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ABSTRACT 

Virtually every functioning port. harbor 
and waterway in the United States has to be 
dredged periodically in order to facilitate the con
tinuance of maritime commercial. leisure. and 
milit:aIy traffic. It is a necessity that periodic and 
precise calculations of sedimentation rates be 
done in these water bodies with the objective of 
correctly assessing dredging needs. 

Annual sedimentation rates were calculat
ed for Kewaunee Harbor. Wisconsin over the peri 
od from 1981 through 1986. The study area was 
divided into six "zones" with the objective of 
determining spatial and temporal variations in 
the area. Time periods were categorized into 
either natural (N) or immediate post-dredge (IPD). 
It was found that: (a) sedimentation rates in the 
Kewaunee Harbor were higher in the study area 
during May 1984 - May 1985 than any other peri 
od; (b) the highest rates occurred in the inner 
harbor. while the lowest rates were found in dose 
proximity to Lake Michigan; and (c) that agitation 
dredging is a continuously occurring geomorpho
logical process particularly in active. swift-flowing 
channels. The roles of several factors in.fluencing 
sedimentation rates are also discussed. 

Introduction 

The United States. as well as other indus
trialized and developing economies. engage in 
shipping activities which are crucial to competi
tiveness and economic survival in today's global 
economy. Virtually every functioning port. harbor 
and waterway in the United States must be 
dredged periodically in order to facilitate the con
tinuation of maritime commercial. leisure and 
military traffic. Obviously. the depth of these 
waterways must be correctly determined so that 
dredging requirements are accurately assessed. 
In addition to using such techniques as echo 
sounding to determine depth. knowledge of both 
short and long-term sedimentation rates could be 
utilized towards ascertaining depth of channel 
and volumes of sediment accumulation. 

The Study Area 

The town and harbor of Kewaunee is 
located on the western shoreline of Lake Michigan 
at the estuary of the Kewaunee River. approxi
mately 135 miles (217 km) north of Milwaukee 
and 22 miles (35 km) east of Green Bay (Figure 
1). The city has a shoreline of 2.3 miles (3.7 km) 
almost half of which is zoned for heavy industrtal. 
with the remainder for residential use IOwens. 
1978). With a population of almost 3.000. the 
city of Kewaunee is the county seat and an 
employment and retail center for Kewaunee 
County (Bay Lake Regional Planning Commission. 
1987). 

Geomorphologically. the Kewaunee shore
line has been claSSified by Powers (1958) and 
Hands (1970) as belonging to a low bluff region. 
The western shore of Lake Michigan is dominated 
by Pleistocene glacial till deposits (Gorder. 1975) 
and till depth varies greatly. 

Until very recently. the car ferry. the 
Bad~er. used to operate across Lake Michigan 
between Kewaunee. and Ludington on the eastern 
side of the lake. In order to facilitate maritime 
traffic. periodic dredging of the Kewaunee Harbor 
was necessary due to continuous sedimentation. 
The harbor was dredged in 1969. 1982. 1983. 
1984 (U.S. Army Corps of Engineers. 1988) and 
again in 1989 (Mundelius. 1990). 

Sedimentation rates in the Great Lakes 

Sedimentation rates in the Great Lakes. 
particularly for those sediments which are toxic 
or pollutant-bearing. have been investigated in 
several studies. Sedimentation rates in Lake 
Ontario range from 3.0 mm/yr to a maximum of 
22.0 mm/yr (Kemp and Harper. 1976), while the 
figures for Lake Superior range from 1.0 mm/yr 
to 20.0 mm/yr (Kemp et. al .. 1978). Robbins and 
Edgington (1975) found that sedimentation rates 
were low during historiC lake levels. and that 
rates in Lake Michigan -- 0.88 mm/yr have been 
steady over the past 700 years. a finding support
ed by Rea et. al. (1980). 
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Figure 1. The Location of Kewaunee. 
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Objectives and Methodology 

The study was conducted to determine 
sedimentation rates over four one-year periods 
prior to and immediately after dredging. and to 
calculate the volume of sediment which accumu
lated in the Kewaunee Harbor. Hydrographic 
charts showing soundings at discreet locations at 
different times of the year were used to determine 
spatial and temporal variations along profiles in 
various "zones". The differences in depth at each 
discreet location (only a few feet apart) over spe
cific time periods were calculated along a "pro
file". each of which was assigned a length and 
width. Sedimentation volumes were found by 
multiplying the surface area of each "profile" by 
the difference in depth (sedimentation rate) of any 
two given time periods. 

