June 29, 2016
Mr. Chris Speen, Roads & Maintenance Chairperson
Lake Arrowhead Property Owners Association
7065 Arrowhead Trail
Gaylord, Michigan 49735
Re:

LAPOA Road Maintenance Evaluation
Lake Arrowhead
Section 32, Township 30 North, Range 4 West
Hayes Township, Otsego County, Michigan
AGS Project No. 16-1054

Dear Mr. Speen:
In accordance with your request, Applied Geotechnical Services, Inc. (AGS) has
performed an evaluation of the existing Lake Arrowhead Property Owners Association
(LAPOA) roadways. This report documents of field exploration procedures and
observations and presents our evaluations and recommendations for roadway
maintenance operations.
BACKGROUND INFORMATION & PURPOSE
LAPOA currently owns and maintains approximately 13 miles of gravel-surfaced
roadways and approximately 5,000 lineal feet of a paved roadway (Arapahoe Trail)
within the 2,000-acre LAPOA property. The LAPOA roadways were constructed in the
1960s.
The roads were reportedly constructed without engineering design,
specifications, or quality control. Poor performance of the gravel-surfaced roadways
has apparently been experienced since the 1970s. Significant deterioration of the road
quality reportedly occurs during the wet periods from early October through midNovember and from mid-March through early May. We understand the roadway
deterioration generally consists of rutting and pothole formation within the flat portions
of the roadways and the development of gulley erosion along the sides of the sloped
portions of the roadways.
We understand LAPOA previously retained the services of a local earthwork contractor
on a periodic basis to repair the roadways by reshaping and restoring the crown of the
roadways with a motor grader (aka road grader). In addition, LAPOA recently retained
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the services of J&N Construction, Inc. of Gaylord, Michigan to strip and reconstruction
problematic portions of the roadways located along Arenac Trail in the vicinity of the
equipment barn and along Newago Trail between Crow Trail and Sagola. Despite
these reconstruction efforts, we understand these areas have continued to perform in
an unsatisfactory manner.
The purpose of the present study is to review and evaluate the cost effectiveness of the
current roadway maintenance program and determine whether any reasonable
engineering measures can be considered to reduce the maintenance costs. In addition,
the purpose of the present study is to evaluate the condition of the existing paved
roadway and assess the remaining useable life of the pavement.
CURRENT MAINTENANCE PROCEDURES
Based on our conversations with LAPOA board members and Mr. Tim Wheaton,
LAPOA Road and Maintenance Employee, the gravel-surfaced roadways are currently
maintained by spreading addition road gravel to fill the potholes and ruts that generally
develop during wet periods. These operations are performed with a dump truck fitted
with a “belly blade”. We understand the annual maintenance costs for the roadways
are approximately $10,000.
LAPOA currently purchases “23A Afton Stone” from J&N Construction at a cost of
$13.54 per ton. However, we understand LAPOA previously used a road gravel
containing a higher percentage of clay. Mr. Jeff Anagnostou conducted a telephone
interview with Mr. Tom Dean, Engineer for the Otsego County Road Commission
regarding the use of 23A Afton Stone and standard gravel road maintenance
procedures performed by the Road Commission. The various aggregate alternatives
for gravel road surfaces were discussed with Mr. Dean. Mr. Dean indicated 23A Afton
Stone was a suitable material and recommended LAPOA continue to use this
aggregate for their roadways.
Based on our visual observations and discussions with Mr. Tim Wheaton, we
understand the dump truck-belly blade currently used to spread the 23A Afton Stone
road gravel is severely limited in its capabilities. Specifically, we understand the blade
is only capable of moving a limited amount vertically and laterally. It is not possible to
adjust the pitch of the blade.
As discussed in a subsequent section of this report, we believe regular reshaping and
rebuilding of the roadway crowns is critical to satisfactory performance. During our
telephone discussion, Mr. Dean also indicated the need for periodic reshaping and
crowning of the roads. Unfortunately, the existing dump truck-belly blade owned by
LAPOA does not appear to be capable of reshaping and crowing the roads.
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FIELD EXPLORATION PROCEDURES
The field exploration to determine the composition of the existing gravel roads and
subgrade soils was performed by Jeff Anagnostou, P.E., C.P.G. on June 25, 2016. The
field exploration included performing a total of four (4) United States Army Corps of
Engineers (USACOE) Dynamic Cone Penetrometer (DCP) tests and hand auger
borings within the gravel roads to a depth of 3 feet below the ground surface. The hand
auger borings have been designated as HA-1 through HA-4. The approximate
DCP/hand auger locations are presented on the Schematic DCP/Hand Auger Location
Plan attached to this letter report.
At each hand auger location, DCP tests were then performed to a depth of 24 inches in
accordance with the United States Army Corps of Engineers (USACOE) DCP test
procedures. In the USACOE DCP test, a 60 degree, 0.79-inch diameter base, cone tip
is driven into the soil using a 17.6 pound single-mass hammer with a 22.6-inch drop.
The DCP blow counts for each two-inch increment of penetration were recorded. The
results were used to estimate the relative density of the subgrade soils. The results of
the DCP testing are presented on the DCP Test Report appended to this letter.
SOIL AND GROUNDWATER CONDITIONS
Approximately 5 to 6 inches of 23A Afton Stone was encountered at the locations of
HA-1 and HA-2. Approximately 2 inches of silty clay fill (apparent fines washed out of
the road gravel material) was encountered at the location of HA-3 and approximately 6
inches of silty fine to medium sand fill was encountered at the location of HA-4. The
underlying roadway subgrade soils typically consisted of silty fine to medium sands to a
depth of 6 inches, followed by fine to medium sands that extended to the maximum
explored depth of approximately 3 feet. The DCP test results indicated the silty and
fine to medium sand sands were generally in a loose condition indicating low subgrade
support conditions.
No groundwater seepage was encountered in any of the hand auger locations.
The logs of the hand auger borings are attached to this letter report.
IDEAL GRAVEL ROAD CROSS SECTION
As shown on Figure 1, the ideal gravel road cross section for optimum performance
includes:
1. A crown with a slope of approximately 4 percent (i.e., ½-inch of crown per foot);
2. A shoulder area that slopes away from the edges of the driving surface, and;
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3. A flat bottom drainage ditch along each side of the roadway.
Experience has shown problems development quickly when a proper crown is not
maintained. A properly constructed crown allows water to drain off the roadway surface
during a rain event and snow melt conditions. Without a proper crown, water tends to
pool on the roadway and soften the road surface resulting in rutting and pothole
formation.

