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Sediment Management Alternatives 
for the Fox Chain of Lakes 

along the Fox River in Illinois 
 

by 
Nani G. Bhowmik and Misganaw Demissie 

 
 

Abstract 
 

 The Fox Chain of Lakes is a series of interconnected glacial lakes that are essentially 
located along the main stem of the Fox River. Originating in Wisconsin, the Fox River flows 
through northern Illinois before becoming a major tributary of the Illinois River. About 75 
percent of the Fox River above the lowest section of the Fox Chain of Lakes lies in Wisconsin. 
The drainage area above the lowest point of the chain is about 1,184 square miles. The Fox 
Chain of Lakes has a surface area of more than 6,000 acres. 
 
 Over the years, significant land-use changes have occurred on this watershed. These 
changes and the geographical location of the Fox River have resulted in extensive sediment 
deposition within these lakes. This is especially true for those lakes in the direct path of the Fox 
River. For example, Grass Lake and Nippersink Lake have lost most of their capacities to 
sediment deposition. The average depth of Grass Lake in 1975 was 2.7 feet, and the sediment is 
extremely soft. Within the present research activity, the original research conducted in 1974-
1975 by the authors is being examined along with additional data collected by others within the 
last 25 years. These initial analyses indicated that both in-lake and off-lake sediment 
management techniques must be implemented to increase water depths within the lakes and 
decrease sediment loads. Among the in-lake management alternatives that should be considered 
are dredging and disposing of sediment outside the lake, discharging hydraulically dredged 
sediment into geotubes or some other type of containment facility within the lake, and creating 
artificial islands within the lake with dredged sediments.  The watershed-based sediment 
management alternatives could include implementation of best management practices on the 
watershed, flow and sediment retention basins, side channel sediment traps, sediment 
management within the stream channel, and the implementation of a systemwide sediment 
management alternative. 
 
 
Keywords:   Fox Chain of Lakes, Fox River, Illinois, Sediment, Sedimentation, Sediment 

Management, Artificial Island
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Sediment Management Alternatives 
for the Fox Chain of Lakes 

along the Fox River in Illinois 
 

by 
Nani G. Bhowmik and Mike Demissie 

 
 

Introduction 
 
 The Fox Chain of Lakes consists of nine major internally connected lakes located in Lake 
and McHenry Counties in northern Illinois.  The main inflow into the lake system is the Fox 
River.  Other tributaries of importance are the Sequoit, Nippersink, and Squaw Creeks, and Lily 
Lake Drain. The drainage area of the Fox River at Johnsburg, immediately downstream of the 
Fox Chain of Lakes, is 1,184 square miles.  Approximately 75 percent of the drainage area lies in 
Wisconsin.  
 
 A dam at McHenry maintains the surface water levels of the system.  The shoreline 
extends 48 miles, and an additional 30 miles of dredged channel shoreline accommodate 
demands for lake frontage property. 
 
Acknowledgments 
 
 This project was funded by a grant from the Illinois Department of Natural Resources 
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Assessments” and Appendix E of the report.  Mel Allison and Arlan Juhl of the Office of Water 
Resources of IDNR also provided assistance in providing some data for this report.  Susan Shaw 
of the Illinois State Water Survey (ISWS) assisted in numerous areas related to analysis and 
preparation of the report.  Eva Kingston edited the report, Linda Hascall provided graphic 
support, and Patti Hill typed the final report.  To all of them, the authors express their sincere 
thanks and appreciation. 
 
 Views expressed in this report are those of the authors and do not necessary reflect the 
views of the sponsor or the Illinois State Water Survey. 
 
Project Scope 
 
 This project was undertaken to achieve the following tasks: 
 
 Task 1. Review and collect existing and available reports. 
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Task 2. Review and examine suspended sediment load data from the Fox Chain of 
  Lakes recently collected by the United States Geological Survey. 
 
 Task 3. Suggest sediment management alternatives that include both in-lake and off-

lake sediment management scenarios. 
 
 Task 4. Identify potential project sites. 
 
 Task 5. Prepare a report.
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Background and Analyses of Data 
 
 The next several sections essentially concentrate on the first two tasks identified above.  
No new data were collected for this report.  However, a wealth of historical data and information 
are available for the Fox Chain of Lakes.  These reports have been reviewed, and an annotated 
bibliography has been prepared (Appendix A). 
 
 The Fox Chain of Lakes located near the border between Illinois and Wisconsin is a 
series of interconnected glacial lakes with a very complex flow and sediment transport pattern. 
The Fox River and Nippersink Creek provide the main inflow to the lake. Several smaller 
tributaries also contribute sediment and water to the lake. Examination of Figure 1 shows that, 
theoretically, most flows of the Fox River should flow through Grass Lake, the northern part of 
Fox Lake, and the northern part of Pistakee Lake. However, circulation data collected by 
Bhowmik [Kothandaraman et al. (1977)] have shown the lakes have complex circulation 
patterns, water can and will move northeast from Grass Lake to Lake Marie, and strong 
circulations exist within Pistakee Bay, Fox Lake, and Grass Lake. These circulation patterns are 
normally associated with sustained wind blowing from approximately the same direction. 
 

The following materials are after Kothandaraman et al. (1977):  “The lands surrounding 
the Fox Chain of Lakes were being cleared of forests by 1840.  The cleared land was converted 
to row-crop agriculture.  From that original agricultural base, the shores of the Chain were 
steadily converted to residential and recreational uses.  The interconnected bodies of water, 
natural shoreline, picturesque beauty, and proximity to Chicago have combined to make the 
Chain a popular area for swimming, boating, water skiing, fishing, and resort development.   
 
 “The shores of these lakes were first dotted by summer homes, but those have long been 
converted to year-round occupancy.  All of the shore naturally suitable (and much of it not 
suitable) for construction of homes, restaurants, marinas, and other recreational facilities has 
been developed. 
 
 “Artificial channels have been dredged to accommodate demands for lake frontage 
property.  The recreational value of the lakes is a major economic influence in the area.  
Regional planners report there is no area in the surrounding six counties with greater potential 
for meeting the varied recreational needs of people in this region” (page 1).   
 
Historical Assessments 
 

The following materials with some minor changes were prepared by Ingrid Enriquez, Fox 
Waterway Authority or FWA (Personal Communications, 2001). 
 
Social History 
 

The Chain of Lakes, specifically Grass Lake, was a popular destination for tourists in 
1870. Visitors who arrived by train or steamboat were enthusiastically greeted by carriages ready 



 
 
 

Figure 1.  Fox Chain of Lakes in Illinois along the Fox River 
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to transport them to the fancy resorts in this wilderness. They came to see the extensive lotus 
beds, wildlife, and clear waters. They also came to hunt and fish the limitless abundance of the 
area. Genteel ladies with umbrellas to protect them from the sun and well-dressed gentlemen 
toured the area by boat and via an extensive boardwalk system, sampling the lotus perfumes and 
other aesthetic beauty that Grass Lake provided.  

 
A prominent feature of Grass Lake was the famous “lotus beds,” floating carpets of 

American Lotus (Nelumbo lutea) and water lily (probably Nymphaea tuberosa). Aerial 
photographs from 1939 show a total of about 700 acres of lotus beds in Grass Lake, with more 
than 357 acres of lotus beds in Pistakee and Fox Lakes. In 1947, however, resort owners on 
Grass Lake wrote to the Governor of Illinois to complain that the lotus beds were shrinking, 
resulting in poor fishing, poor hunting, and a slump in business. They asked the Governor to find 
a remedy for this situation. 

 
Before World War II, the majority of the homes on the Chain were used only in the 

summer months. However, in subsequent years, several changes took place. The McHenry Dam 
was replaced the year after the 1938 flood. The new dam maintained a fluctuating winter pool of 
735 feet above mean sea level (ft-msl) and a summer pool of 737 ft-msl in the Chain. Social 
changes caused a doubling of the residential population accompanied by new homes and new 
cars. Finally, power boating was introduced and took on a new popularity. Together these 
changes contributed to the demise of the lakes. By the late 1950s and early 1960s the lotus beds 
and the pristine water quality all but disappeared. 
 
Natural History 
 

The 15 lakes that comprise the Chain of Lakes are central to a large watershed drainage 
area of the Fox River, which flows south from its headwaters near Waukesha, Wisconsin, to 
Ottawa, Illinois, where it joins the Illinois River. The Fox Waterway, managed by the Fox 
Waterway Agency, stretches from Antioch, Illinois, to Algonquin, Illinois, and has a drainage 
area of 1,403 square miles. The Fox Chain of Lakes is a series of 15 interconnected glacial lakes 
with the deepest lakes having a maximum depth of about 45 feet and the most shallow lakes with 
depths of 1-2 feet. While the Chain of Lakes can be characterized as predominately low-lying 
wetlands and floodplain, the McHenry Lock and Dam has artificially regulated the water levels 
of the system since the turn of the century. 

 
The Fox River flows through the Chain of Lakes State Park where it empties into Grass 

Lake.  Its waters eventually pass through Grass Lake and into Nippersink and Pistakee Lakes and 
then flow southward, becoming the Fox River once more.  Centrally located Grass Lake is one of 
the interconnected lakes in northeastern Illinois. 
 
Environmental Stresses 
 

Multiple stressors had an impact on the Fox Chain of Lakes natural ecosystem. These  
include: (1) nonpoint sources of pollution that enter the lakes as runoff from existing agricultural 
and urban areas in Illinois and Wisconsin, (2) shoreline and streambank erosion, (3) land 
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disturbances due to the accelerated development in the area, (4) sediment resuspension, and (5) 
annual drawdown by about 18 inches for flood prevention. The results of these activities are the 
erosion of islands and the disappearance of littoral habitats, along with the demise of the 
amphibian and avian populations that rely on them. Resuspended bottom sediment also causes 
several problems for shallow lakes. 

 
Turbid and murky water due to resuspended sediments impairs the ability of sunlight to 

reach the lake bottom, thereby reducing or eliminating the growth of rooted aquatic plants. The 
absence of aquatic plants results in fewer aquatic insects (important food for young fish) and a 
shift in plant species to free-floating “plankton” algae that turn the water into “pea soup”.  
Fishing enthusiasts know that weed beds (especially along the edges) are favorite spots for adult 
fish. Some submersed plants are delicacies for waterfowl, and emergent plants interspersed 
within open water areas are prime habitat for many bird species.  

 
As a result of these conditions, there have been several effects. 

 
• A lack of rooted plants can become self-perpetuating.  Rooted plants provide an 

important barrier to wind and wave energy as well as bottom-feeding fish.  Their absence 
causes an even greater potential for sediment resuspension. 

 
• Aquatic plants also can make an important contribution to a community’s economy. The 

famed lotus beds in Grass Lake earlier this century (estimated at 736 acres in 1946) 
attracted many tourists to the Chain of Lakes area. By 1947, the lotus beds’ alarming rate 
of decline and their importance to the local economy prompted lakeside resort owners to 
correspond directly with the Governor of Illinois. 

 
• The turbid water acts like a dense fog for most sight-feeding gamefish. Without the 

ability to clearly see their prey, gamefish growth and reproduction potential is reduced.   
 

• Excessive amounts of suspended sediment can clog fish gills and block oxygen diffusion 
to fish eggs in spawning areas.  

 
• High levels of suspended sediment impair overall aesthetic lake value. 

 
• Recreational safety can be an issue as well.  For swimmers’ safety, the Illinois 

Department of Public Health recommends a minimum of 4 feet of water transparency at 
public swimming areas. 

 
Legislative and Political History 
 

The Chain of Lakes and Fox River have been important to the State of Illinois’ economy 
for more than 100 years.  As early as the turn of the 19th century, the Fox River Navigable 
Waterway Association recognized the economic benefits derived from vacationers from Chicago 
and surrounding areas, and they constructed a series of the dams along the Fox River. As the 
area has become more and more popular, the State of Illinois, through the Illinois Department of 
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Transportation, authorized many public works projects to widen channels, connect unconnected 
lakes, and clear main navigational boating lanes, which later led to changes in zoning and 
building laws to allow more residences and summer homes. 

 
However, by the 1970s, in response to the ever-increasing public demand to counter the 

degradation of the lakes and river, the Illinois General Assembly and the governor, in 1974, 
created the Chain of Lakes - Fox River Commission to study and make recommendations 
regarding the preservation of this natural resource.  The Commission completed and presented its 
report, Improvements for Flood Control and Boating (Metcalf & Eddy, 1980), which provided a 
comprehensive snapshot of the existing conditions of the Fox River Chain of Lakes, outlined the 
abilities of the existing governmental agencies and their authorities, and made recommendations 
for improvements for the waterways. 

