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January 12, 2021 
ECT No. 200769 
 
Ron Race, President 
Lake Arrowhead Property Owners Association 
Hayes Township, MI 
 
Re: High Lake Level Study; Task 1 - Review Background Groundwater and Lake Level 

Data 
 
Dear Mr. Race: 
 
Introduction 

In August 2020, Environmental Consulting & Technology, Inc. (ECT) proposed three 
tasks to help the Lake Arrowhead Property Owners Association (LAPOA) study and 
manage high lake levels that are impacting shorelines. This letter report includes results 
of Task 1. In this task, existing groundwater and lake level data provided by LAPOA 
were reviewed and publicly available topographic data were collected to determine if 
creation of a lake outlet is remotely feasible before proceeding with Task 2. In our 
assessment, we outline two options for lake outlets, the full feasibility of which will need 
to be fully investigated. 
 
Previous Reports and Data 

As you know, according to the latest report (June 2018) by Applied Geotechnical 
Services, Inc. (AGS, 2018), groundwater elevations were measured 1 to 3 times almost 
every year at four well locations (OW-1, OW-2, OW-3, and OW-4) from June 2012 to 
June 2018 (Table 1). While there was no reported Lake level data, AGS reported in its 
June 2015 report that the lake level was approximately 2ft lower than groundwater level 
in OW-2 prior to the start of dredging (AGS, 2015). The same report from AGS also 
mentioned that actual surveying of the lake level has not been performed since 
completion of dredging. However, based on informal benchmarks established, the lake 
level has risen approximately 2ft (22 inches) since completion of dredging. The period of 
time covered by the data coincide with an increase in Great Lakes levels from record low 
levels in 2013 to record high levels in 2018, and with high recorded rainfall. 
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Table 1: Groundwater elevation data pre- and post-dredging operation 

 

Groundwater elevation readings         
(ft) 

Change in groundwater level since 
dredging started in July 2014          

(ft) 

Well ID OW-1 OW-2 OW-3 OW-4 OW-1 OW-2 OW-3 OW-4 

6/30/2012 1264.70 1261.70 1262.60 1256.20 - - - -

7/20/2012 1264.40 1261.70 1262.60 1256.10 - - - -

8/14/2012 1264.50 1261.20 1262.10 1255.30 - - - -

5/24/2014 1266.40 1262.90 1264.20 1257.70 - - - -

7/3/2014 1266.90 1263.20 1264.50 1258.20 - - - -

9/20/2014 1267.10 1263.20 1264.70 1258.40 0.20 0.00 0.20 0.20 

6/20/2015 1267.50 1263.80 1265.30 1259.20 0.60 0.60 0.80 1.00 

6/25/2016 1268.20 1264.30 1265.90 1259.70 1.30 1.10 1.40 1.50 

6/10/2017 1268.50 1264.60 1266.30 1260.00 1.60 1.40 1.80 1.80 

6/25/2018 1269.40 1265.30 1267.00 1260.90 2.50 2.10 2.50 2.70 

Source: Report prepared by AGS on June 28, 2018

 
Additional Data Collected 

The highest resolution topographic data available (30x30 feet) for the area was 
downloaded from USGS National Map1. Downloaded data was smoothed and projected 
to the local coordinate system2. The projected topographic data were then used to identify 
potential outlet locations, estimate drainage area of the lake, and create 5-foot interval 
elevation contours using ArcGIS modeling tools. Figure 1 shows the resulting drainage 
area of Lake Arrowhead, topographic contours, and water bodies. Figure 1 shows a large 
morainal complex lying southeast of Lake Arrowhead that forms the watershed divide 
between Lake Michigan and Lake Huron (Manistee River and Au Sable River 
respectively). The drainage area of the lake (Figure 1) is approximately 8.6 square miles 
with an overall drainage direction towards the south-west as mentioned in the AGS 
reports. 
 