Figure 1: Ideal Gravel Road Cross Section

The shoulder portion of the roadway provides lateral support to the trafficed portion of
the road and promotes drainage by allowing water to flow off the road to the ditchs.
The shoulder should be at the same elevation as the edge of the roadway. If the berm
of road gravel or soil is allowed to collect at the edge of the roadway, drainage off the
road will be blocked.
The Federal Highway Administration (FHWA) recommends the ditches have a flat
bottom and a foreslope no steeper than 3 units horizontal to 1 unit vertical (3H:1V).
Based on our observations, it is apparent insufficent right-of-way is available along the
majority of the roadways to construct the idea roadway cross section. However, the basic
shape of the cross section must be established and maintained or the roadways will not
perform in a satisfactory manner. Future decisions regarding investments in roadway
improvments should consiser this factor.
OBSERVATIONS & FINDINGS
During our site visit, we observed several problems with the exisitng roadway cross
sections including the following:
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1. Insufficient gravel thickness. FHWA recommends a mininum gravel thickness of
6½ inches for low traffic gravel roads with low subgrade support conditions
subjected to 0 to 5 heavy trucks per day and 8½ inches for roadways subjected to
5 to 10 heavy trucks per day. An average gravel thickness of approximately 5 to 6
inches was encountered at the location of HA-1 and HA-2. However, it appears
several portions of the roadways have a sand surface and no gravel, including at
the locations of HA-3 and HA-4. Therefore, it is apparent the roadways typically
possess an insufficent thickness of gravel;
2. As shown in Photographs 1 and 2, the roadways are generally flat with no crown.
Accordingly, proper drainage does not occur;

Photograph 1: Arenac Trail Facing East – No Crown Present.
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Photograph 2: Newago Trail Facing East – No Crown Present.

3. As shown in Photograph 3, windrowed road gravel and soils were commonly
present along the edge of the roadways blocking proper drainage of water off the
trafficed surface. Photograph 3 also shows the former high water level along the
side of the road from a recent rain event as evidenced by the line of pollen
visible along the windrow;
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Photograph 3: Windrowed Gravel Along Edge of Newago Trail Blocking Drainage.

