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I. SUMMARY
The Roscommon County Board of Commissioners has commissioned Spicer Group to complete an
engineering analysis of the Higgins Lake Level Control Structure (LCS). Spicer Group has prepared this
report to summarize the conclusions and recommendations of the engineering analysis. This report
should be adopted as a guideline for the County related to needed improvements, maintenance and
operational changes for the Higgins Lake LCS.

The scope of services, as requested by the County, that were completed by Spicer Group and summarized
in this report include:
•

Inspection of the existing LCS as it pertains to water control and development of
recommendations to address deficiencies observed.

•

Calculation of hydraulic capacity of the LCS and development of recommendations that address
deficiencies determined.

•

Analyze historical lake level data and, based on the data, develop recommendations regarding
operation of the LCS.

•

Assess impact of wave action at the LCS and estimate water loss due to wave action.

•

Assess impact of flow through the unregulated section of the LCS and estimate water loss
through the section.

•

Assess water loss from the lake due to evaporation.

•

Prepare recommendations related to the operation of the LCS.

•

This study does not include an assessment of the suitability of the court established lake level as it
relates to lake uses and erosion rates along the lake.
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The general conclusion is that the Higgins Lake LCS has adequate hydraulic capacity during large runoff
events. However, discharge from the lake is limited by the capacity of the Cut River. Additionally, this
study has found that the level of Higgins Lake has averaged below the court established legal lake level
during the summer months in typical years. Factors such as water loss due to evaporation, wave action
and flow through an unregulated low flow channel contribute to the low summer levels. Losses due to
evaporation have been calculated to be the most substantial factor followed by flow through the
unregulated span and then by losses due to wave action.

In 2007, the structure was altered to include two additional tilting weir gates (also referred to as "flop
gates") totaling 33 feet in length and an unregulated low-flow channel measuring roughly 4.75 feet in
width. Through comparison of historical data, the average lake level was found to have been lower in the
period following these alterations than the period prior. This does not appear to be attributable to a
drought as precipitation in the years immediately following the structure's alteration has been well above
average. Therefore, if legal levels are to be maintained annually, water levels must exceed the legal level
in the early summer months to conserve an adequate volume to maintain the legal level through the later
summer months.

The Higgins Lake structure is in need of minor repairs and modifications, but, overall, the LCS is in good
condition. Alterations are needed to improve LCS operation to enable lake levels to be maintained closer
to the legal level. Specifically, a restrictor should be placed in the low flow channel to reduce the amount
of flow to the Cut River in late summer. Also, scour protection should be added to the low flow channel,
improvements should be made to the sheet piling portions and improvements should be made to the stop
logs. Also, the staff gage should be replaced.
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II. BACKGROUND
This section outlines Spicer Group’s understanding of the background and history of the LCS. The
following information is based on records and data that were provided by Roscommon County.

The legal lake level in Higgins Lake was set by an order issued in 1982 by a Roscommon Circuit Court,
in accordance with Part 307 of Public Act 451 of 1994. This order set the legal level at 1154.11 feet
above mean sea level for summer and 1153.61 feet for winter months. In 2009, the legal winter level was
temporarily amended (effective through 2013/2014) to be 1153.36 beginning between September 15 and
November 1. These orders did not specify the elevation datum. Therefore, Spicer Group has assumed the
datum to be NGVD '29. This assumption is corroborated by the 1969 and 1995 reports by Ayres, Lewis,
Norris and May Consulting Engineers which refer to the "USGS datum." The USGS datum at Higgins
Lake is based on NGVD '29 elevations. Furthermore, it is assumed that the intent of 2009 order was to
lower the lake level relative to the NGVD '29 and conversions to the NAVD '88 were not completed.

In accordance with Part 307, Roscommon County is responsible for the operation, maintenance and
improvement of the LCS. The purpose of this analysis and report is to provide the County with
conclusions and recommendation consistent with their responsibilities pursuant to Part 307.

The Higgins Lake Level Control Structure (LCS) regulates flow leaving Higgins Lake to the Cut River.
The structure was originally constructed in 1950 however an original engineering plan set of the structure
has not been provided. Significant hydraulic modifications to the structure were made in 2007.
Improvements to the LCS which included the addition of two (2) 17-foot tilting weir gates and the
creation of a 4.75 foot low-flow channel in the center of the structure. These additions in conjunction
with the existing three stop log bays, sheet pile weir, and tilting weir gate provide a total length of
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approximately 90 feet. An overview drawing of the existing structure is shown in Appendix A and a
photograph of the upstream face of the structure is shown in the Inspection section (see Figure 1).

