June 28, 2018
Mr. Chris Speen, Roads & Maintenance Chairperson
Lake Arrowhead Property Owners Association
7065 Arrowhead Trail
Gaylord, Michigan 49735
Re:

2018 Water Quality Testing & Lake Management Plan
Lake Arrowhead
Section 32, Township 30 North, Range 4 West
Hayes Township, Otsego County, Michigan
AGS Project No. 18-5088

Dear Mr. Speen:
In accordance with your request, Applied Geotechnical Services, Inc. (AGS) has
completed the 2018 installment of the Task 2 – Annual Testing & Monitoring of Lake
Management Plan as presented in AGS Proposal No.14-5127 – Rev. 1 dated January
6, 2016. This letter documents the 2018 lake water sampling and analysis procedures
and presents the results of our water quality testing and observations.
BACKGROUND
The Lake Arrowhead 2015 Water Quality Testing & Lake Management Plan report was
submitted to the Lake Arrowhead Property Owners Association (LAPOA) in September
2015 (AGS Report No. 15-5067 dated September 4, 2015). The 2016 and 2017 Water
Quality Testing & Lake Management Plans were submitted in June 2016 (AGS Report
No. 16-5053 dated June 28, 2016) and June 2017 (AGS Report No. 17-5053 dated June
12, 2017), respectively. These reports presented a characterization of the Lake
Arrowhead watershed and presented the results of the water quality analyses as
determined by Secchi Disk Transparency, Dissolved Oxygen, pH, Total Alkalinity, NitrateNitrogen, and Phosphorus testing. The results of the 2015 through 2017 water quality
testing indicated Lake Arrowhead was in an oligotrophic state (i.e., lakes characterized
by clear water, low nutrient concentrations, and limited aquatic plants and algae).
The predominant species of emergent aquatic plants observed during our previous site
visits included rushes (Juncus spp.), spikerushes (Eleocharis spp.), sedges (Carex
spp.), and bulrushes (Scirpus spp.). The predominant species of submergent aquatic
plants included muckgrass (Chara spp.), white water lily (Nymphaea odorata), and
floating leaf pondweed (Potamogeton spp.).
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2018 GROUNDWATER OBSERVATION WELL READINGS
During our 2018 site visit, AGS obtained groundwater level readings from the four (4)
groundwater observation wells installed during the 2012 Hydrogeologic Exploration. As
shown on the following table, the groundwater level within the four wells has risen
approximately 0.7 to 0.9 feet since the previous groundwater level readings obtained on
June 10, 2017 and approximately 2.1 to 2.5 feet since the September 20, 2014
readings, performed at the end of the strategic dredging operations.
TABLE I: SUMMARY OF GROUNDWATER LEVEL READINGS
Well No.
OW-1
OW-2
OW-3
OW-4
T.O.C. Elev. (ft)
1298.50
1282.68
1302.3
1309.80
G.S. Elev. (ft)
1295.45
1279.58
1299.0
1307.00
6/30/12 GW Elev.
1264.7
1261.7
(ft)
7/20/12 GW Elev.
1264.4
1261.7
(ft)
8/14/12 GW Elev.
1264.5
1261.2
(ft)
5/24/14 GW Elev.
1266.4
1262.9
(ft)
7/03/14 GW Elev.
1266.9
1263.2
(ft)
9/20/14 GW Elev.
1267.1
1263.2
(ft)
6/20/15 GW Elev.
1267.5
1263.8
(ft)
6/25/16 GW Elev.
1268.2
1264.3
(ft)
6/10/17 GW Elev.
1268.5
1264.6
(ft)
6/25/18 GW Elev.
1269.4
1265.3
(ft)
 T.O.C. = Top of Casing, G.S. = Ground surface