Oata availability permitted the classifica
tion of only four one-year periods: (a) June 1981
June 1982. (b) September 1982-September 1983. 
(c) Mid~May 1984 - Mid-May 1985 and (d) Mid
May 1985 - Mid-May 1986. 1\vo of those periods 
(b) and (c) are termed "IPO" which is immediate 
post-dredge (for example. dredging operations 
were performed in the harbor in August 1982~. 
while (a) and (d) were pre-dredged periods (there 
was no dredging during June 1981 - June 1982. 
for example). The pre-dredged periods will be 
referred to as "Natural" throughout this paper. 

The study area was divided in six wnes 
(Figure 2), starting from the area closest to Lake 
Michigan. 

Discussion of Findings 

The following findings were the most 
salient in this study: 

(a) Maximum sedimentation rates occurred in 
the inner harbor (Table 1) in Zones C and 0 
(Figure 2). This was expected because these 
wnes are the ones closest to the estuary of the 
Kewaunee River and. naturally. would be (sites) 
where the river was most likely to deposit a large 
volume of its load. 

(b) Sedimentation in all "zones" was greatest 
during May 1984-May 1985 than during other 
periods. The reasons for this phenomenon are 
not clear. but some factors including lake level. 
amount of preCipitation in the river basin. the 
type of till. stream discharge and the amount of 
long-distance sediment load should be taken into 
account when explaining the accumulation of 
sediments. These factors are closely interrelated. 
The last-mentioned. for example. is primarily a 
function of vegetation cover and land use in the 
drainage basin. Soil erosion is expected to be 
high in drainage basins which are subject to 
intense agricultural use. Unprotected topsoils 
are easily removed by rain or snowmelt and sub
sequently transported into adjacent streams. 
Pleistocene glacial tills are the most variable of all 
sediments (Karrow. 1976; May and Oreimanis. 
1976; Milligan. 1976). Tills have been classified 
into several "types". according to the relative per
centages of sand. clay. and other material they 
contain. The type of till found in Kewaunee 

Table 1 

8/81-8/82 9/82-9/83 5/84-5/85 5/85-5/86 ·Mean 
(Natural) (IDP) (IDP) (Natural) 

Zone A +63 +153 +110 +246 +143 

Zone B +68 +177 +237 -32 +113 

ZoneC +763 +19 N.A. +226 +336 

Zone 0 +385 +476 +605 -125 +335 

Zone E -80 +350 N.A. +64 +113 

Zone F +365 -278 N.A. +185 +91 

··Mean +261 +150 +317 +94 

Table 1. Annual sedimentation rates (mm) for the six zones of Kewaunee Harbor 
·Mean of each zone over four time periods. 

··Mean of all zones for one time period. 
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Figure 2. The six harbor and channel sedlmentatJon zones In the study area. Zone A - the wider 
outer channel. Zone B - the narrow outer channel. Zone C - the Inner harbor # 1. Zone 0 - the Inner 
channel. Zone E - the inner harbor #2. Zone F - the Inner harbor #3. 
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County contains a high percentage of friable and 
easily erodable clay. Several investigators (Davis 
et. ~., 1973; Quigley and Tutt, 1968; and Gray 
and Wilkinson, 1979) established relationships 
between till "type" and erosion rates along the 
shoreline of Lake Michigan. It is suggested by 
this investigator that high erosion rates in the 
Kewaunee basin are largely due to till "type" 
which indirectly affects sedimentation rates in the 
harbor. The friability and easy erodabilty of this 
till "type" also helps to explain rapid clifT reces
sion along the Kewaunee shoreline (Ramraj. 
1990). Much of the material which enters the 
Kewaunee Harbor originates from a municipal 
landfill a few miles upstream from the Kewaunee 
River (Mundelius. 1989). It is possible that annu
al variations in the volume of mateIial dumped in 
the landfill could possibly explain. at least par
tially. annual variations in sediment volumes and 
accumulation in the Kewaunee Harbor. 