4. Windrowed gravel along the edges of the roadway at sloped areas channeling
run-off water between the windrow and the trafficed portion of the road leading ot
the formation of erosional gulleys (See photograph 4).
1. Segregation and wash out of the road gravel fines (i.e., silts and clays) and
collection in low areas forming a low permeability “liner” preventing drainage
through the underlying silty and fine to medium sand subgrade soils.
Photograph 5 and 6 shows a 2-inch thick clay “liner” encountered at the location
of HA-3 along Okemos Trail.
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Photograph 4: Gulley Erosion Developing Along Side of Roadway Next to Windrow.

Photograph 5: Clay “Liner” Along Okemos Trail near Address 1357 Okemos Trail.
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Photograph 6: Close Up of Clay “Liner” Encountered at HA-3 Along Okemos Trail.

ROADWAY MAINTENANCE EVALUATION & RECOMMENDATIONS
It is apparent the effectiveness of the existing maintenance procedures for the gravel
roadways is limited to temporarily improvement of the roadway by filling of potholes and
ruts. Furthermore, due ot the apparent limitations of the dump truck-belly blade,
spreading of the 23A Afton Stone leads to the development of pronounced windrows
along the edges of the roadway blocking drainage and promoting further softening and
deterioration of the roadway surface. In addition, the windrows lead to gulley erosion
along the edges of the roadways within the hilly areas.
If the LAPOA chooses to take no further actions other than to continue the current
maintenance operations employing the current LAPOA-opwned equipment, we
recommend the potholes and ruts be filled with a clean crushed aggregate containing
minimal fines such as MDOT 17A, 25A or 26A. We anticipate the unit cost for this
material will be slightly more than the cost of the 23A Afton stone. However, we believe
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the clean crushed aggregate will provide a reasonable improvement of the roadway
performance as compared to the 23A Afton Stone. The fractured faces of the clean
crushed aggregate readily interlock when placed in potholes and ruts and compacted.
The crushed aggregate can be compacted by tracking with the dump truck. In addition,
windrows formed from the clean crushed aggregate will have much less impact on
drainage due to their open-graded nature.
We believe it may be possible, though labor intense, to use the existing LAPOA light
tractor to remove the exisitng windrows and redistribute the 23A over the roadway
surface. We anticipate this would provide a moderate improvement to the current
roadway drainage.
We anticipate significant improvement of the roadway performance can be achieved by
reshaping the roadways, constructing proper crowns and, where possible, constructing
ditches along the sides of the roadways. The existing windrows should be eliminated
by capturing the windrowed material with a motor grader blade and spreading the
material over the trafficed portion of the roadways. Where right-of-way restrictions
preclude construction of a proper ditch, the crown of the road may be increased slightly
to help promote proper drainage. The shaping and crowning of the roads should be
performed in accordance with Unit 1.2 of the FHWA Gravel Roads Construction &
Maintenance Guide dated August 2015.
We note, as with all gravel roads, the reshaping, crowning, and ditch maintenance must
be performed on a regular basis. However, as previously noted, the existing LAPOA
equipment does not appear suitable for performing this work. Accordingly, we believe
LAPOA may either invest in a suitable motor grader or retain the services of a local
earthwork contractor. We understand J&N Contractors recently charged LAPOA a fee
of approximately $5,000 to reconstruct approximately 200 lineal feet of Arenac Trail
near the equipment barn. Depending on economy of scale, we estimate the cost of
reshaping, crowning and ditching the roadways may be approximately $110,000 to
$130,000 per mile. Based on our review of the motor graders listed for sale in Michigan
on the Machinio.com website, we anticipate the cost of a used motor grader may be in
the range of $125,000 to $175,000. Annual operating and maintenance/repair costs
should also be considered.
ARAPAHOE TRAIL
During our site visit, AGS observed the condition of the existing asphalt paved
Arapahoe Trail. The roadway appears to generally be in a fair to good conditions. As
shown in Photograph 7, transverse (i.e., perpendicular to the road) cracking of the
asphalt was observed at several locations. The transverse cracking appears to be the
result of normal oxidation of the asphalt bitumen with resulting loss of elasticity. The
pavement then tends to crack when undergoing thermal expansion and contraction.
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Photograph 7: Typical Transverse Cracks Along Arapahoe Trail.