 
In 1984, spearheaded by a group of Lake and McHenry County legislators, the Fox River 

Chain of Lakes Waterway Management Agency was created by state statute, with a sunset 
provision of 10 years. With the broad mission of maintaining and improving the Fox River and 
Chain of Lakes, this special unit of local government spent its early years creating structures, 
obtaining equipment from the State of Illinois, and doing dredging projects amidst a sea of 
conflicting and overlapping Federal, State, and other local agencies’ jurisdictions. In compliance 
with the statute that created it, the Fox River Chain of Lakes Waterway Management Agency 
was presented to the Lake and McHenry County constituency by referendum and voted in for 
permanent status by an overwhelming majority in 1994.   

 
The newly renamed Fox Waterway Agency was re-enacted under revised legislation in 

1995. Beginning in 1998, with new management and leadership, the Fox Waterway Agency 
began a metamorphosis with the presentation of a $22-million, 10-year strategic plan, the 
realization of several large-scale public works projects, the receipt of several million dollars 
from the legislature and other governmental agencies to study, manage, and resolve 
sedimentation and water quality problems, and finally to engage the role of coordinators and 
caretakers for the environmental and economical preservation of the Fox Chain of Lakes. 
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Physical and Hydrological Settings 
 
 A clear understanding of the physical and hydrological factors that have an impact on 
these lakes is needed before postulating a potential sediment management alternatives.  The 
following subsections briefly summarize existing physical and hydrological factors for the Fox 
Chain of Lakes and a portion of its watershed. 
 
Land Use 
 
 Recently, the Illinois Department of Natural Resources (Keefer, 1998) completed several 
reports, including one on water resources as part of an assessment of Illinois River basins.  This 
analysis did not include the portion of the basin located in Wisconsin.  The following materials 
are after Keefer (1998).   
 
 Agriculture is a major land use in nine major counties (Cook, DeKalb, DuPage, Kane, 
Kendall, LaSalle, Lake, Lee, and McHenry) within the Fox River basin.  Illinois Agricultural 
Statistics (IAS) data indicate that agriculture acreage has remained virtually the same from 1925 
until 1995, averaging 509,000 acres.  Figure 2 shows changes in selected crop acreage in the Fox 
River basin over that time period. 
 

In 1925, corn and grassy crops (wheat, oats, and hay) accounted for 93 percent of the 
agricultural crops grown in the basin (249,000 acres for corn and 260,000 acres for grassy 
crops). However, starting in the 1950s, soybeans increased while grassy crops decreased.  This 
inverse relationship between soybeans and grassy crops continued through 1995, with soybean 
acreage increasing since 1930.  Soybean acreage moderated its increasing trend in 1973 and 
remained relatively steady through 1995.  Grassy crop acreage was nearly that of corn acreage 
from 1925 through 1952.  Corn acreage has remained steady over time, averaging 264,000 acres 
and increasing only slightly to levels above 300,000 acres in the early 1980s. 
 

An analysis also was performed to determine the land uses near the Chain of Lakes.  
Figure 3 shows the land use close to the Chain of Lakes, which is dominated by water and lakes. 
Several cities and communities also dot the entire shores of all these lakes. 
 
Morphology 
 
 The Fox River, a unique river in northern Illinois, originates in Wisconsin and flows 
through the Chain of Lakes before passing through a steep gradient emptying into the Illinois 
River.  The gradient of this river is shown in Figure 4 (after Knapp, 1988).  This figure makes it 
quite clear that the river from about Honey Creek in Wisconsin to Algonquin is quite flat 
compared to the upstream and downstream reaches.  The Fox Chain of Lakes is located in the 
middle of the flat gradient area.  Therefore, hydraulically this area should act as a sediment 
deposition area compared to other reaches. The deep glacial lakes and the flat gradient have been 
conducive to the deposition of sediments within the Chain of Lakes, which essentially acts as a  
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Figure 2.  Acreages of selected crops in the Fox River basin 
based on Illinois Agricultural Statistical Data (after Keefer, 1998) 

 
 
sediment detention basin.  The total length of the river is about 185 miles; total fall from the 
headwaters to the confluence is about 460 feet with an average drop of 2.46 feet per mile. 
 
Precipitation 
 
 The ISWS completed an assessment of the Fox River as part of the Critical Trends 
Assessment Program.  The following materials from that report are after Angel and Armstrong 
(1998). 
 
 Mean annual precipitation in the Fox River basin is 36.88 inches, with more rainfall in 
the spring and summer than in fall and winter (Table 1).  Late spring, summer, and early fall 
precipitation is primarily convective in nature, often associated with thunderstorms having an 
average duration of 1 to 2 hours.  During the remainder of the year, precipitation of longer 
duration is associated with synoptic-scale weather systems (cold fronts, occluded fronts, and 
low-pressure systems). 
 
 The wettest year of record since 1901 at Aurora was 1972 (51.50 inches).  The driest year 
was 1956 (22.09 inches).  Annual precipitation at Aurora is shown in Figure 5.  Note the 
downward trend in the first two decades followed by a period of little change from 1920 to 1970. 
Since 1970, annual precipitation has increased on the order of 5 inches.  Precipitation in Aurora 
is more intense during summer than winter.
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Figure 3.  Land use variability close to the Fox Chain of Lakes 
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Figure 4.  Stream profile of the Fox River and major tributaries 
(from Knapp, 1988) 

 
Table 1.  Precipitation Summary (inches), Aurora, Illinois 

 
  

 
Average 

 
Record 

high (year) 

 
Record 

low (year) 

Largest one- 
day amount 

(year) 

 
Snow- 

fall 

Total 
days with 

precipitatio
n 

       
January 1.56 4.80 (1916) 0.07 (1981) 2.91 (1960) 8.6 9 
February 1.34 3.86 (1908) 0.00 (1987) 3.26 (1997) 7.6 8 
March 2.57 6.12 (1920) 0.33 (1994) 3.51 (1948) 3.7 10 
April 3.83 8.38 (1909) 0.39 (1901) 3.52 (1959) 1.1 11 
May 3.78 8.62 (1915) 0.56 (1934) 3.59 (1990) 0 10 
June 4.25 13.19 (1902) 0.48 (1922) 4.38 (1994) 0 9 
July 4.11 21.50 (1996) 0.41 (1937) 16.91 (1996) 0 9 
August 3.86 14.49 (1972) 0.35 (1919) 7.12 (1972) 0 9 
September 3.84 10.97 (1961) 0.00 (1979) 6.10 (1978) 0 9 
October 2.49 14.86 (1954) 0.24 (1964) 10.48 (1954) 0.2 8 
November 2.82 7.89 (1985) 0.06 (1904) 2.74 (1995) 1.2 9 
December 2.43 6.31 (1949) 0.32 (1930) 2.83 (1982) 8.2 10 
 
Note:  Averages are from 1961-1990, and extremes are from 1901-1996.  
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Figure 5.  Annual precipitation at Aurora, 1901-1996 
(after Angel and Armstrong, 1998) 

 
 
Annual Streamflow Variability 
 
 The following materials are after Knapp et al. (1998):  “Average streamflow varies 
greatly from year to year, and can also show sizable variation between decades.  Figure [6] 
shows the annual series of average streamflow for the streamgage records in the Fox River basin. 
 As shown in this figure, the average flow during any given year is similar for all stations.  Over 
the 81 years of record, the annual flows on the Fox River have ranged from a high of around 20 
inches in 1973 and 1993 to a low of about 2 inches in the drought year of 1934.  The long-term 
average flow in the Fox River basin is approximately 9 inches per year.  Prior to 1969, the 
average annual flow was less than 8 inches, but since then has averaged 12 inches.  This increase 
in streamflow corresponds to a coincident increase in average precipitation. 
 
 “Figure [7] plots the flow duration curves for three gages on the Fox River and six 
tributary gages.  The flow duration curve provides an estimate of the frequency with which given 
flows are exceeded.  As shown in the figure, flows for all of the streams can vary significantly; 
however, the total range is significantly smaller than for most regions of Illinois and generally 
ranges from one-tenth to ten times the stream’s average flow (page 13).” 
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Figure 6.  Average annual streamflow for gaging stations in the Fox River basin 

(after Knapp, Ramamurthy, and Nichols, 1998) 
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Figure 7.  Flow duration curves (discharge versus probability) 
[after Knapp, Ramamurthy, and Nichols (1998)] 
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Data Analysis 
 
 It has already been mentioned that no new data were collected for this project.  However, 
analyses were made of some of the existing data related to sediment input, sedimentation rates, 
etc., and those analyses are included in this section. 
 
Depth-Area and Depth-Storage Relationships 
 
 The depth-area and depth-storage relationships for any lake provide an opportunity to 
determine how the surface area of the lake and the associated storage volumes change with 
elevation and  describe the correlations between these two parameters.  These relationships are 
also extremely useful in developing management alternatives for in-lake water quality or 
sediment management.  Unfortunately, the only data available for the Chain of Lakes are those 
collected by Bhowmik in 1975 [see Kothadaraman et al. (1977)], although Kay et al. (2000) 
collected data for Lake Catherine and Channel Lake. 
 
 The following materials are mostly based on those data.  Refer to Figure 1 for lake 
location. 
 
 Development of the depth-storage relationship requires up-to-date information related to 
bed topography of the lakes.  Data on 1975 bed elevations were collected at only 26 cross 
sections in all of the lakes.  This information was superimposed on the maps provided by the 
Division of Water Resources or DWR (Personal Communications, 1975) to obtain an adjusted 
1975 bed  topography for the lakes.  Because only one or two cross sections were measured in 
some lakes, the estimates required a considerable amount of judgment.  In most cases, however, 
the 1975 bed topography determined in this manner should be satisfactory. 
 
 The modified map with contour lines representing the 1975 lake bottoms was used in 
developing the depth-area and depth-storage relationships.  Surface areas of each lake at each 
selected contour interval were planimetered, storage capacity was computed, and individual 
relationships were then developed. 
 

Appendix B presents depth-storage relationships for all the lakes.  Lake Catherine and 
Channel Lake are the deepest lakes in the Chain, and Grass Lake is the shallowest.  Pistakee 
Lake has the largest surface area and storage capacity among the lakes.  Table 2 provides 
average depths for all lakes based on the 1975 data.  It should be pointed out that the average 
depths for Lake Catherine and Channel Lake have been determined recently based on data 
collected by Kay et al. (2000). 
 

The total 1975 storage capacity of all nine lakes below the elevation of 736.5 ft-msl was 
38,718 acre-feet, and the total water surface area at this elevation was 6,844 acres.  Total storage 
capacity of all lakes below the 20-foot depth or 716.5 feet elevation was 2,161 acre-feet or about 
6 percent of the total storage capacity.  However, most of this storage was in Channel Lake and 
Lake Catherine. 
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Table 2.  Average Depths (feet) of All Lakes Based on 1975 Data 
below an Elevation of 736.5 ft-msl 

 [after Bhowmik (see Kothandaraman et al., 1977)] 
 

   Lake name Depth, ft       Lake name Depth, ft 
    
Pistakee Lake 5.2      Petite Lake 7.7 
Nippersink Lake 3.0      Bluff Lake 10.5 
Pistakee Bay 11.3      Grass Lake 2.7 
Lake Catherine 16.7      Lake Marie 9.2 
Fox Lake 5.6      Channel Lake 13.8 

 
The relationships given in Appendix B should be valid as of 1975 for all the lakes.  

However, data collected and analyzed by Kay et al. (2000) did not show any depth-area and 
depth-storage relationships.  This analysis provided up-to-date hydrographic maps of both lakes, 
and those maps are given in Appendix B.  Kay et al. (2000) also computed the total surface area 
of Channel Lake and Lake Catherine, 487 acres at an elevation of 737.3 ft-msl.  The volume of 
Lake Catherine was 2,500 acre-feet and that of Channel Lake was 4,895 acre-feet below a mean 
sea level elevation of 737.5 feet.  Kay et al. (2000) also computed the average depths of Lake 
Catherine and Channel Lake to be 16.7 feet and 14.5 feet, respectively, below an elevation of 
737.5 ft-msl.  The average depths of these lakes below a normal pool elevation of 736.7 feet 
computed by Kay et al. (2000) were15.9 feet for Lake Catherine and 13.7 feet for Channel Lake. 
 A comparison of these depths with the depths estimated in 1975 by Bhowmik [see 
Kothandaraman et al. (1977)], Table 2, shows that, on average, Lake Catherine may have lost 
about 0.8 feet of depth, and no significant change in depths took place on Channel Lake over the 
last 20 to 24 years. 