Several previous studies have been done on Higgins Lake including two reports by Ayres, Lewis, Norris,
and May, Inc. in 1969 and 1995. These studies assess the hydraulics of the LCS and the capacity of the
Cut River. Both studies concluded that under high flow conditions, the capacity of the LCS to dewater
the lake is limited by the capacity of the downstream river. The 1995 report found that flow out of
Higgins Lake is limited by the capacity of the Cut River when flows exceed 110-120 cfs. Therefore,
improvements to the LCS beyond the capacity of the downstream river would not be useful in operating
lake levels. With the improvements made to the structure in 2007, the Higgins Lake LCS is capable of
conveying more flow than the Cut River can accept. This finding is corroborated by testimony from
property owners that during large storm, there is no visible head loss across the structure. Therefore,
under these conditions, the Cut River capacity limits the flow from Higgins Lake.

Recently, the Board of Commissioners has received complaints of the lake level being too low. At other
times, complaints have been received that the lake level is too high. A committee regarding Higgins Lake
was formed. The committee includes participation from the Board of Commissioners. Based on input
from the committee and the public, the Board of Commissioners directed to have this evaluation of the
Higgins Lake LCS completed.

III. INSPECTION
A surface visual inspection of the Higgins Lake LCS was performed by Spicer Group on July 26, 2010.
This inspection focused primarily on those aspects of the structure affecting its capacity and hydraulics
and secondarily on structural components of the LCS. The following sections detail the findings of this
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inspection. For reference, a drawing of the existing LCS is in Appendix A. Specific features of the
structure are labeled below in Figure 1. Additional pictures of individual components of the LCS are
included in Appendix B.

Figure 1: Structural features of the Higgins Lake LCS from the upstream face.
A. Top Deck and Railing
The top deck and railing were found to be in generally good condition with some rust. There is
presently no step at the south end of the structure from which to step onto the top deck. The
addition of a step here would make access easier.
B. Center Piers
Concrete comprising the center piers appears to be in good condition with only minor areas of
spalling.
C. Sheet Piling Walls
The sheet piling cap at north end of structure is in poor condition and uneven. Improvements
should be made to this portion of the structure and the cap elevation should be raised slightly.
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D. Gates and Operational Features
Gates and gate hoists appear to be in good working order. The stop logs in the three
southernmost bays are in poor condition and allow some water to flow between them.
Improvements to the stop logs should be made. Also, the staff gage is worn and hard to read. A
new staff gage should be installed.
E. Apron Concrete
The apron concrete is in generally good condition. However, no apron exists below the
unregulated low flow channel. Scour has begun to occur in this concentrated flow area. The
concrete apron should be extended across the open span to resist further erosion.

IV. LAKE LEVEL
In 1982, a court order established the legal level of Higgins Lake at 1154.11 feet for summer months and
1153.61 feet between November 1 and April 15, or ice-out, whichever occurs first. This order was
amended in November of 2009 (effective until 2013/2014) to establish the legal winter level at 1153.36
feet with lowering of the lake level beginning each year between September 15 and November 1. Lake
level data were obtained from USGS gage #442805084411001. For a period of record from 1986 to
2009, the lake level has averaged 0.1 feet above the legal level to 0.3 feet below the legal level during
summer months and 0.15 to 0.4 feet above the legal level during winter months relative to the legal level
effective prior to 2009. This comparison is shown below in Figure 2. Note that the legal winter level was
amended in 2009 and therefore, the winter lake level trends shown in Figure 2 do not reflect operating
procedures currently employed at the Higgins Lake LCS. However, the trends for summer months should
be indicative of current procedures as the summer level has not been altered.
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Average monthly precipitation data shown in the below graph was collected by the Michigan State
University Climatologist's Office using gages located near Houghton and Higgins Lakes for the years of
1971 through 2000 and 1951 through 1978 respectively.