1262.6

1256.2

1262.6

1256.1

1262.1

1255.3

1264.2

1257.7

1264.5

1258.2

1264.7

1258.4

1265.3

1259.2

1265.9

1259.7

1266.3

1260.0

1267.0

1260.9

We note that Well Nos. OW-1 and OW-2 are located in an up-gradient groundwater
flow position with respect to the Lake Arrowhead water body. OW-3 and OW-4 are
side-gradient and down-gradient, respectively. As shown in the Table I, the up-gradient
wells have risen approximately 2.1 to 2.3 feet since the completion of the dredging
operations. The side and down-gradient wells have risen approximately 2.3 to 2.5 feet.
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We understand the elevation of the Lake Arrowhead water level has not be surveyed
recently. We continue to believe it would be of interest to survey the elevation of the
lake along the shoreline west of the picnic pavillion.
2018 WATER QUALITY ANALYSIS PROCEDURES AND RESULTS
As part of our lake management plan investigation, AGS visited the site on Monday
June 25, 2018 to perform secchi disk transparency measurements, water sampling, and
analytical testing of water samples obtained from the lake. 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 comparison with the 2015 through 2017 test results.
Secchi disk transparency measurements and water sampling was performed at a total
of three (3) locations as shown in Figure 1. The water samples were obtained from the
near surface photic zone. The water quality testing of the water samples was
performed in accordance with standard titrimetric and colormetic procedures. The
water quality parameters are discussed below.