 
Lake Cross-Sectional Changes 

 
Another important factor in the analyses of the sedimentation problems of any lake is 

volume or capacity at any time and how it has changed over time.  Among the approximately 
nine lakes in the Fox Chain of Lakes area, two lakes (Grass and Nippersink Lakes) have 
experienced the most extensive sediment deposition.  For the present report, Grass Lake will be 
the primary focus used to identify suggested management alternatives.  Figure 8 shows cross-
sectional data collected in Grass Lake at range line 27-28 in 1962 and 1975 (Figure 1).  This 
illustration shows that this cross section had some sediment deposition over the 13-year period.  
Bhowmik [Kothandaraman et al. (1977)] concluded that this lake was probably attaining a state 
of equilibrium, and no further significant changes were expected. 

 
Grass Lake and lakes such as Nippersink Lake and a portion of Fox Lake have been 

acting as sediment retention basins because of their proximity to the main Fox River.  As a 
matter of fact, the Fox River flows through Grass Lake before entering Fox Lake, Nippersink 
Lake, and the northern part of Pistakee Lake (Figure 1).  Thus, lakes the Fox River flows through 
act as detention basins for the Fox River.  Grass Lake, the first lake the Fox River enters, has 
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Figure 8.  Cross-sectional variations between 1962 and 1975 
for range line 27-28 in Grass Lake 

  
undergone maximum sediment deposition; thus, average water depth in Grass Lake is less than 
2.7 feet. 

 
The following materials are after Bhowmik [see Kothandaraman et al. (1977)].  Cross-

sectional data collected in 1964 by DWR (Personal Communication, 1975) and data collected by 
Bhowmik [see Kothandaram et al. (1977)] were used to develop cross-sectional plots for these 
two periods for all cross sections shown in Figure 1.  Appendix C gives all the cross-sectional 
plots. 

 
A comparison of the two sets of depth measurements at the 26 cross sections indicated 

the variability of the lake bed and shows any sedimentation or scour pattern that might have 
occurred over the last 11 to 22 years.  Readers must be warned that the data published by DWR 
show the depth to the nearest 1 foot, and that the points at which 1975 bed elevations were 
measured do not always coincide with those used for the DWR maps.  This necessitates some 
interpolation of the DWR data to obtain an exact elevation at the points used in 1975.   

 
The 1975 bed elevations at all the cross sections were plotted, as were the old bed 

profiles from the DWR maps.  Some general comments and conclusions may be drawn as to the 
areas and rates of sedimentation and/or erosion in the lakes.  Locations of the lakes and cross 
sections are shown in Figure 1. 

 
Grass Lake 
 

 The 1975 bed elevations were determined only at cross section 27-28.  The DWR 
mapped Grass Lake in 1962.  A comparison of the two measurements showed that for all 
practical purposes bed elevations did not undergo any significant change over that period.  It is 
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probable that Grass Lake may be in a state of equilibrium for the present inflow and outflow 
conditions. 

 
Lake Marie 
 

 Depths were measured at four cross sections in Lake Marie in 1975.  The DWR mapped 
this lake in 1964.  Some sedimentation did occur at cross section 33-35 over the 11 years, with a 
maximum deposition on the order of 3 to 4 feet.  Cross section 33-34 showed both deposition 
and some erosion.  Cross section 31-33 showed some substantial deposition near the middle of 
the lake.  The maximum deposition was on the order of 5 to 6 feet.  Cross section 31-32 did not 
show any significant variation.  In general, Lake Marie appeared to have lost some capacity. 

 
Channel Lake and Lake Catherine 
 

The two northernmost and deepest lakes in the Chain of Lakes system are Channel Lake 
and Lake Catherine.  Channel Lake is connected to Lake Marie at two locations (Figure 1).  
Depths were measured at four cross sections in 1975.  Cross sections 36-37 indicated some 
deposition for almost the whole width of the lake except for a little erosion near the eastern 
shore.  The maximum deposition was on the order of 2 to 3 feet.  Cross section 38-39 appeared 
to have been eroded almost the full width of the lake.  The maximum erosion was on the order of 
2 to 3 feet. 

 
The 1975 bed elevations of the lake at cross section 41-42 were surprising because they 

indicated the greatest sedimentation in any of the lakes.  Figure 9 shows a comparison of the old 
and new cross-sectional profiles.  A maximum of 7 to 8 feet of sedimentation since 1964 was 
evident.  In contrast, cross section 40-41 in Figure 9 showed some deposition near both shores 
and some erosion near the middle of Lake Catherine.  The maximum erosion in this cross section 
is on the order of 3 feet. 

 
Bluff Lake 

 
 Depths were measured at only one Bluff Lake cross section in 1975.  No measurable 

variations were observed.  The DWR mapped this lake in 1964. 
 

Petite Lake 
 
 Depths were measured at only one Petite Lake cross section in 1975.   Some 

sedimentation near both the east and west shores and some erosion near the middle of the lake 
were observed, but the net variation was negligible. The DWR mapped this lake in 1964. 

 



 
Figure 9.  Typical cross-sectional changes for Channel Lake and Lake Catherine 

[after Bhowmik (see Kothandaraman et al., 1977)] 
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Fox Lake 
 

Depths were measured at four Fox Lake cross sections in 1975.  The DWR mapped this 
lake in 1962.  Cross sections 17-18 and 20-21 did not show any significant variations over this 
13-year period.  Figure 10 shows the old and new cross-sectional profiles between monuments 
15-16 and 20-21. 

 
The southwestern areas of Fox Lake showed some significant sedimentation.  Cross 

sections 13-16 and 15-16 showed similar variations.  The maximum depth measured was on the 
order of 14 feet; a comparison with 1962 data indicated a maximum deposition of about 6 feet 
(Figure 10). 

 
Nippersink Lake 
 

Depths were measured at three cross sections in this very shallow lake in 1975.  No 
measurable variations in depths were observed.  The DWR measured this lake in 1962. 

 
Pistakee Lake 
 

Depths were measured at seven cross sections in Pistakee Lake in 1975.  No significant 
variations were observed in most of them.  However, some sedimentation near the western half 
and some erosion near the eastern half were observed at cross section 1-2, though the net cross-
sectional variation was negligible (Appendix C). 

 
In general, it can be concluded that the northernmost lakes such as Lake Marie and 

Channel Lake exhibited maximum sedimentation.  The southwestern portion of Fox Lake also 
exhibited significant sedimentation.  The rest of the lakes did not show much variation.  Data 
related to depths at many more cross sections are needed to provide precise analyses of the 
extent of sedimentation and/or erosion rate in any one of the lakes.  In the future, a regular 
hydrographic mapping project will be needed at 5-year intervals to estimate the erosion and or 
sediment deposition patterns of these lakes. 

 
Wind Effects 

 
In the spring and summer, wind in Illinois normally blows from the southwest to northeast, 
which is also the orientation of the Fox Chain of Lakes.  This coincidental orientation of the 
lakes with the sustained wind in spring and summer is normally associated with sustained wind-
generated circulation patterns within these lakes.  Sustained wind also generates differences in 
the water surface elevations from one end of the lake to the other end.  These types of water 
surface elevation changes are called wind tides.  Bhowmik [Kothandaraman et al. (1977)] 
computed the wind tide for Fox Lake and from Nippersink Lake to Fox Lake (Table 3). 



 
 

Figure 10.  Typical cross-sectional profiles for Fox Lake 
[after Bhowmik (see Kothadaraman et al., 1977)] 
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Table 3. Wind Tide in Fox Lake with Southwest Wind 
 

Wind speed, 
V (mph) 

Wind tide, S, in feet, 
Fox Lake only* 

Wind tide, S, in feet, 
Nippersink-Fox Lake** 

   
                      5 0.009 0.010 
                    10 0.037 0.044 

15 0.082 0.098 
20 0.148 0.176 
30 0.330 0.393 
40 0.600 0.715 
50 0.900 1.070 

 
Notes:   *Fetch = 2.88 miles for Fox Lake. 
  **Fetch = 3.43 miles as measured from a point near Riverside Island in Nippersink Lake to 

     the shore of Columbia Bay in Fox Lake. 
                      
 
Recreational Boating Effects 
 
 Recreational boating is an important activity in the Fox Chain of Lakes.  Because of the 
shallowness of several lakes, such as Grass Lake, recreational use does and will have a 
significant impact on the resuspension and possible redistribution of soft sediments within the 
shallow lake environment.  Resuspension of sediments also increases the turbidity of the water, 
decreases light penetration, and affects photosynthesis.  Depending upon the time of the year and 
inflow and outflow characteristics between various lakes, recreational boating activities also 
could alter the sediment input and output characteristics between lakes, as will be illustrated 
subsequently. 
 
 In 1994, the U.S. Army Corps of Engineers (USACOE, 1994) conducted a study to 
determine the impacts of the recreational boating activities within the Fox Chain of Lakes.  The 
USACOE study concluded: 
 

• Water quality, aquatic habitats, wetlands, and terrestrial habitats degraded substantially 
over the last century. 

 
• Power boating activities have an impact on water quality by resuspending sediments, 

including organic and inorganic materials through propellers wash and wave generation 
(wakes). 

 
• Recreational boating enhances turbidity in water less than 6 feet deep, increases shoreline 

erosion, and has more seasonal and cumulative impacts on these lakes than other types of 
localized boat-related activities such as spills. 
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• Boat-generated turbidity adversely affects aquatic communities, dissemination of routed 
aquatic vegetation, elimination of firm substrate by deposition of soft sediments, and 
consequently affects the spawning of fishes. 

 
• Turbidity generated by 30 boats per hour is comparable to the turbidity generated by a 

sustained wind of 20 miles per hour (mph).  This frequency of boating activity occurred 
40 to 50 percent of the time compared to 20 mph wind occurring only 3 percent of the 
time. 

 
• A normal 20-foot-long boat created wake waves equivalent to the waves generated by a 

57 mph wind across the same area and in the same direction [Bhowmik et al. (1991)]. 
 

• The intensity of summer boating activity has a similar environmental impact to that of a 
storm-like condition 12 hours per day on the weekend and 5 hours per day on weekdays. 

 
• A statistically significant positive correlation existed between boating activities and 

turbidity on a daily and weekly basis. 
 

In addition to the above broad-based conclusions, the USACOE (1994) also computed 
and estimated the carrying capacity of  the Fox Chain of Lakes as far as the number of boats that 
these lakes could sustain without substantial impacts on the environment of the lakes.  The most 
important lesson from this study as far as the sediment management of these lakes is the effects 
of the recreational boats on sediment resuspension, increased turbidity, shoreline erosion, and 
altered sediment transport between and within each lake.  Any and all sediment management 
alternatives must address these impacts either reducing the effects of the boat wakes, propeller 
wash, etc. or altering the patterns of boat movement including their speeds, direction, etc. 
 
Interflow 
 
 Examination of Figure 1 may indicate that the flow from the Fox River should take a 
southerly route through Grass Lake, Nippersink Lake, and the northern part of Pistakee Lake. 
However, circulation data collected by Bhowmik [Kothandaraman et al. (1977)] have shown that 
water circulation patterns within the Fox Chain of Lakes are quite complex, and they are affected 
by the sustained wind. As a matter of fact, it was quite common to observe the flow direction 
changing between Grass Lake and Lake Marie depending upon the wind direction and flows on 
the main Fox River (Figure 1).  For example, Bhowmik [Kothandaraman et al. (1977)] measured 
a net flow of 82 cubic feet per second (ft3/s) on May 15, 1975, from Lake Marie to Grass Lake. 
However, on July 15, 1975, a net flow of 88 ft3/s was observed from Grass Lake to Lake Marie 
(Figure 1). 
 
 Additional circulation data collected over a period of seven months in 1975 by Bhowmik 
[Kothandaraman et al. (1977)] have shown that flows between these lakes are quite complex, and 
they vary with time, wind conditions, inflow and outflow conditions, and also from year to year.  
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Any management concepts for the reduction of the sediments in these lakes must be cognizant of 
these varied circulation patterns. 
  