Note that Figure 2 shows the average monthly lake level for the period prior to 2007 and the average level
after 2007. As stated in the Hydraulics section, the LCS was modified in 2007 and a low-flow channel
was added. It appears from Figure 2 that the average lake level has decreased by 0.1 to 0.4 feet relative
with the periods prior to the modification.
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Figure 2: USGS gage data for Higgins Lake related to precipitation and evaporation.
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The following sections outline various sources of water loss from Higgins Lake that impact summer water
levels.
A. Evaporation
The Michigan State University "Enviro-weather" website provided potential evapo-transpiration
(PET) rates for July and August of 2010. The weather station used to obtain these data is located
in Arlene, approximately 20-25 miles west of Higgins Lake. Rates of PET were typically
between 0.1 and 0.3 inches per day. However, these data included transpiration, which does not
occur on open water bodies.

To assess evaporation alone, pan evaporation measurements were used. Monthly averages for
pan evaporation were taken from the NOAA Nation Climatic Data Center (NCDC) at Lake City
for the years 1967-2008. This site is also approximately 20-25 miles west of Higgins Lake. To
convert these pan evaporation rates to lake evaporation rates, pan rates were multiplied by 0.7 as
suggested by the "General Guidelines for Calculating a Water Budget" from the Land and Water
Management Division of the Michigan DNRE (March 2010). This yielded an average summer
evaporation rate of 0.11 inches/day with the highest monthly rate occurring in July (0.15
inches/day). This rate closely matched the summer rate shown in Figure 2 of the aforementioned
DNRE document which was 0.11 inches/day (20 inches total evaporation for May-October). The
DNRE report is included in Appendix D along with evaporation rates calculated from NCDC data
in Appendix E. Monthly evaporation rates are shown on Figure 2 as a hyetograph along the top
horizontal axis.

B. Precipitation
Precipitation data were collected from the Michigan State University Climatology website. These
data were broken down on a monthly basis for gauging stations at both Higgins Lake and
SGI# 118475SG2010
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Houghton Lake as shown in Figure 2. When compared to lake levels in Higgins Lake, months of
historically high precipitation have allowed lake levels to rise during summer months.

Data were also collected from the NOAA NCDC on Houghton Lake and at the Roscommon
Airport. Though these gages were not specifically on Higgins Lake, they provided a detailed
view of changes in precipitation over various time periods. Of particular interest was that in the
period of 2007-2010, average rainfall has been over two inches higher than the average of prior
years. This appears to indicate that a lack of rainfall has not contributed to lower lake levels
observed for the period after the LCS was modified in 2007.
C. Wave Losses
An estimate was created for wave action occurring over the Higgins Lake LCS. This analysis
used field observations gathered on 8/31/2010 to estimate wave velocity and frequency. Based
on these observations, a design wave speed of 5.0 feet/second was assumed with a frequency of
1.0 waves/second. To obtain an estimate of water loss from wave action, it was assumed that the
mean water surface (midpoint of waves) was at the top of the LCS and therefore, the volume of
water contained in each wave above this height left the lake. Table 1 gives average daily water
loss for waves of varying heights sustained for 24 hour periods. The wave height shown is the
distance from crest to trough of each wave.

Table 1: Water lost due to wave action for waves of varying height. Height is given as the
total height from crest to trough.
Height
(inches)
4
6
9
12
18
24
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D. Water Loss Through Low-Flow Channel
The low-flow channel cut in the dam is approximately 4.75 feet wide with a 4-inch rubber
restrictor on one side. From the top of the concrete sill to the top of the pier, the opening is three
feet in height however, the distance from the top of the concrete sill to summer legal lake level it
is only two feet. Assuming Higgins Lake is at its normal summer level and backwater effects
from the Cut River are negligible, it is calculated that 33 cfs flows through the low-flow channel.
This flow rate is equivalent to 0.08 in/day draining from the lake assuming there is no inflow to
the lake. If 1.0 foot of tailwater is assumed, 28 cfs is allowed to pass through the low-flow
channel which equates to a loss of 0.07 in/day, again assuming no inflow to the lake.

