’s shoreline remain undeveloped or be restored with natural vegetation to support a
healthy fish population. We recommend lakefront homeowners be encouraged to adopt
“lakescaping” practices such as presented in the booklet “Lakescaping for Wildlife and
Water Quality” by Carrol L. Henderson. The goals of lakescaping is to trap and infiltrate
stormwater thereby reducing the migration of sediments, lawn fertilizers, leaves, and
vehicle fluids into the lake. In addition, proper lakescaping enhances wildlife habitat and
contributes to shoreline erosion control.
Initial steps in converting from a landscape to a lakescape areas may include the
establishment of no-mow zones along the shoreline, with mowing only occurring to
maintain paths for access to beaches and docks. Ideally, a 20-foot deep, 36-inch high
no-mow zone should be established.
In addition to lakescaping for waterfront properties, we recommend the following
measures be considered:
1. Prohibiting the use of phosphorus fertilizers since excess phosphorus entering a
lake promotes the rapid growth of algae and weeds;
2. We understand homes within the LAPOA utilize on-site septic systems. We
recommend the LAPOA encourage property owners to have their septic systems
pumped or inspected by a qualified, licensed pumper, plumber or plumbing
inspector at least once every three (3) years;
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3. Encourage lakefront property owners to minimize hard surfaces (driveways, decks,
compacted soils, roof tops, etc.) that lead to stormwater runoff into the lake;

4. Encourage homeowners to promptly remove leaves from their property each Fall
and prohibit disposal of leaves into the lake. We also recommend the burning of
leaves in areas where runoff flows directly into the lake be prohibited .
5. Prohibit the filling of shoreline areas with sand. The addition of sand to a lake or
shoreline, where it can erode into the lake, accelerates the lake filling and
eutrophication process.

Aquatic Plant Control
Excess aquatic vegetation can interfere with the recreational use of the lake and promote
eutrophication. However, it should be noted that some aquatic vegetation is vital to a healthy
lake ecosystem. Among the benefits provided by aquatic plants are production of oxygen
during photosynthesis, acting as a food and habitat source for fish and other organisms, and
helping to reduce erosion of shorelines and bottom sediments within shallow areas of the lake.
Therefore, the goal of aquatic plant control program should be the removal of vegegation from
limited problem areas where recreational use is being impacted.
Removal or problem vegetation can be achieved by the application of herbicides or by
mechanical harvesting . Michigan Public Act 368 of 1978 mandates that a permit be obtained
from the MDEQ prior to the application of herbicides to inland lakes. In addition, it should be
noted that vegetation killed by chemical treatments tend to sink to the bottom of the lake and
contribute to the accumulation of organic muck on the lake bottom that promotes additional
aquatic plant growth. In addition, the decay of the dead vegetation involves the consumption of
dissolved oxygen by bacteria. Homeowners applying herbicides to kill offshore aquatic plants
should be encouraged to removed the dead vegetation from the lake.
We recommend any future large scale aquatic plant removal operations include the use of
mechanical harvesting methods. These methods remove the vegetation from the lake and
avoid the problems associated with decaying vegetation.
We hope this information is sufficient for your present needs.
regarding this letter, please contact us.

If there are any questions

Respectfully,
APPLIED GEOTECHNCIAL SERVICES, INC.
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