 Circulation patterns described previously also are expected to be associated with an 
increased suspended sediment concentration within the lakes because of the shallow water 
depths. This enhanced circulation does and can increase the suspended sediment loads to move 
from one area to another.  Appendix D provides the circulation data collected by Bhowmik [see 
Kothandaraman et al. (1977)]. 
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Sedimentation, Bank Erosion, and Sediment Budget 
 
 Bhowmik [Kothandaraman et al. (1977)] has analyzed the sedimentation patterns for all 
the lakes based on cross-sectional data collected in 1975 and data available from previous years. 
Depths were sounded in 1975 for cross sections shown in Figure 1. Based on these data, some 
general analyses were completed to clarify the sedimentation problems. No new sounding data 
on these lakes have been collected since 1975 except for data Kay et al. (2000) collected on 
Channel Lake and Lake Catherine for the Clean Lakes Program. 
 
 Sedimentation patterns between 1964 and 1975 already have been discussed in the 
subsection “Lake Cross-Sectional Changes.”   
 
 No detailed bank erosion data on any specific sites were measured in the field. However, 
numerous field visits by the authors in 1975-1976 and in 2000 indicated that bank erosion is a 
major problem in most of these lakes. The FWA (Personal Communication, 2000) also has 
indicated that they are grappling with this problem and that many private lakefront property 
owners are resorting to various bank protection works, including numerous “home remedies”. 
During all the field visits, it became clear that the majority of the bank erosion is associated with 
the wind waves and recreational boating activities. Wind-generated waves normally affect the 
northern and northeastern shores of the lakes because the prevailing wind direction in Illinois 
during spring and summer is from the southwest. 
 
 Recently, Schrader and Holmes, Jr. (2000) collected suspended sediment data from four 
locations on the Fox Chain of Lakes for a period of 19 months. Data collection included inflow 
and outflow of the Fox River at Wilmot, Wisconsin, just north of the Illinois and Wisconsin 
border, and at Johnsburg, Illinois, respectively.  They also collected data from Nippersink Creek 
near Spring Grove and between Grass Lake and Nippersink Lake.  Figures 11 and 12 present the 
sediment budget based on their data.  These analyses have shown that during the study period 
about 43,300 tons/year of sediment entered Grass Lake, but about 47,100 tons/year of suspended 
sediment were discharged from Grass Lake. This showed a net scour of 3,800 tons/year of 
sediments from Grass Lake. This analysis also showed that about 57,100 tons/year of sediments 
entered the lakes below Grass Lake, and about 29,400 tons/year of sediments were discharged 
from the Fox Chain of Lakes at Johnsburg. This showed that the lakes below Grass Lake (Fox 
Lake, Nippersink Lake, and Pistakee Lake) had a net deposition of 27,100 tons/year of sediment, 
which translates into a trap efficiency of 48.5 percent. 
 
 Schrader and Holmes, Jr. (2000) also collected suspended sediment data during the 
Memorial Day weekend (May 26-31, 1999) when recreational boating activities were at their 
highest. During this period, they observed that the daily suspended sediment load below Grass 
Lake increased from 110 tons/day to 339 tons/day even though no hydrologic changes were 
observed within the watershed. They attributed this increase in suspended sediment load to 
heavy recreational boating activities that resuspended the fine bed sediments that were 
subsequently transported downriver.   Similar observations on resuspension of sediments due to 
recreational boating activities also were observed by USACOE (1994).  Bhowmik et al. (1998) 
also reported  
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Figure 11.  Sediment budget based on data reported by Schrader and Holmes (2000) 

 
 

 
 

28



 
 

Figure 12.  Flow chart of the sediment budget for the Fox Chain of Lakes 
in tons per year [as reported by Schrader and Holmes (2000)] 

 
 
similar resuspension of sediments on the Upper Mississippi and Illinois Rivers associated with 
the movement of commercial navigation traffic. Any and all management alternatives must be 
cognizant of the fact that recreational boating is an important economic activity on these lakes, 
and one that requires compatible remedial measures. 
 
 Over the years several researchers also analyzed the sediment inflow and outflow to the 
entire lake to several lake systems.  Table 4 summarizes those sediment budgets. 
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Table 4.  Estimates of Sediment Deposition in the Fox Chain of Lakes 
 

 
 

Reference 

Sediment 
inflow 

(tons/yr) 

Trap 
efficiency 

(%) 

Sediment 
deposited 
(tons/yr) 

Specific 
weight 
(lb/ft) 

Sediment-Volume 
deposited 

(acre-ft/yr) 
 
Stall & Bhowmik 
(1974) 

 
44,420 

 
80 

 
35,500 

 
60 

 
27.2 

 
Brabets 
(1977) 

 
34,100 

 
100 

 
34,100 

 
50 

 
31.3 

 
Metcalf & Eddy 
(1980) 

 
57,440 

 
80 

 
46,000 

 
55 

 
38.4 

 
Schrader & 
Holmes (2000) 

 
43,300 

 
48.5 

 
27,700 

 
70 

 
18.1* 

 
Note:  *Fox, Nippersink, and Pistakee Lakes only. 
 
 

The analyses shown above indicate that the Fox Chain of Lakes has been considered to 
be a trap basin and that some type of sediment management alternatives will be needed to 
revitalize several lakes that have experienced excessive sediment deposition.
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Suggested Sediment Management Alternatives 
 
 Any and all sediment management alternatives must be based on the basic premise that 
sediment movement in an alluvial stream can never be stopped completely. Thus, all actions and 
preventive measures had to be geared toward reducing the excessive sediments that may be 
entering the receiving bodies of water. Moreover, sediment management also must include in-
lake management and reduction of sediments from contributing watersheds. Implementing Best 
Management Practices (BMPs) on the watershed without addressing the in-situ sediment 
problem will not result in any long-term solution. At the same time, managing the in-situ 
sediment without implementing the BMPs on the watershed also will not solve the sedimentation 
problems in the lakes. Therefore, both in-situ and watershed-based sediment management 
alternatives must be implemented for the Fox Chain of Lakes. 
 

Presently, the FWA is testing an innovative technique to dispose of sediment from Grass 
Lake to create and maintain a navigation channel for recreational boating activities. Sediments 
are being removed hydraulically and pumped inside porous plastic “geotubes” that are allowed 
to settle on the lakebed.  Figure 13a shows this technique in operation. The floating breakwater 
shown in Figure 13b is used to suspend silt screens that will prevent the suspended sediments 
from dispersing from the confined area. Once these tubes are essentially full of sediments, they 
stay in place without much movement. Ice flocs punctured some geotubes that were full of 
sediments,  and the sediments spilled out during winter 1999. However, during summer 2000, 
when the Figure 13 photographs were taken, several more geotubes were being filled with 
sediments and stabilized to test this sediment disposal technique. 

 
The suggested sediment management alternatives have been subdivided into two 

categories: “In-Situ Management” and “Watershed-Based Management.” 
 
Figure 14 shows the shape of the in-progress geotube project to be constructed by the 

FWA within Grass Lake.  Figure 15a shows the portions of the geotubes filled with dredged 
materials through 2000-2001.  Figure 15b shows the conceptual island shape and size upon 
completion.  Thus, the FWA, with the help of the IDNR, already has started to rehabilitate Grass 
Lake by dredging excessive sediments and building an artificial island. 

 
Kudrna and Associates (1988) have prepared a comprehensive plan for the dredging and 

disposal of sediments from the Chain of Lakes.  They performed several tasks for the Chain of 
Lakes Fox River Waterway Management Agency: 

 
• Evaluate of the suitability of 55 potential sites to be developed into reusable dredge 

disposal sites. 
 
• Recommend a series of sites most suitable to initially accommodate the initial dredged 

disposal and materials generated by maintenance dredging. 
 

• Consider the long-term source of sedimentation problems and associated solutions. 



 
 

Figure 13 (a).  Geotubes in Grass Lake [after Bhowmik and Demissie (2001)] 
 
 
 
 
 
 

 
 

Figure 13 (b).  Geotubes in Grass Lake [after Bhowmik and Demissie (2001)] 
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Figure 14.  Proposed geotube island within Grass Lake 

 
The 55 sites for dredge disposal evaluated by Kudrna and Associates (1988) spread from 

Algonquin Dam to the Wisconsin-Illinois stateline. Twenty-six sites are located below the Chain 
of Lakes along the Fox River.  Almost all the sites are close to the waterway for ease of sediment 
disposal by hydraulic dredging.  After an exhaustive review, Kudrna and Associates (1988) 
provided descriptions, site characteristics, and recommended 7 lake sites and 11 river sites for 
sediment disposal.  Figure 16 shows the seven lakes sites.  Future sediment management plans 
being considered include off-lake disposal of dredged sediments for which these seven lake sites 
should be considered.  Table 5 provides specific site names corresponding to site numbers shown 
in Figure 16.    

 
The FWA also developed a ten-year plan to manage sediments for the Fox Chain of Lakes 

and a portion of the Fox River below McHenry Dam (Fox Waterway Authority, 2000).   The FWA 
has suggested 34 sediment management alternatives for the Chain of Lakes areas.  Appendix E 
includes alternatives and a brief description, including a figure showing the geographical locations 
of the recommended sites.  Several alternatives are essentially similar or at the same sites 
recommended by Kudrna and Associates (1988).  Some recommended remedial alternatives will be 
cited within the next subsection, “In-Situ Management.” 
 
 Broadly suggested sediment management alternatives have been divided into two 
separate categories:  “In-Situ Management” and “Watershed-Based Management.” 
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b. 

Figure 15.  a) Actual photograph of geotube island showing progress as of 2000-2001 in Grass Lake 
and b) conceptual drawing of completed geotube island in Grass Lake 

(photos from Peter Berrini, Cochran and Wilken, Personal Communication, 1999) 
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Figure 16.  Proposed lake disposal sites for dredged materials [after Kudrna and Associates (1988)] 
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Table 5.  Recommended Lake Sites for Dredged Sediment Disposal 

[after Kudrna and Associates (1988)] 
 

Site no. 
 

Site name 
  

                           L-2                     Pape Site 
                           L-5                Ackerman Island 
                           L-10                Central Grass  
                           L-13                Channel-Marie 
                           L-17a                Harbor Ridge Upland 
                           L-19                Petite Lake Road 
                           L-22                Stateline  - Wilmot Road 

 
 Note:  See Figure 16 for specific site locations 
 
In-Situ Management 
 
 Several in-situ management alternatives could be implemented.  These include: 
 

• Use geotubes to dispose of dredged sediment within the lake environment similar 
to Figures 15 a, b.  This alternative is also similar to alternatives 4, 6, 7, and 14 of 
the FWA (Appendix E, Figure E-1). 

 
• Arrange geotubes in a circle or teardrop shape to establish the outer perimeter of 

potential island(s). Once the geotubes are full of sediment and stable in place, 
hydraulically pump sediments to fill up the inside of the circle or the teardrop. 
The geotubes essentially will act as a containment facility for sediment disposal. 
The inside area of this containment facility can be filled in steps, allowing water 
to seep through and leaving solid sediments in place. After several years of 
operation, this containment facility will function like an artificial island. The land 
thus created could be increased in elevation over time to create some areas above 
100-year flood elevations. The artificial island or islands created will revegetate 
soon, approximating islands in a natural system. Disposing of sediments to create 
artificial islands will solve two problems: creation of deep water for recreational 
boating and aquatic habitats, and disposal of sediments. Creation of artificial 
islands with dredged materials is a concept being considered by the State of 
Illinois and the U.S. Army Corps of Engineers for Peoria Lake, a bottomland lake 
along the Illinois River. 

 
• Develop concepts of the artificial islands within Grass Lake (Figures 17-19). 

 
• Arrange proposed island or islands in a geometric pattern or patterns not only to 

maximize sediment disposal and create deepwater habitats, but also to reduce the 



 Figure 17.  Conceptual artificial island sites within Grass Lake 
(kidney-shaped islands) 

 
 

 
 

37



 
 

Figure 18.  Conceptual artificial island sites within Grass Lake 
(teardrop-shaped islands) 
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Figure 19.  Conceptual artificial island sites within Grass Lake 
(chevron-shaped islands) 
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wind fetch with an associated reduction of wind wake activities on the north and 
northeastern shores of the lakes. The final design will depend on hydrodynamic 
and sediment transport modeling to determine their impacts on velocity, flood 
heights, scour, and erosion (see Figure 17). 