Figure 1: Lake Arrowhead Secchi Disk & Water Sample Locations (SL= Sample Location)
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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 readings are presented in Table II. As shown in the
table, the disk was still visible at the bottom of the lake at depths of 8 to 17 feet. These
values are favorable and indicate the the lake is in an oligotrophic state.
TABLE II: SECCHI DISK TRANSPARENCY TEST RESULTS
SECCHI DISK VISIBILITY DEPTH (FT)
Location
2015 Results
SL-1
15
SL-2
19
SL-3
Visible on Bottom
2016 Results
SL-1
15
SL-2
15
SL-3
Visible on Bottom – 13’
2017 Results
SL-1
Visible on Bottom – 5’
SL-2
16
SL-3
Visible on Bottom – 6’
2018 Results
SL-1
Visible on Bottom – 8’
SL-2
Visible on Bottom – 17’
SL-3
Visible on Bottom – 10’
We note that secchi disk testing/sample locations depicted in Figure 1 are approximate.
Variations in the specific locations have occurred.
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
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diffusion process. Vertical mixing of the water, aided by winds, distributes the oxygen
within the lake.
The dissolved oxygen level of the 2018 water samples was determined by standard
titrometric methods. The testing indicated the water samples possessed dissolved
oxygen values ranging from 10.0 to 11.0 parts per million (ppm). These values
represent a slight improvement over the previous results and a indicate relatively high
dissolved oxygen levels.
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). Lakes with pH values of 7.5 or higher are typically
considered to be hard water lakes.
The 2018 pH testing indicated the water samples possessed a pH value of 7.0 to 7.5.
Accordingly, the test results indicate Lake Arrowhead is a moderately hard to hard
water lake. We note that rain events occurred within 48 hours prior to the 2018 water
sampling event. Since rain in Michigan is typically slightly acidic, it is possible the pH
level of the lake water was slightly reduced at the time of the sampling event.
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.
The 2018 water samples possessed alkalinity values ranging from 96 to 1112 ppm
calcium carbonate, indicating the water has good capacity to neutralize acids and resist
changes 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.
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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. 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 (NO3-). The majority of the nitrogen
used by plants is absorbed in the nitrate form.
The 2018 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 with nitrogen are the main nutrients found in a
freshwater lake. While some phosphorus is essential for a healthy 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.
A summary of the 2015 through 2018 water quality test results are presented in Table
III below.
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TABLE III: SUMMARY OF 2015 - 2018 WATER QUALITY TEST RESULTS
Summary of 6-20-2015 Water Quality Test Results
Sample Dissolved Oxygen
NitrateTotal Alkalinity
pH
Total
(ppm)
Nitrogen (ppm)
(ppm CaCO3)
Phosphorus
(ppb)*
SL-1
9
<0.1
112
7.5
5-10
SL-2
8
<0.1
92
7.5
5-10
SL-3
8
<0.1
88
7.5
5-10
Summary of 6-25-2016 Water Quality Test Results
Sample Dissolved Oxygen
NitrateTotal Alkalinity
pH
Total
(ppm)
Nitrogen (ppm)
(ppm CaCO3)
Phosphorus
(ppb)*
SL-1
8.5
<0.1
110
7.3
5-10
SL-2
8.4
<0.1
102
7.3
5-10
SL-3
8.5
<0.1
105
7.4
5-10
Summary of 6-10-2017 Water Quality Test Results
SL-1
8.5
<0.1
108
7.8
5-10
SL-2
8.0
<0.1
108
7.3
5-10
SL-3
9.0
<0.1
100
7.8
5-10
Summary of 6-25-2018 Water Quality Test Results
SL-1
10.0
<0.1
96
7.0
5-10
SL-2
10.8
<0.1
112
7.5
5-10
SL-3
11.0
<0.1
100
7.5
5-10
 * Total Phosphorus Level Based on Correlation with Total Phosphates
As in 2015 through 2017 water quality test results, the 2018 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 has remained in an oligotrophic state (i.e., lakes
characterized by clear water, low nutrient concentrations, and limited aquatic plants and
algae).
2018 AQUATIC VEGETATION CHARACTERIZATION
The predominant species of emergent and submergent aquatic plants observed during
our 2018 site visit were generally the same as observed during our 2015 through 2017
site visits. However, the amount of aquatic plants appears to have declined during the
last two years.
We did not identify the presence of phragmites australis during our 2018 site visit. It
appears the present phragmites australis control program continues to be effective.
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We understand LAPOA has retained the services of an aquatic weed control contractor
to treat the lake for phragmites for the next 8 years. We recommend the phragmites
treatments be continued as scheduled.
2018 LAKE MANAGEMENT SUMMARY
At the present time, Lake Arrowhead can be classified as a moderately hard to hard
water, oligotrophic lake with good water quality. The health of the lake remains good and
no imminent threats of degradation of the water quality was found during our site visit.
There appears to have been a slight improvement to the lake quality since our 2015 and
2016 evaluations.
We continue to encourage the implementation of the shoreline management practices
presented in the “The Water’s Edge” booklet published by the Michigan Department of
Natural Resources and Environment (MDNRE).
This booklet presents several
suggestions for establishing and maintaining shoreline enviroments that help promote
healthy lakes. The booklet suggests: “Along your shoreline, try to maintain a buffer
of native grasses, wildflowers, shrubs, and trees. Native plants especially good
for wildlife are sugar maples, bur oaks, cranberries, dogwoods, native grasses,
and wildflowers. Beneficial aquatic plants include bulrushes, wild rice,
arrowhead, cattails, and bur reeds.”
Several dead trees were observed on the former “island” areas within the western
portion of the lake that are currently submerged. The possibility of removing the dead
trees to eliminate potential boating hazards, etc. was discussed. While if may be
necessary to perform some removal for safety purposes, the Water’s Edge booklet
recommends leaving the dead trees and fallen limbs in place as much as possible to
provide habitat for fish, turtles, and other wildlife.
During our 2018 site visit, three (3) common loons (Gavia immer) were again observed.
We believe presence of the loons is further indication of the current health of the lake.
The Michigan Department of Natural Resources (MDNR) website states: “Their
(common loon’s) breeding habitat consists of inland lakes that have an abundant
population of fish and a large proportion of undeveloped shoreline. They prefer lakes
with a small island or bog mat to hold the nest (inaccessible to raccoons and other eggeating predators), in an area of little or no high speed boat traffic.”
As discussed in our previous reports, the water chemistry of Lake Arrowhead promotes
the precipitation of calcium and magnesium as marl sediment (“muck”). We believe 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).
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We recommend the lake management practices presented in our 2015 Water Quality
Testing & Lake Management Plan be continued.
We hope this information is sufficient for your present needs. If there are any questions
regarding this letter, please contact us. Thank you for your continued use of our
services.
Respectfully,

APPLIED GEOTECHNCIAL SERVICES, INC.

--r.�SL �
Jefferey T. Anagnostou, P.E., C.P.G.
Geo-Environmental Engineer/Principal
1 pc: encl.
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