 
1 https://viewer.nationalmap.gov/basic/#/productGroupSearch 
2 NAD_1983_2011_StatePlane_Michigan_North_FIPS_2111_Ft_Intl 
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Figure 1: Lake Arrowhead drainage area and surrounding topography shown with 5-foot 

contours 

Conclusions and Recommendations 

Based on the 2015 AGS report that the lake water level was approximately 2ft below the 
groundwater before dredging started and it has risen approximately 2ft from completion 
of dredging to 2015, it can be concluded that the lake water level after completion of the 
dredging is close to the groundwater level. This also indicates that the interaction 
between the lake and groundwater is well established: the lake level rises and falls as 
groundwater table rises and falls, as mentioned in the 2016 AGS report submitted to 
LAPOA. 
 
While the lake water level was 2ft lower than the groundwater level at OW-2 before 
dredging started, it has risen 2ft after dredging was completed in 2015, indicating that the 
lake level in 2015 was approximately the same as the groundwater level measured at 
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OW-2 before dredging in 2014 (i.e., ~1263.2 ft, Table 1). At the same time, the 
groundwater elevations at OW-2 in 2015 have risen 0.6 ft relative to the groundwater 
elevation at the same well before dredging (2014, Table 1). As a result, the lake water 
level in 2015 and afterwards may be approximately 0.6ft below the groundwater level at 
OW-2. 
 
Based on topography of the area around the lake, two potential outlet pathways were 
identified as indicated in Figure 2. 
 

 Pathway-1:  
o Requires a total of ~6,250 ft of conduit/ditch. 
o Construct ~1,350 ft of conduit/ditch connecting Lake Arrowhead to Pencil 

Lake. The ground surface along the route has an average elevation of 
~1270.6 ft. 

o Construct ~4,900 ft of conduit/ditch connecting Pencil Lake to a small 
pond with an existing natural outlet to the Manistee River. The ground 
surface along the route has an average elevation of ~1271.1 ft. 

 Pathway-2: 
o Requires a total of ~7,650 ft of conduit/ditch. 
o Construct ~7,650 ft of conduit/ditch connecting Lake Arrowhead directly 

to the small pond with an existing natural outlet to the Manistee River. 
o The ground surface along the route has an average elevation of ~1287.3 ft. 

 
Evaluation of the groundwater levels in Table 1 suggests that an approximate “low” lake 
level is 1,261 feet and an approximate “high” lake level is 1,265 feet. Based on reports 
that the current “high” water levels of approximately 1,265 feet are causing shoreline 
damage and the low water level before dredging (~1,261 ft) is undesirably low, a 
desirable high-water level is approximately 1,263 ft. Pathway 1 requires construction of a 
channel or burial of a conduit approximately 8ft deep along 6,250 ft. Pathway 2 requires 
burial of a conduit or construction of a channel approximately 24 ft deep along 7,650 ft. 
This comparison clearly indicates that Pathway 1 would require less excavation and cost 
less than Pathway 2. However, this does not mean Pathway 1 is better, because ECT has 
not evaluated the feasibility of either pathway, including feasibility criteria such as 
technical difficulty, land ownership, environmental impacts, downstream impacts to 
connected lakes, and permitting. ECT anticipates that these Pathways will have 
intermittent flow based on water provided by overflow from the lake outlet and the 
drainage areas downstream of the lake outlet. The actual amount of flow is to be 
determined during feasibility/design which is Task 2. 
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Figure 2: Potential Lake Arrowhead outlet pathways 

Lake level data are required to approximate the lowest and highest lake levels that are 
acceptable. Those critical design elevations are needed to estimate the outlet elevation. 
The outlet elevation will dictate the potential quantity and cost of earth work required to 
create the outlet based on the existing land surface along the two potential routes. 
 
Therefore, ECT recommends monitoring lake levels approximately monthly in 2021 
starting at ice-out and continuing through October. Groundwater levels at OW-2 should 
be monitored at the same time so that a historic lake level record can be reconstructed 
back through 2012 when groundwater monitoring started. This will provide assurance of 
the relationship between the groundwater elevation and the lake levels. 
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ECT also recommends proceeding with Task 2 and completing a feasibility analysis. 
However, Task 2 cannot be completed until lake level monitoring data are obtained 
through 2021. 
 
Sincerely, 
 
ENVIRONMENTAL CONSULTING & TECHNOLOGY, INC. 
 
 
 
  
Awoke Dagnew Martin J. Boote 
Associate Engineer II Senior Scientist 