 
• Isolate some part of Grass Lake and other lakes by pumping water out to attempt 

to dry the sediment and help consolidate it. This will increase the depth once 
barriers are removed. Sediments from within the confined areas also could be dry-
dredged.  This is similar to FWA alternatives 5, 8, 11, 15, 16, 18, 19, 20, 23, 25, 
and others (see Appendix E). 

 
• Build some type of semi-porous confined channel to isolate the main Fox River 

from its entrance to the outlet of Pistakee Lake. Presently, Grass Lake may be 
scouring in some years. This confinement of the river will prevent most sediment-
laden water from dispersing in the several lakes, thus preventing sediment 
deposition. 

 
• Dredge sediments from the lakes for disposal elsewhere [see FWA (2000) and 

Appendix E]. 
 

• Consider newer techniques for sediment removal presently being considered for 
Peoria Lake that also would be quite applicable for the Fox Chain of Lakes. These 
techniques will remove sediments in horizontal slices, keeping the soil structure 
in a semi-undisturbed state, thus significantly reducing sediment resuspension. 

 
• Dredge only selected areas of the lakes where sedimentation is a problem, see 

FWA (2000) and Appendix E.  Some of the dredged sediments could be sprayed 
on the adjacent land. 

 
• Install windbreaks in selected areas where wind wave is a major contributor to 

shore erosion. 
 

• Stabilize eroded shores with bioengineering techniques or a combination of 
bioengineering and structural toe protection techniques.  This could include 
Ackerman Island, the northwest shoreline of Nippersink Lake, Nippersink Creek 
near Route 12 Bridge, Eagle Point of Pistakee Lake, and the south shoreline of 
Pape Island on Pistakee Lake. 

 
• Create wetland habitats on the upper part of Grass Lake to force sediment 

deposition from the Fox River [see FWA (2000) and Appendix E]. 
 

• Establish and/or create a detention structure on the upper part of Grass Lake to 
arrest sediment movement in the downstream direction. Deposited sediments 
subsequently can be removed by dredging. 
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Figures 17-19 show several concepts to dispose of sediment from Grass Lake by building 
artificial islands.  Building a set of islands similar to those shown in Figure 17 will reduce the 
wind fetch on the eastern and northeastern shores, thus decreasing the wind wave activities on  
this shore.  These islands could be built so that they will not hinder normal recreational boating 
activities. 
 
 Figure 18 shows several conceptual island sites within Grass Lake.  These islands, if 
built, will not only reduce the wind fetch, but also would confine, to some extent, the flow of the 
Fox River in the downstream direction.  This type of flow confinement will assist in the 
nondispersal of Fox River sediments to other parts of the lake.  This will be important during the 
high flows when most of the sediments do move in an alluvial channel.  Another benefit from 
this set of islands would be the possible scouring of the sediments from in between these islands, 
which would enhance the navigability of the lake. 
 
 The last illustration shown in this set, Figure 19, shows a set of chevron-type islands.  
Similar islands have been built on the Upper Mississippi River in areas where velocities are 
extremely low.  Those islands have provided very good aquatic habitats.  It is suspected that if 
similar islands were built on the Fox Chain of Lakes, they also would provide benefits to fish 
and wildlife, including the disposal of some of the deposited sediments.  Based on the normal 
understanding of river flows, it is suspected that the semi-enclosed areas of all of these islands 
may ultimately fill up with sediments. The three islands on the eastern side have been oriented as 
shown to reduce the wind wave activities on the eastern shore of the lake.  All these conceptual 
island sites are in addition to the geotube island now being built within Grass Lake. 

 
Watershed-Based Management 
 
 Numerous Best Management Practices (BMPs) could be used to reduce the sediment 
input to the lake. One difficulty facing the FWA and the State of Illinois is the fact that most of 
the drainage area of the Fox Chain of Lakes is located in Wisconsin and thus beyond the 
jurisdiction of the State of Illinois. Still several watershed-based techniques are suggested for 
implementation in both states. 
 

• Implement BMPs such as bank stabilization, surface runoff reduction structures, and 
erosion control on agricultural watersheds to reduce the steep gradients and establish 
buffer strips along the stream corridor and in-between farmlands. 

 
• Create small but distributed detention ponds within the watershed to reduce flood peaks 

and help store the sediments. 
 
• Create side channel sediment traps. 
 
• Remove sediments from the stream environment where high sedimentation is a problem. 

However, a thorough stream stability analysis will be needed before any streams are 
altered significantly. 
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 Any and all sediment management alternatives must have the support and concurrence of 
landowners, local management authority, local state and federal government, and the general 
public. Erosion and sedimentation must be addressed on a systemwide basis. Consideration must 
be given not only to technical problems, but also to social, political, and economic opportunities 
and problems. It took many years for the present excessive sedimentation rates to become a 
problem. It also will take many years to remediate these problems. There is no quick fix. 
 
Suggested Future Activities 
 
 Several actions and activities should be considered for implementation on a continuous 
basis.  These are: 
 

• Conduct hydrographic surveys of all the lakes immediately and then at 5- to 10-year 
intervals. 

 
• Once the hydrographic surveys are done, analyze and compare these data with all 

existing data to determine the trends of sediment deposition in various lakes. 
 

• If a project is constructed, such as the present geotube island construction, conduct 
hydrographic surveys to determine the as-built hydrography.  Thereafter, those areas 
should be monitored at regular intervals to determine the effectiveness and viability of 
such projects. This also should be done if artificial islands are built with dredged 
sediments. 

 
• Initiate water quality monitoring of the lakes. 

 
• Monitor the continued viabilities of the dredged channels for recreational boating 

activities on a regular basis.   
 

• Initiate and maintained a regular schedule for monitoring of the other environmental 
indicators. 
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Summary 
 
 This report summarizes the sedimentation information available from the Fox Chain of 
Lakes area and suggests some management alternatives for implementation by local, state, 
and/or federal agencies.  The Fox Chain of Lakes is a series of nine major interconnected lakes 
that were formed during a glacial period.  The lakes are located on a flat slope of the Fox River 
even though the upstream and downstream reaches of the river have steep gradients.  The river 
originates in Wisconsin and flows through the flat gradient of Grass Lake, Nippersink Lake, and 
the northeastern part of Pistakee Lake.  Because all of the lakes act like a detention basin, the 
sediments from the Fox River drop within these lakes.  Grass Lake is now essentially full of 
sediments with some scouring in recent times. 
 
 Other sediment-related problems are created by waves generated by wind and from 
recreational boats.  This is especially true for Grass Lake, Nippersink Lake, and portions of 
Pistakee Lake.  Resuspension of sediment by waves creates an imbalance in the sediment budget 
of the lake. 
 

Because the lakes are interconnected and also relatively shallow, the wind tide and wind 
setup do impact these lakes.  It is not uncommon to see the flow between Grass Lake and Lake 
Marie reversing directions depending upon wind direction. 
 
In-Lake Sediment Management Alternatives 
 

The unique features of these lakes also afford an opportunity to suggest in-lake and off-lake 
sediment management alternatives.  The following in-lake sediment management alternatives are 
suggested: 
 

• Dispose of sediment from the lake to outside staging areas by dredging. 
 
• Create artificial islands with dredged sediment to: 

- Reduce wind fetch. 
- Dispose of sediment. 
- Create deepwater habitats. 
- Create terrestrial habitats. 
- Maintain the navigation channel. 
- Confine Fox River flow through Grass Lake, thus preventing dispersal of 

sediment-laden water. 
- Break the internal circulation that would otherwise move sediment-laden water 

into unwanted areas. 
- Create perimeters of the artificial islands with geotubes and subsequently fill the 

inside of the area thus created. 
 

• Stabilize lakeshores and island shores from excessive bank erosion. 
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Off-Lake Sediment Management Alternatives 
  
 The following off-lake sediment management alternatives are suggested: 
 

• Stabilize highly eroded streambanks. 
 
• Implement BMPs, including but not limited to buffer strips, wetlands, and creation of 

small detention ponds, side channel sediment traps, and other options. 
 

Both in-lake and off-lake sediment management plans need to be implemented for 
successful operation of overall management of the sediments to the lake.  Implementation of 
BMPs on the watershed will not solve the sedimentation problems of the lakes.  Managing 
sediments from within the lakes without addressing the inflow sediment problem would not be a 
successful operation either. However, as far as the State of Illinois is concerned, almost all of the 
watershed of the Fox River upstream of the Chain of Lakes is in Wisconsin where 
implementation of BMPs cannot be done by the State of Illinois only.  Therefore, for the State of 
Illinois, the best alternative would be to manage the sediments within the lake.  This will take a 
long time because the problem was created over a very long period.  It also will take a long time 
before this excessive sedimentation problem is solved. 
 
 The agencies involved also should seriously consider the implementation of regular 
hydrographic surveys of the lakes, continuous data collection for “performance evaluation” of 
any and all implemented projects, initiation of a regular water quality monitoring program, and 
regular evaluation of other environmental indicators of the lakes. 
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Annotated Bibliography for the Fox Chain of Lakes 
Sediment and Sedimentation 

 
 
Adams, J.R., N.G. Bhowmik, A.P. Bonini, A.M. Klock, and M. Demissie. 1984. Sediment 
Yield of Streams in Northern and Central Illinois. Illinois State Water Survey Contract 
Report 353. Champaign, IL. 
    The authors compiled data through Water Year 1982 for 59 suspended sediment stations and 
12 lakes in Illinois. The data were then analyzed in three phases: station, general, and regional. 
General analyses focused on three topics: (1) estimating long-term average annual sediment 
loads from short-term sediment data and from a new method for stations with relatively long 
records of suspended sediment data, (2) multiple regression analysis, and (3) sediment transport 
by flood events. Regional analysis produced six Sediment Yield Areas (SYAs). The authors then 
detail the recommended techniques for estimating sediment loads at gaged and ungaged 
locations for streams in Illinois.   
    This report contains: (1) a summary of sediment data available for Illinois, including stations 
on the Fox River at Algonquin, Montgomery, and Dayton, and a station on Ferson Creek (Fox 
River tributary) near St. Charles, Illinois, and (2) a chart of average annual sediment yield versus 
drainage area for Land Resource Areas 108 (Fox River from Aurora to Ottawa) and 95 (Fox 
River above Aurora). 
Keywords: Sediment Transport, Methodology 
 
Alster & Associates, Inc. 1976. Floodplain Topographic Maps, Fox Chain of Lakes Region. 
Madison, WI.  
    This publication is comprised of a series of mylar maps that are aerial photos with 
supplementary 2-foot contours compiled by stereophotogrammetric interpolation between basic 
4-foot contours. The scale is 1 inch = 400 feet. The photos were taken in 1975. There are 34 
sheets and a control and map sheet index. The scale of the control map and sheet index is 1 inch  
= 5,000 feet.  
Keywords: Mapping 
 
Austen, D.J., J.T. Peterson, B. Newman, S.T. Sobaski, and P.B. Bayley. 1993. Compendium 
of 143 Illinois Lakes: Bathymetry, Physico-chemical Features, and Habitats - Volume 1 - 
Lakes in Regions 1, 2, and 3. Illinois Natural History Survey Aquatic Ecology Technical 
Report 93/9 (1). Champaign, IL. 
    The authors have compiled detailed information on a large set of Illinois lakes. The 
information may be of use to managers and researchers. The report, a culmination of field work 
that began in 1985, presents maps indicating bathymetry, shoreline habitat types, and Illinois 
Department of Conservation fish sampling locations. Tables describe physical, chemical, and 
historical information. 
    This report contains maps and information for the following lakes in the Chain: Bluff Lake, 
Lake Catherine, Channel Lake, Fox-Nippersink Lakes, Grass Lake, Lake Marie, Petite Lake, and 
Pistakee Lake. 
Keywords: Mapping, Hydrology 
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Bhowmik, N.G., and J.B. Stall. 1978.  "Circulation Patterns in the Fox Chain of Lakes in 
Illinois." Water Resources Research 14(4):633-642. 
    The authors collected circulation data at seven locations on five different occasions during 
1975 in the Fox Chain of Lakes in Illinois. In areas of negligible inflow, wind governed the 
circulation patterns in all of the lakes. Generally, the surface water moved with the wind, and 
there was some return flow below certain depths. Measured wind-generated current profiles in 
the lakes indicated that they generally follow a logarithmic distribution. The wind factor defined 
as the ratio of surface water velocity to wind velocity varied from 2 to 7 percent. Theoretical 
circulation patterns in Pistakee Bay for a few selected wind conditions were computed by a finite 
method. Computer plots were developed, and the theoretical circulation patterns were compared 
with the measured circulation patterns. Correlation between the theoretical and measured 
circulation patterns was found to be good.  
Keywords: Hydrology 
 