E. Summary of Findings
Prior to 2007, the LCS on Higgins Lake did not have a center low-flow channel allowing constant
flow to the Cut River and therefore water exited the lake by either evaporation, wave loss over the
LCS, or operation of the LCS. By cutting a hole in the center of the structure, the amount of
water leaving the LCS during summer months was calculated to increase by roughly 30 percent
over the losses due to evaporation and wave action alone. This finding was corroborated through
comparison of lake level trends before and after the lake level control structure was modified.
Average lake levels in Higgins Lake have decreased by an average of about 0.20 feet in the past
three years. Table 2 shows a summary of losses from Higgins Lake based on what are thought to
be typical summer conditions.
Table 2: Summary of normal water losses from Higgins Lake.
Water Loss Type
Evaporation
Wave Action
Low-Flow Channel

Depth Loss (in/day)
0.10-0.15
0.05
0.07

Note that this observed decrease in lake level is based on only three years of available data. Upon
further data collection, these findings can be reassessed. Although, since precipitation has been
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above average for the past three years, it seems unlikely that a lack of precipitation has lead to
this decrease in water surface.

V. HYDRAULICS
A review and basic assessment of hydraulic calculations for the Higgins Lake LCS was compiled. In
performing this review, the first step was to review recently completed studies. A report by Ayres, Lewis,
Norris and May, Inc. in May 1995 indicated that the LCS capacity was 55 cfs without a rise in the lake
above its legal summer level. The overall capacity of the Cut River was determined to be 110-120 cfs. In
general accordance with the 1995 report, modifications were made to the LCS in 2007. The
modifications included the addition of two tilting weir (flop) gates totaling 33 feet in length and a lowflow channel roughly 4.75 feet in width. This altered the hydraulic characteristics of the structure such
that the hydraulic capacity of the LCS now exceeds the capacity of the Cut River.

A discharge request filed with the Michigan Department of Natural Resources and Environment
(MDNRE) on June 9, 2010, reported a 100-year peak flow at the Higgins Lake LCS of 330 cfs. Weir
calculations for flow over the structure indicate that with all stop logs removed, gates down, and flow in
the Cut River one foot above the invert of the low-flow channel (one foot below legal summer level), 330
cfs can pass through the structure with Higgins Lake at its summer level using the weir and submerged
weir equations shown in Appendix C. The center span was modeled as a culvert using Culvertmaster
computer software. Despite these calculations, information from the 1995 report coupled with testimony
from local residents, indicates that during high flows, there is no noticeable head loss across the LCS.
Therefore, flow over the Higgins Lake LCS is ultimately controlled by the downstream Cut River and the
LCS provides adequate capacity.
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VI. RECOMMENDATIONS
Lake level data on Higgins Lake have shown that the lake has historically been maintained below its legal
summer level, notably later in the summer. The following sections outline physical and operational
changes that are recommended to help maintain the lake near its legal level and to improve the structural
condition of the structure.
A. Structural Improvements
The open span in the center of the Higgins Lake LCS creates high velocities which have caused
scour to occur along the downstream toe of the structure therefore, the concrete apron should be
extended across the open span to resist further erosion. Also, the sheet pile weir on the north end
of the structure has deteriorated and should be improved. Such improvements may include the
addition of riprap reinforcement, new sheet piling, and/or a concrete cap on the existing sheeting.
When performing such improvements, the sheet piling should be set to an elevation roughly 0.2
feet above the legal summer level. This will assist in attempting to conserve water by holding the
elevation at desired times, in excess of the legal level.

Stop logs in the three southernmost bays are in poor condition. However, since the present
structure has sufficient capacity to regulate flow using primarily the gates, these logs are seldom
needed for lake level regulation. Therefore, rather than replacing the stop logs with new stop
logs, a fabricated insert with a top elevation slightly above the legal summer level may be used
instead. This would only rarely, if ever, need to be operated.

B. Operational Features
The low-flow channel in the center of the LCS allows constant flow from the structure. Since
levels have historically been lower than the legal level, this flow should be reduced during the
summer months of July, August and into September. It is recommended that a removable insert
SGI# 118475SG2010
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be fabricated to enable greater retention of water in the lake. An example of such an insert is
shown in Appendix F. If necessary, further control of water leaving the lake could be achieved
by mitigating the effects of wave action. This could be done through the installation of a
concrete, riprap, or steel break wall. However, the option of controlling wave loss would likely
be far more costly than the installation of a restrictor plate and produce less results as more flow
discharges via the center span than via wave action.