In addition, we observe longitudinal cracking of the pavement along the roadway
shoulder approximately 200 yards east of the mailboxes. Photograph 8 presents a view
of this area. We anticipate the longitudinal cracking is a result of loss of support from
the roadway shoulder. The shoulder appeared to have eroded within this area and was
lower than the pavement surface.
We recommend the cracks be cleaned, a herbicide applied, and the cracks then sealed with an
approved low modulus, high elasticity, hot-pour liquid sealant. In addition, we recommend the
roadway shoulder adjacent to the longitudinal cracks be reconstructed.

We note that all pavements need periodic repairs and maintenance to keep them in a
serviceable condition; otherwise, the service life can be reduced significantly. We
recommend crack sealing and shoulder reconstruction activities be performed on a
regular basis. Provided these maintenance activities are performed, we anticipate
Arapahoe Trail will have several years of useful life.
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Photograph 8: Longitudinal Cracks Located East of the Mailbox Area.

We thank you for the opportunity to provide our services to you on this project. If there
are any questions regarding this letter, please contact us.
Respectfully,
APPLIED GEOTECHNICAL SERVICES, INC.

�r:��

C,4ettt1e/T. Anagnostou, C.P.G., P.E.
Geotechnical Engineer/Principal
Encl: Schematic DCP/Hand Auger Location Plan, Log of Hand Auger Borings, DCP
Test Results
2 pc: encl.
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LOG OF HAND AUGER BORINGS
LAPOA ROAD MAINTENACE EVALUATION
HAYES TOWNSHIP, OTSEGO COUNTY, MICHIGAN
Hand Auger 1:

Ground Surface Elevation: N/A

Date: 6-25-16

Depth Interval (feet):

Encountered Soil Conditions:

0 – 6”

Groundwater:
Location:

23A Afton Stone -Silty Fine to Coarse Sand &
Gravel
Silty Fine to Medium Sand – trace gravel – dark
brown (SM)
Fine to Medium Sand – trace silt & gravel (SP-SM)
Dry
3604 Arenac Trail in front of Equipment Barn

Hand Auger 2:

Date: 6-25-16

6” – 18”
18” – 36”

Ground Surface Elevation: N/A
Depth Interval (feet):
Encountered Soil Conditions:
Mixed
23A
Afton Stone (Silty Fine to Coarse Sand
0-5”
5” – 40”
Groundwater:
Location:

& Gravel) & Topsoil
Fine to Medium Sand – trace silt – trace to some
gravel (SP-SM)
Dry
± 7064 Newago

Hand Auger 3:

Date: 6-25-16
Ground Surface Elevation: N/A
Depth Interval (feet):
Encountered Soil Conditions:
Silty Clay – Fill (Road Gravel Washout)
0 – 2”
Silty Fine to Medium Sand – trace gravel – dark
2” – 6”
6” – 36”
Groundwater:
Location:

brown (SM)
Fine to Medium Sand – trace silt & gravel – brown
(SP-SM)
Dry

± 1357 Okemos Trail

Hand Auger 4:

Date: 6-25-16
Ground Surface Elevation: N/A
Depth Interval (feet):
Encountered Soil Conditions:
Silty
Fine to Medium Sand Fill – brown (SM)
0 – 6”
Fine to Medium Sand – trace silt & gravel – brown
6” – 36”
Groundwater:
Location:

(SP-SM)
Dry

Shiawassee Trail & Iroquois Trail

DCP Test Report
Project Name:
Location:
Client:
Test Location:

LAPOA Road Maintenance Evaluation

Project #:

16-1054

Date:

6/25/16

Hayes Township, Otsego County, Michigan
LAPOA

1

Report #:

Material Description:

DCP Blow Counts (per 2 inches)
2

4

6

8

10

12

14

16

18

20

22

24

3604 Arenac Trail

23A/Silty Sand/Fine to Medium Sand

9

13

23

22

14

9

10

8

7

7

6

6

7064 Newago Trail

23A/Fine to Medium Sand

3

2

1.5

1.5

1.5

1.5

1

2

2

2

3

4

1357 Okemos Trail

Silty Clay Fill/Silty Sand/Fine to Medium Sand

2

3

3

4

3

3

3

2

1.5

1

1.5

1.5

Shiawassee & Iraquois

Silty Sand Fill/Fine to Medium Sand

3

2

2

2.5

2

3

3

2

3

2.5

2.5

3

Remarks:
Hand Auger Borings/DCP Testing Performed Within Existing Gravel Roadways
Reported By: JTA

Reviewed By:

Jefferey T. Anagnostou, P.E., C.P.G.
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