Brabets, T.P. 1977. Sediment Transport to the Fox Chain of Lakes, Illinois. U.S. Geological 
Survey Open-File Report 77-867. Chicago, IL. 
    From December 1975 to 1977, the author sampled two main tributaries to the Fox Chain of 
Lakes, the Fox River and Nippersink Creek, to determine the amount of suspended inorganic 
sediment being transported into the Chain of Lakes. An estimated 34,100 tons of suspended 
sediment are transported to the lakes annually. Of this, 16,100 tons were from the Fox River and 
14,400 tons from Nippersink Creek. Based on drainage-area ratios, it is estimated that the 
additional 3,600 tons were from Squaw Creek, a minor tributary. Assuming a density of 50 lb/ft3, 
it would take an average of 200 years to deposit 1 foot of sediment throughout the entire Chain 
of Lakes. 
    This report contains: (1) computations of average annual sediment yield of the Fox River near 
Channel Lake and for Nippersink Creek near Spring Grove, (2) total estimated sediment yield for 
the Fox Chain of Lakes, (3) capacity of the Fox Chain of Lakes due to sedimentation, and (4) a 
comparison of results to Stall and Bhowmik (1974). 
Keywords: Sediment Transport 
 
CH2M Hill. 1982. Investigating Sedimentation in the Fox River Chain of Lakes and 
Associated Channels. Prepared for U.S. Army Corps of Engineers (USACOE), Chicago 
District. Milwaukee, WI.  
     The author reviewed various literature sources relating to sedimentation in the Chain of 
Lakes. The existing data were organized and evaluated in regard to the sources of sediment 
accumulating in the lakes, trap efficiencies, and the rate of sediment deposition in the Chain of 
Lakes. The apparent water quality problems are nuisance algal blooms, high turbidity, and low 
dissolved oxygen levels. The accumulation of sediment on the lake bottoms and in the navigation 
channels has resulted in decreased lake depths which is impeding boating activity on the lakes. 
Several courses of action for dealing with the sedimentation problems are suggested. 
    This report contains: (1) a matrix of references relating to sedimentation in the Chain of 
Lakes, and (2) a comparison of data reported by Kothandaraman et al. (1977), Brabets (1977), 
Stall and  
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Bhowmik (1974), Metcalf & Eddy (1980), Alster & Associates (1976), and Illinois Department 
of Public Works (1962 a,b,c). 
Keywords: Sediment Transport 
 
Colman, J.A., and R.F. Sanzalone. 1991. Surface Water-Quality Assessment of the Upper 
Illinois River Basin in Illinois, Indiana, and Wisconsin: Geochemical Data for Fine-Fraction 
Streambed Sediment from High- and Low-Order Streams, 1987. U.S. Geological Survey 
Open-File Report 90-571. Urbana, IL. 
    The authors present geochemical data from a synoptic survey of 46 elements in fine-fraction 
streambed sediments of the upper Illinois River basin during the fall of 1987. Most of the sites 
were randomly chosen - 135 on main stems of rivers and 238 on first- and second-order streams. 
    The report includes element-concentration data and summary-statistics tables of percentiles, 
nested analysis of variance, and correlation coefficients. All concentration data are included in 
tabular form. Sampling sites include three high-order stream sites and two low-order stream sites 
that are located in the Fox Chain of Lakes area. 
Keywords: Sediment Quality   
 
Cook, E.E. 1941. Cook's Hydrographic Guide to the Best Lakes and Resorts in Illinois, 
Indiana, and Wisconsin. Chicago edition. Fox Lake, IL. 
    This publication includes bathymetric maps from surveys conducted by the author in 1940 for 
Nippersink Lake, Fox Lake, Petite Lake, Pistakee Lake, Grass Lake, Bluff Lake, Channel Lake, 
Lake Catherine, and Lake Marie. 
Keywords: Mapping 
 
Fox Waterway Agency. 1999. Chain of Lakes Fox River Region. Fox Lake, IL. 
    This base map is licensed from DalanWare Inc. and is copyrighted by the Fox Waterway 
Agency.  The two-sided map covers the region from the Fox River at the Wisconsin-Illinois 
State line to the City of Algonquin. The map includes information on boating and navigation 
through the Chain and through the Fox River. 
Keywords: Mapping   
 
Illinois Department of Public Works, Division of Waterways. 1932.  
Map of the Chain of Lakes Region. Springfield, IL. 
  This map was published in 1932 at a scale of 1 inch = 1,500 feet.    
Keywords: Mapping 
 
Illinois Department of Public Works, Division of Waterways. 1941.  
Map of the Chain of Lakes Region. Springfield, IL. 
  This map was published in 1941.    
Keywords: Mapping 
 
Illinois Department of Public Works, Division of Waterways. 1956. Chain of Lakes Region, 
Pistakee Lake Area, Nippersink-Fox Lakes Area. Springfield, IL. 
   These two maps were published in 1956 and have a scale of 1 inch = 800 feet.  For the Pistakee 
Lake area, culture and drainage in part were compiled from aerial photographs taken in 1954. 
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For the Nippersink-Fox Lake areas, culture and drainage in part were compiled from aerial 
photographs taken in 1953. Topography in part was compiled from the U.S. Geological Survey 
Grays Lake Quadrangle Map.    
Keywords: Mapping 
 
Illinois Department of Public Works, Division of Waterways. 1958. Chain of Lakes Region, 
Grass Lake-Fox River Area. Springfield, IL. 
  This map was published in 1958 and has a scale of 1 inch = 800 feet. Culture and drainage in 
part were compiled from aerial photographs taken in 1954. Topography in part was compiled 
from the U.S. Geological Survey Grays Lake Quadrangle Map. 
Keywords: Mapping 
 
Illinois Department of Public Works, Division of Waterways. 1962a. Survey Report for 
Development of the Fox River, Ottawa, IL to McHenry Dam. Springfield, Illinois. 
    The authors present the studies and investigations made in the preparation of plans for the 
development of recreational navigation on the Fox River from the Illinois-Wisconsin State line 
to the Illinois River at Ottawa. The purpose of the report is to present a comprehensive master 
plan of improvement and development for the Fox River to serve as a guide for the regulation of 
future construction in and along the river and to delineate the lands, water, and flowage rights 
necessary to achieve the ultimate goal of canalization of the river. 
    This report contains: (1) a list of prior reports published by Federal and State agencies 
concerning surface water control in the Fox River watershed, (2) a complete listing of prior 
improvements on the Fox River constructed by the Division of Waterways since the year 1939, 
(3) a survey covering the Fox River from its confluence with the Illinois River at Ottawa, 
Illinois, upstream to its outlet from Pistakee Lake in the Fox Chain of Lakes, (4) an overview of 
the regional climate and geology of the region, including Fox River Drainage History, and (5) an 
overview of the streamgaging network in the area. 
Keywords: Hydrology, Mapping 
 
Illinois Department of Public Works, Division of Waterways. 1962b. 
Report on Water Levels and McHenry Dam, Fox Chain of Lakes Region, McHenry & Lake 
Counties. Springfield, IL. 
    The authors conducted an engineering study and analysis of the operation and performance of 
the McHenry Dam structure on the Fox River, with particular emphasis on the functioning of the 
structure during periods of high pool and tailwater stages. 
   This report contains: (1) a history of the three dams: Algonquin, McHenry, and Wilmot, (2) a 
table of river slopes at strategic points from the State Line to the mouth of the Fox River, and (3) 
information on the 1960 and 1962 floods. 
Keywords: Hydrology, Mapping 
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Illinois Department of Public Works, Division of Waterways. 1962c. 
Maps From the Survey Report for the Development of the Fox River - Ottawa to Algonquin. 
Springfield, IL. 
    This map set contains sheets 1- 90 plus vicinity map and profile for development of the Fox 
River. The contour interval for these maps is 2 feet.  
Keywords: Mapping 
 
Illinois Department of Public Works, Division of Waterways. 1968. Map of the Channel - 
Petite Lake Area, Map of the Pistakee Lake Area, Map of the Nippersink-Fox Lakes Area, 
Map of the Grass Lake-Fox River Area. Springfield, IL. 
    These are the final 1968 maps published by the Division of Waterways. All of the maps have a 
scale of 1 inch = 800 feet. For the Pistakee, Nippersink-Fox, and Grass-Fox River areas, culture 
and drainage were in part compiled from aerial photographs taken in 1965. For the Channel-
Petite Lake area, culture and drainage were in part compiled from aerial photographs taken in 
1966.   
Keywords: Mapping 
 
Illinois Department of Public Works, Division of Waterways. 1971. Chain of Lakes Region. 
Springfield, IL. 
    This map of the entire Chain of Lakes region was published in 1971 with a scale of 
 1 inch = 3,000 feet. 
Keywords: Mapping 
 
Illinois Department of Transportation, Division of Water Resources. 1995. Worst Case 
Analysis for Chain of Lakes Geotubes, Lake County, Illinois.  Springfield, IL. 
    The authors evaluated the effectiveness of reconstructed wetlands, using geotubes, in the 
Chain of Lakes. The proposed wetlands were coded in the unsteady flow model (FEQ) 
developed for the Fox River. Included in this summary are maps showing the location of the 
wetlands in Nippersink, Grass, and Pistakee Lakes and the crosssections used in the model. A 
total of 24 separate runs were made to look at the effect of the wetlands on flood stages. The 
results are presented in a table. 
Keywords:  Dredging, Modeling 
 
Illinois Rivers and Lakes Commission. 1915. Report of Survey and Proposed Improvement of 
the Fox River, State of Illinois, Chicago.  Springfield, IL. 
    This report contains: (1) many old photos of the Fox River valley, (2) an early description of 
the physical features of the Fox River valley, (3) a survey of the Fox River at Ottawa, IL, to the 
State line 1914, (4) distances and river slope, (5) a list of benchmarks for the survey, (6) 
discharge measurements, daily height of gage, rating table, daily discharge, and monthly 
discharge of Fox River at South Elgin, Fox River at Wedron, and Fox River at Aurora, (7) 
hydrographs of the Fox River at Wedron, Fox River at South Elgin, and Fox River at Sheridan, 
and (8) runoff and discharge curves of the Fox River at Wedron and the Fox River at South 
Elgin. 
Keywords: Hydrology 
Kay, R.T., G.P. Johnson, and D. L. Schrader. 2000. Hydrology, Water Quality, and Nutrient 
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Loads to Lake Catherine and Channel Lake, near Antioch, Lake County, Illinois. U.S. 
Geological Survey Water-Resources Investigations Report 00-4088. Urbana, IL. 
    From April 21, 1998 through April 30, 1999, the authors conducted an investigation designed 
to determine the sources of nutrients and sediment contributing to the eutrophication of Lake 
Catherine and Channel Lake. In addition to a description of the surface- and groundwater 
hydrology of the area, the results of surface-water-flow measurements, precipitation 
measurements, aquifer testing, surface- and groundwater-level measurements, water-quality 
sampling, and waterfowl counts in the vicinity of these lakes are presented. Water-quality 
samples were collected from precipitation, groundwater, streams, storm drains, and near the 
surface and bottom of the lakes. Water-quality samples were analyzed for nitrogen and 
phosphorous compounds, and volatile and total suspended solids. The report presents the 
hydrologic budget, sediment budget, and nutrient budget for the lakes. The nutrient-limiting 
algal growth and the trophic state for the lakes were also determined. Investigation results will 
be used to develop remediation strategies for these lakes. 
    This report contains: (1) a bathymetric survey of Lake Catherine and Channel Lake, (2) a 
history of water-quality problems and corrective measures taken for Lake Catherine and Channel 
Lake, and (3) the hydrologic budget, sediment budget, and nutrient budget of Lake Catherine and 
Channel Lake, May 1998 - April 1999. 
Keywords: Hydrology, Sediment Transport, Water Quality 
 