Operational features which provide accurate and reliable lake level data can facilitate more
precise control of lake levels. Spicer Group recommends that the existing staff gage be replaced
with one calibrated to the current lake datum. Since Higgins Lake has not been shown to be
prone to large, frequent fluctuations in lake level (see Figure 2), the structure does not typically
require that the LCS gates be operated regularly to adjust level. Therefore, a remotely
transmitting lake level sensor would not be cost effective. Furthermore, the wave action near the
Higgins Lake LCS would likely cause any digital sensor to be inaccurate.
C. Operation Guidelines
Note that these guidelines will depend largely on the capacity of the Cut River downstream of the
LCS. The 1995 report indicated that the capacity of the Cut River was between 110 and 120 cfs.
This is substantially less than the 330 cfs 100-year peak flow rate identified by the MDNRE.
1. Summer Level (NGVD 1154.11)
As stated previously, the level of Higgins Lake has historically been maintained below
the court established summer level. Therefore, additional water must be retained in the
months of May and June. Recent flow data suggests that roughly 0.4 feet of water is lost
between July and September. Therefore, to maintain an average level near the summer
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legal level, approximately 0.2 feet of water above the legal lake level should be achieved
in June.

Around April 15 or ice-out each year, the LCS should be closed to limit flow from the
lake. Maintain the LCS to limit flow unless levels rise to more than 0.2 feet above the
legal level. If this should occur, operate the LCS to allow the lake to return to a level of
0.2 feet above the legal level.

In the months of July, August, and September, the lake level will naturally decrease.
Therefore, the LCS should remain closed in an effort to maintain the lake near the court
established legal level. Also, the flow restriction device should be installed in the
unregulated section of the LCS. Under the court order effective for winter seasons of
2009/2010 through 2013/2014, the LCS should be opened beginning between September
15 and November 1 to draw the lake down to its legal winter level. Due to the limitation
of the Cut River to accept flow, it should not be necessary to remove stop logs during this
drawdown period.
2. Winter Level (NGVD 1153.36 through winter 2013/2014)
Maintain the LCS in its open position during the winter months. In the event that the lake
level drops more than 0.2 feet below the legal level, operate the LCS. On April 15 or iceout, the LCS gate should be incrementally raised.
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APPENDIX A
Plan and Profile of Existing Structure

APPENDIX B
Inspection Photographs

Upstream face of three stop log bays.

Downstream face of three stop log bays.

Upstream face of southernmost flop gate.

Downstream face of southernmost flop gate.

Unregulated span viewed from upstream face.

Unregulated span viewed from downstream face. Note the rubber restrictor on the left side of the
opening.

Upstream face of center flop gate.

Downstream face of center flop gate.

Upstream face of northernmost flop gate.

Downstream face of center (left) and northern flop (right) gates.

Upstream face of the sheet pile weir at the northern end of the Higgins Lake LCS.

Downstream face of the sheet pile weir at the northern end of the Higgins Lake LCS.

North end of decking/railing.

4-inch rubber restrictor in center open span.

Flop gate hoists on downstream railing of Higgins Lake LCS.

Staff gage on southernmost pier of southern stop log bay.

APPENDIX C
Calculation of Hydraulic Capacity

Flow Over Level Control Structure
Weir Equations
Weir equation for free discharge

Q f = C ⋅ L ⋅ H 1.5
Where:
Qf = Discharge (cfs)
C = Discharge coefficient
L = Effective weir length (ft)
H = Head over weir crest (ft)
Calculation of effective weir length (L)

L = L'−(2 ⋅ K a ⋅ H )

Where:
L' = Measured weir length (ft)
Ka = Abutment coefficient
Submerged weir discharge (when tailwater > weir crest elevation)

 H
Q s = Q f ⋅ 1 −  ds
  H us






1.5






0.385

Where:
Qs = Discharge over the submerged weir (cfs)
Hds = Head of downstream water surface over weir crest (ft)
Hus = Head of upstream water surface over weir crest (ft)
*Note: These equations were used for all stop log bays, flop gates, and the sheet pile weir. The
center unregulated span was modeled using Culvertmaster software as a culvert.

APPENDIX D
MDNRE Report
"General Guidelines for Calculating a Water Budget"
March 2010

APPENDIX E
Estimated Evaporation Rates

APPENDIX F
Concept Design of Flow Restrictor