Kelly, M.H., and R.L. Hite. 1981. Chemical Analysis of Surficial Sediments from 63 Illinois 
Lakes, Summer 1979. Illinois Environmental Protection Agency Investigations of Surface 
Waters.  Springfield, IL. 
    The authors performed chemical analyses of surficial sediments from 63 Illinois lakes in 1979. 
Six sediment samples were taken at each of two locations: Fox Lake and Channel Lake. Test 
results from 16 parameters were reported. Compared to all 63 lakes, Fox and Channel Lake 
samples had elevated concentrations of volatile solids, organic carbon, total Kjeldahl nitrogen, 
and chemical oxygen demand (COD); normal concentrations of phosphorous, arsenic, cadmium, 
chromium, copper, lead, manganese, mercury, and zinc; below normal concentrations of iron; 
and dichlorodiphenyltrichloroethane (DDT) and dieldrin concentrations below detectable levels. 
Keywords: Sediment Quality 
 
Kothandaraman, V., R.L. Evans, N.G. Bhowmik, J.B. Stall, D.L. Gross, J.A. Lineback, and 
G.B. Dreher. 1977. Fox Chain of Lakes Investigation and Water Quality Management Plan.  
Illinois State Water Survey and State Geological Survey Cooperative Resources Report 5. 
Urbana, IL. 
    The authors investigated the hydrological, physical, chemical, and biological characteristics to 
gain knowledge that will be used to develop short-term and long-term strategies leading to the 
restoration and preservation of desirable water quality in the Fox Chain of Lakes. Efforts were 
directed to updating hydrologic maps of the system, determining water circulation patterns, 
defining the extent of thermal and dissolved oxygen stratifications in the lakes, documenting the 
temporal and spatial variations in chemical and biological water quality, investigating the 
geology and geochemistry of the lake bottoms, identifying the critical elements responsible for 
the profuse algal growth in the system, and developing a nutrient budget for the lake system. 
    This report contains: (1) the geology and sediment geochemistry of the lakes, (2) the 
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hydraulics and hydrology of the lakes including background data and field collection, depth-area 
and depth storage relationships, depth soundings, inflows and outflows, interflow between lakes, 
theoretical hydraulic detention times, and circulation patterns, and (3) a survey of the 1975 lake 
bed elevations along 26 cross sections throughout the Fox Chain of Lakes. 
Keywords: Sediment Quality, Sediment Transport, Water Quality, Hydrology, Mapping 
 
Kudrna & Associates, Ltd. 1987. Final Report for Sampling and Analysis of Chain of Lakes 
Channel. Performed by ArCo Laboratories, Inc. Joliet, IL. 
   The authors present the results of the sampling and analysis of sediment cores and water 
samples collected from various locations in the channel connecting Grass and Nippersink Lakes. 
Sediment and water-quality samples were analyzed for the purpose of identifying contaminants 
so that proper sediment handling and disposal measures could be specified for a proposed 
dredging operation that will hydraulically remove the sediments from the channel to a depth of 6 
feet. Samples were collected in 1987. Sediment depths and water depths are given for each of the 
10 sampling sites in the area.  Analytical results of the sediment and water samples from ArCo 
Laboratories are presented in table form and include organics, inorganics, and volatiles. 
Keywords: Sediment Quality 
 
Kudrna & Associates, Ltd. 1988. Comprehensive Dredging and Disposal Plan: Final Report. 
Volumes 1-3 with Appendices A-I. Prepared for the Chain of Lakes Fox River Waterway 
Management Agency. Chicago, IL. 
    The authors present a "Comprehensive Dredging and Disposal Plan" that considers the 
suitability of 55 potential sites to be developed into reusable dredge disposal sites and to 
recommend a series of the most suitable sites that collectively can accommodate initial dredging 
and maintenance dredging of main navigational channels located along the Fox River and in the 
Chain of Lakes. The plan addresses historical perspectives including an overview of earlier 
dredging studies and dredging activities; sediment issues, including sources, existing conditions, 
and sediment sampling; disposal methods; potential dredge disposal sites; ecological impacts; 
social and economic impacts; and a detailed evaluation of 55 potential disposal sites with 
conclusions and recommendations. 
    This report contains: (1) sediment data from Kothandaraman et al. (1977) and Kudrna & 
Associates (1987), (2) individual site evaluations including location plans, (3) results of a 1981 
electrofishing survey of the Fox River, and (4) Lake County erosion and sediment control 
regulations. 
Keywords: Dredging, Habitats  
 
Metcalf & Eddy/Alstot, March & Guillou. 1980a. Improvements for Flood Control and 
Boating: Fox Chain of Lakes and Fox River - Lake, McHenry, and Kane Counties, Illinois. 
Chain of Lakes-Fox River Commission. Antioch, IL. 
    The authors conducted an engineering study, including a lake sounding program, covering all 
areas of the principal lake of the Fox Chain of Lakes where the normal depth is less than 6 feet. 
The purpose of the study was: (1) to outline the procedures to restore the recreational boating 
channels in Grass Lake, Nippersink Lake, Fox Lake, Pistakee Lake, Channel Lake, and Lake 
Marie; (2) to plan for the restoration of acceptable boating and fishing depths over the Chain of 
Lakes and contiguous Fox River; (3) to develop a system of channel changes and sedimentation 
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areas between the Fox River and its entry to Grass Lake; (4) to plan for the construction of 
recreational facilities and for upgrading of the recreational navigation and flood control facilities 
at McHenry Dam; and (5) to make recommendations for development of recreational boating 
channels and water access areas on the Fox River between McHenry Dam and the existing dam 
at Carpentersville in Kane County. 
    This report contains: (1) A history of development of the Fox Chain of Lakes, (2) the geology 
of the Fox Chain of Lakes region, (3) the hydrology of the Fox Chain of Lakes and a summary of 
USGS streamgaging records, flow characteristics including 1974 annual hydrographs, partial 
duration series flood frequency analyses, sediment transport and silting (which includes a 
discussion and comparisons of the data from the previous reports, (4) a recreational boating and 
mapping section, which includes an analysis of the navigation charts prepared by IDOT-DWR to 
determine navigable depths of the boating channels in Grass Lake, Nippersink Lake, Fox Lake, 
Pistakee Lake, Channel Lake, and Lake Marie, and (5) a lake restoration and improvement plan 
that outlines a recommended dredging plan including cross sections, topographic maps, and 
boring logs.   
Keyword: Hydrology, Dredging, Sediment Transport, Impact Analysis 
 
Metcalf & Eddy/Alstot, March & Guillou. 1980b. Map Folios - Supplement to: 
Improvements for flood control and boating: Fox Chain of Lakes and Fox River - Lake, 
McHenry, and Kane Counties, Illinois. Chain of Lakes-Fox River Commission.  Antioch, IL. 
   These maps include: (1) Fox River Cross Sections - Grass Lake to Wilmot Dam, Wisconsin, 
(2) Fox Chain of Lakes Lake Sounding Charts and Channel Depths, and (3) Fox River Cross 
Sections - Pistakee Lake to Carpentersville Dam, Illinois. 
Keywords: Mapping 
 
Schrader, D.L. and R.R. Holmes. 2000. Lake Circulation, Water Budget, and Suspended-
Sediment Budget for the Fox Chain of  Lakes in Lake and McHenry Counties, Illinois, 1997-
1999. U.S. Geological Survey, Water Resources Investigations Report 00-4115. Urbana, IL. 
    From December 1997 to June 1999, the authors conducted a study of the sedimentation 
problems in the Fox Chain of Lakes to investigate specifically the sediment-trapping capability 
of Grass Lake and to collect hydrodynamic data as a precursor to future studies. Circulation 
patterns in the Fox Chain of Lakes were determined from April 20-22, 1998, to July 27-31, 1998, 
and are presented in the report. Suspended-sediment samples were collected at four streamflow-
gaging stations. These samples were analyzed to determine suspended-sediment concentration 
and used to compute daily sediment loads. Instantaneous discharges were measured at 18 other 
locations, and water velocities were measured at many locations in the Fox Chain of Lakes. Bed 
material samples were collected at seven locations. A total of 64,900 tons of suspended sediment 
entered Grass Lake during the study, whereas a total of 70,600 tons of suspended sediment 
exited the lake, indicating a net scour of 5,700 tons of sediment. A total of 44,100 tons of 
suspended sediment was measured exiting the Fox Chain of Lakes at Johnsburg, whereas 85,600 
tons entered the system downstream from Grass Lake. These suspended sediment loads indicate 
a net deposition of 41,500 tons downstream from Grass Lake, which represents a trapping 
efficiency of 48.5 percent. 
    This report contains: (1) an analysis of the bed-material grain size at seven locations; (2) the 
laboratory analysis of suspended sediment in water from four streamgaging stations; (3) drainage 
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area, total discharge, suspended-sediment load, sediment trapped, and sediment yield at four 
streamflow-gaging stations and ungaged areas in the Fox Chain of Lakes; (4) flow duration 
curve for Nippersink Creek near Spring Grove; and (5) a comparison of wind direction, wind 
speed, and water levels at selected recording stations. 
Keywords: Hydrology, Sediment Transport 
 
Stall, J.B., and N.G. Bhowmik. 1974. Estimated Sedimentation in the Fox Chain of Lakes 
and in the Pools Behind Dams on the Fox River in Illinois. Prepared by the Illinois State 
Water Survey, Urbana, IL. A letter report to State Department of Conservation and State 
Division of Waterways. 
    The authors studied the rates at which sediment is being deposited in the Chain of Lakes, and 
in pools behind dams along the Fox River. This information will be used in consideration of 
various remedial measures for sediment problems, such as dredging, and to get an idea of the 
continued buildup of sediment. Average annual sediment yields of the Fox River at various 
locations in the river system were estimated based on available sedimentation data specifically 
applicable for the Fox River basin. In addition, the trap efficiency and average annual capacity 
lost by sedimentation were determined for the Fox Chain of Lakes. 
    This report includes: (1) a map of the Fox River from Ottawa to Wilmot, showing drainage 
areas, and a profile of the Fox River from Ottawa to the Pistakee Lake outlet, (2) an estimate of 
the average annual sediment yield for the Fox River and also for its main tributaries based on 
curves taken from USACOE (1970), (3) a table of total estimated sediment yield, Fox River 
basin, (4) a table of total estimated sediment yield, Fox River tributaries, (5) estimated trap 
efficiencies of the Fox Chain of Lakes and all other pools created by existing dams on the Fox 
River based on capacity-inflow ratio curves taken from USACOE (1970), (6) a table of trap 
efficiency of the Fox Chain of Lakes, (7) a table of capacity lost of the Fox Chain of Lakes due 
to sedimentation, (8) a table of trap efficiency of all dams, and (9) a table of capacity lost due to 
sedimentation: lakes formed by McHenry and Algonquin Dams. 
Keywords: Sediment Transport 
 
U.S. Army Corps of Engineers (USACOE), Chicago District. 1970. Upper Mississippi River 
Comprehensive Basin Study. Volume 3; Appendix G: Fluvial Sediment.  Chicago, IL. 
    In Appendix G the authors discuss sedimentation and related problems in the Upper 
Mississippi River basin. Sediment yield data from reservoir surveys and stream sampling within 
the basin were compiled and adjusted to a common 20-year base period, 1945-1964, inclusive. 
Sediment yields were evaluated on the basis of Land Resource Areas having similar physical 
characteristics. This analysis revealed that within a given Land Resource Area, sediment yield 
varied inversely with the size of the tributary area. Curves for the average annual sediment yield 
for each Land Resource Area are shown. Trap efficiency, specific weight, and the distribution of 
deposited sediments are discussed so that the user may estimate the amount and distribution of 
the deposition in a proposed reservoir.  
    This report contains a figure that graphically shows the observed sediment yields for two areas 
of concern: 1) the Fox River, Aurora to Ottawa (Land Resource Area 108), and 2) the Fox River 
above Aurora (Land Resource Area 95).  
Keywords: Sediment Transport 
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U.S. Army Corps of Engineers (USACOE), Chicago District. 1984. Interim Report, Fox 
River and Tributaries, Illinois: Feasibililty Report with Final Environmental Impact 
Statement.   Chicago, IL. 
    The authors investigated the water and related land resource problems and needs in the Fox 
River basin in Illinois to determine whether improvements or other actions are necessary and 
advisable to enhance the development, use, and conservation of these resources in the interest of 
the general public. The main objective in problem assessment was to identify the flood damage 
areas and estimate the average annual damages. Major residential damages occur between the 
Wisconsin-Illinois State line and St. Charles, Illinois. This segment is largely developed, 
especially upstream of McHenry Dam, with little open space contiguous to the river. Annual 
residential damages have averaged $1,286,900 for the study area. Three alternative plans for 
reducing flood damages along the Fox River (A, B, and C) were selected for detailed study. The 
recommended plan, Plan C, provides for the installation of floodgates on the existing, fixed 
spillway dams at McHenry and Algonquin. The average annual benefit cost ratio for the project 
is 1.7. 
Keywords: Impact Analysis, Hydrology  
 
U.S. Army Corps of Engineers (USACOE), Chicago District. 1993. Boating Impact Study 
with Draft Environmental Impact Statement. Volumes 1-3 with Appendices A-N.  Chicago, 
IL. 
    This is a draft version of the 1994 Cumulative Impacts Study. The draft includes the following 
data that are not included in the Cumulative Impacts Study: 1) Attachment G1 and G2 in 
Appendix G: Erosion Study Data and Soil Sample Laboratory Test Results, and 2) Raw Water 
Quality Data in Attachments B and C in Appendix H: Seasonal Sampling Data and Diel 
Sampling Data.   
Keywords: Impact Analysis, Water Quality, Sediment Quality 
 
U.S. Army Corps of Engineers (USACOE), Chicago District. 1994. Cumulative Impacts of 
Recreational Boating on the Fox River - Chain O' Lakes Area in Lake and McHenry 
Counties, Illinois: Final Environmental Impact Statement.  Volumes 1-3 with Summary and 
Appendices A-K.  Chicago, IL. 
     The authors prepared an environmental impact statement (EIS) to present the cumulative 
environmental impacts of potential permitting actions along the Fox River and Chain of Lakes 
from the Illinois-Wisconsin State line to Algonquin Dam. They found the present state of 
recreational boating had adverse impacts on the study area. It was determined that increased 
boating pressure associated with new construction of piers and launch ramps should be 
minimized. This EIS evaluated the potential of three Corps permitting alternatives and a dozen 
non-Corps management alternatives to reduce environmental impacts of boating while 
minimizing adverse social or economic impacts. Based on the study findings, agency input, and 
public input, the Chicago District has developed a no-net-gain permitting policy for the area. 
    This report includes: (1) the monitoring results for water quality, sediment quality, boat usage, 
and weather studies undertaken in the Fox Chain of Lakes area, (2) the results of a shoreline soil 
erosion characterization study, (3) the Chain of Lakes - Fox River Special Area Management 
Plan (SAMP), (4) historical perspectives on the Fox Chain of Lakes area (Recreation and 
Changing Environment on the Fox Chain of Lakes 1875-1992), and (5) streamflow data.  
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Keywords: Impact Analysis, Water Quality, Sediment Quality 
 
White, W. P. 1985. Considerations for a Feasibility Study and Initial Soil/Sediment Cores of a 
Proposed Impoundment Structure at Chain O' Lakes State Park. Prepared by the Illinois 
Department of Conservation, Division of Forest Resources and Natural Heritage.  
Springfield, IL. 
    The author conducted a field study of a site, to the west of the Fox River in Chain O' Lakes 
State Park, where the construction of a water-level control impoundment structure is being 
proposed. The author reviewed pertinent literature, examined aerial photographs and topographic 
maps of the area, conducted a field investigation and collected core data, interpreted the 
information, and offered recommendations. Ten soil/sediment cores were collected in February 
1985 in a marshy area just west of the Fox River. A geomorphological description of each 
sediment core offered information concerning site stratigraphy and material variability and 
assemblage. 
Keywords: Sediment Quality 
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Appendix B: 
 

Depth-Area and Depth-Storage Relationships 
for Various Lakes in the Chain 

[after Bhowmik (see Kothandaraman et al., 1977) 
and Kay et al. (2000) for Channel Lake and Lake Catherine]
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[after Kay et al. (2000)]
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Appendix C: 
 

Lake Cross-Sectional Plots 
[after Bhowmik (see Kothandaraman et al., 1977)] 
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Line 33-34  (Lake Marie)
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Line 36-37  (Channel Lake)
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Line 40-41  (Lake Catherine)
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Line 25-26  (Bluff Lake)
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Line 23-24  (Petite Lake)
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Line 10-11  (Nippersink Lake)
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Line 8-9  (Pistakee Lake)
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Appendix D: 
 

Lake Circulation Data 
Collected by Bhowmik 

(see Kothandaraman et al., 1977)
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Appendix E: 
 

Sediment Management Alternatives 
for the Fox Chain of Lakes 

Recommended by the Fox Waterway Authority 
(Personal Communication, 2001) 
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Table E-1.  Sediment Management Alternatives Recommended  
by the Fox Waterway Agency  

 
Map Location Number  

Project Location 
 

Proposed Work 
 

1 
 

Fox River North of  
the Chain O' Lakes - east of 

Gander Mountain 

 
Side-Channel Diversions: The concept is to 
divert the river into side-channel detention 
areas where sediment can be naturally 
deposited during high flow (see Site No. 
L22 in Kudrna & Associates, 1988). 

 
2 

 
Western side of Fox River; 
Northern border of Chain O' 
Lakes State Park - Quarry 

 
Mechanical Diversion: The Fox River will 
be mechanically diverted into existing 
quarries to provide for flood control during 
rain events. 

 
3 

 
Grass Lake Marsh along western 

edge of the Fox River as it 
travels through Chain O' Lakes 

State Park 

 
Spray Dredging:  After the Chain O' Lakes 
State Park completes its annual controlled 
cattail burn, the FWA will spray nutrient-
enriched dredged material in this area out 
to about 350 ft. and to a depth of 1 to 1½ 
inches.  

 
4 

 
North End of Grass Lake 

 
In-Lake Storage:  This shallow bay could 
be enclosed with sediment-filled geotubes 
as per Cochran & Wilken (2001) and also 
see Site No. L12a in Kudrna & Associates 
(1988). 

 
5 

 
Upland areas near 

Grass Lake 

 
Sediment Drying Sites: Sediment dredged 
from Grass Lake will be transported to 
upland areas for storage. 

 
6 

 
Grass Lake 

 
Island Construction: Create chevron-
shaped islands in Grass Lake with dredged 
materials taken from eastern shore. The 
chevron shape will reduce wind fetch; this 
will also help to stabilize the eastern 
shoreline of Grass Lake. 

 
7 

 
Grass Island in Grass Lake 

 
Island Restoration:  This is the on-going 
work to restore Grass Island using 
sediment-filled geotubes. 

 
8 

 
North End of Bluff Lake 

 
In-Lake Storage: Enclose the bay with 
sediment-filled geotubes. 

 
9 

 
Proposed L-10 Site 

 
Staging Area:  Located in a marshy area 
just west of Grass Lake Road in Antioch; 
this site is a proposed staging area for on-
going dredging operations in Grass Lake 
(see Site No. L10 in Kudrna & Associates, 
1988). 
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Table E-1.  (Continued) 
 
Map Location Number  

Project Location 
 

Proposed Work 
 

10 
 

Ackerman Island 
 
Bank Stabilization: Stabilize the NW 
corner of Ackerman Island because of 
failing due to erosion. 

 
11 

 
Ackerman Island & Channel 

 
In-Lake Storage:  Expand Ackerman Island 
using sediment-filled geotubes and fill in 
channel (see Site No. L5 in Kudrna & 
Associates, 1988). 

 
12 

 
Columbia Bay 

 
Dredging:  This bay has become very 
shallow in recent years - dredging will 
restore depth to this area. 

 
13 

 
NW shoreline of 
 Nippersink Lake 

 
Shoreline Stabilization:  Stabilize the 
eroding shoreline in this area. 

 
14 

 
Nippersink Lake 

 
Restore Wetlands: Geotubes filled with 
dredged sediment from Nippersink Lake 
will be used to reconstruct 56 acres of 
wetlands lost to erosion on the SW quarter 
of the lake. 

 
15 

 
Island at Route 12 Bridge - 

Nippersink Lake 

 
Island Expansion:  Northern expansion of 
the island will be done using dredged 
sediment from Nippersink Lake. Future 
proposed uses for this island include public 
and handicap access, handicap fishing, and 
bike paths (see Site No. L3a in Kudrna & 
Associates, 1988). 

 
16 

 
Northern Island  
in Pistakee Lake 

 
Island Restoration/In-Lake Storage: This 
island will be restored using sediment-
filled geotubes and expanding to the south; 
this will also provide in-lake storage for 
sediment dredged from Pistakee Lake (see 
Site No. L3b in Kudrna & Associates, 
1988).  

 
17 

 
South Shoreline 
 of Pape Island, 
Pistakee Lake 

 
Shoreline Stabilization: About 2,100 ft. of 
eroding shoreline in this area will be 
stabilized.   

 
18 

 
Trinski's Island, 
Pistakee Lake 

 
Island Restoration/In-Lake Storage: 
Restoration of this island using sediment-
filled geotubes; this will also provide in-
lake storage of sediment dredged from 
Pistakee Lake. 
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Table E-1.  (Continued) 
 
Map Location Number  

Project Location 
 

Proposed Work 
 

19 
 

Fox Lake 
 
In-Lake Storage: Expand the marshy area 
on the South shoreline by filling with 
dredged sediment. 

 
20 

 
Brodie Island, 

Fox Lake 

 
Island Restoration/In-Lake Storage: 
Restore Brodie Island using sediment-filled 
geotubes. 

 
21 

 
Eagle Point, 

Pistakee Lake 

 
Shoreline Stabilization:  The eroding 
northern shoreline will be stabilized. 

 
22 

 
Fox River @ Johnsburg 

 
Seawalls:  Both sides of the Fox R. will be 
steel-sheeted to act as a wave break. 

 
23 

 

 
Marshy Point south  

of Meyer's Bay, 
Pistakee Lake  

 
In-Lake Storage:  Increase the wetland area 
northward by filling with dredged sediment 
from Pistakee Lake. 

 
24 

(off map) 

 
Nippersink Creek near Route 12 

Bridge 

 
Bank Stabilization: This project is being 
conducted by McHenry County SWCD as 
part of the Nippersink Creek Watershed 
Plan;  stabilization of the streambank is 
being done near the Route 12 bridge. 

 
25 

(off map) 

 
Mouth of Dutch Creek to Fox 

River 
 

 
In-Lake Storage:  Fill in and expand the 
SW area of the point to serve as a storage 
area for dredged sediment. 

 
26 

(off map) 

 
William G. Stratton 

Lock and Dam 

 
Public Facilities:  Build facilities for 
public use. 

 
27 

(off map) 

 
Gravel Pits South of Moraine 

Hills State Park 

 
Sediment Storage:  These areas could be 
used to store dredged sediment. 

 
28 

(off map) 

 
R-15 & R-16 Sites 

 
Sediment Drying Site and Staging Area:  
R-15 is located near Porten Road and is to 
be used as a sediment drying site; R-16 is 
located in Holiday Hills and is to be 
developed into a staging area for Lower 
Fox R. dredging operations (see Site Nos. 
R15 & R16 in Kudrna & Associates, 
1988). 
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Table E-1.  (Concluded) 
 
Map Location Number  

Project Location 
 

Proposed Work 
 

29 
(off map) 

 
Gravel Pit Located North of Nish 

Road in  
Burton's Bridge 

 
Sediment Storage:  This area could be used 
to store dredged sediment. 

 
30 

(off map) 

 
Renegade Point, Fox River 

 
Bank Stabilization & Sediment Storage:  
The northern bank of the Fox River on 
Renegade Point will be stabilized. In 
addition, the bay will be used to store 
dredged sediment (see Site No. R2b in 
Kudrna & Associates, 1988). 

 
31 

(off map) 

 
Rookery, 

Fox River Recreation Area 

 
Bank Stabilization:  The northern bank of 
the Fox River will be stabilized in this area. 

 
32 

(off map) 

 
Port Barrington, 

River Mile 92 to 91 

 
Bank Stabilization:  This is a problem area 
for erosion. The southern bank of the Fox 
River will be stabilized in this entire area. 
This work is being done by the McHenry 
County SWCD. 

 
33 

(off map) 

 
Southern Bay on the  
Fox River between  

River Mile 91 and 90 

 
Sediment Storage:  This bay will be used 
for storing dredged sediment. 

 
34 

(off map) 

 
Old Oxbow North  
of River Mile 87 

 
Dredging Work Site and Public Facility:  
This area will be used for  load-out during 
dredging operations. Also, a facility for 
public use will be constructed (see Site No. 
R7 in Kudrna & Associates, 1988).  
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