Is there a relation between lake levels and 
sedimentation rates? An analysis of the data 
does not support a claim for any such possible 
relationship. Generally, water level on Lake 
Michigan is about one and a half feet higher in 
summer than in winter (U.S. Army Corps of 
Engineers. 1989). Discharge of the Kewaunee 
River (Table 2) is highest during the months of 
November through March. and the highest dis
charges occur from April to September (Holstrom 
et. _al., 1983; 1986). 

There is no apparent relationship between 
lake level and discharge data. An analysis of 
Table 2 reveals that the Kewaunee River dis
charge was highest in 1986 (this was the highest 
in 20 years (Holstrom et. al.. 1986)); duIing the 
same year lake levels were at their highest during 
modern times (U.S. Army Corps of Engineers. 
1987). Although lake levels were high in 1982 
(U .S. Army Corps of Engineers, 1983) Kewaunee 
River discharges were low during that year. 

(c) The smallest temporal vaIiations in sedi
mentation rates occurred in "Zone" A. the one 
that is nearest to Lake Michigan. and therefore, 
closest to natural lacustrine conditions. 

(d) Agitation dredging (the process whereby 
sediments along the sides and bottom of a chan
nel are eroded and transported elsewhere by rela
tively fast-moving channel currents} is an on
going process in "Zone" B. This is an active chan
nel; bottom sediments were resuspended when 
the ferry left or entered the harbor and the resus
pended material was subsequently transported 
lakeward . Agitation dredging. therefore. accounts 
for lower sedimentation rates in active channels. 
As a matter of fact. the channel was deepened in 
"Zone" B during May 1985-May 1986. 

Volumes of sediment accumulated 

Although it is not the primary pm"pose of 
this paper to discuss areal differences of volumes 
of sediment accumulation in the Kewaunee 
Harbor. it is worthwhile to state that over 28,000 
cubic yards of sediment accumulates annually in 
the Kewaunee Harbor and in the channel leading 
to the harbor. 

As Table 3 shows. Zones A and B - the 
channels - have the highest volumes of sediment 
accumulation. These relatively high values are 
explained by the fact that Zone A is the largest in 
areal extent. and Zone B expeIiences relatively 
high sedimentation rates. Consequently. figures 
which indicate accumulation in the channels 
(which are the zones most intensively used by 
deepest-draft vessels) would be more useful in 
determining dredging needs than figures repre
senting volumes accumulated at the mouth of the 
river where deep-draft vessels usage is nonexis
tent. 

Table 3 
Table 2 

Zone Annual accumulation 
Annual Daily 

Discharge Mean March April May A 8.500 cu. yds. 
B 8.900 cu. yds. 

1986 56.600 176 17.500 1.100 C 3.700 cu. yds. 
1985 53.300 149 14.600 915 D 3.700 cu. yds. 
1984 32.100 88 3.600 915 E 3.000 cu. yds. 
1983 39,600 109 8.924 693 F 200 cu. yds. 
1982 29.200 80 9,466 
1981 18.200 50 409 Total 28,000 cu. yds. 
1980 18,700 51 422 

Table 2: Selected discharge volumes at Kewaunee Table 3: Annual Volumes of sediment accumula

(cubic feet per second) Source: Holstrom et.al.. tion in the Kewaunee Harbor. 

(1983; 1986) . 
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Conclusion 

Sedimentation rates in harbors on Lake 
Michigan are a function of several factors operat
ing synergistically; human activities. both in the 
stream basin and along the coast, are probably 
the greatest contributors; agricultural practices 
and deforestation increase the discharge of water 
and sediment into the harbor; and stream dis
charge. which is determined principally by pre
Cipitation. percolation. and evaporation in the 
stream basin. The role of fluctuating lake levels 
in influencing sedimentation rates could not be 
determined. 

Annual sedimentation rates and volumes 
of accumulated sediment were calculated over a 
relatively short period for Kewaunee harbor. The 
study area was subdivided into several zones 
because conditions (water depth. current speed. 
vessel usage. agitation dredging. proximity to 
Lake Michigan. and proximity to the Kewaunee 
River estuary. for example) were not homoge
neous over the entire area. Spatial and temporal 
variations in rates were evident. Sedimentation 
rates were highest during the period May 1984
May 1985 than any other period. a phenomenon 
which could possibly be explained by such factors 
as annual variations in the volumes of material 
dumped in the landfill upstream from the 
Kewaunee River. the intensity of agricultural 
activity in the Kewaunee River basin. and precipi
tation volumes. Maximum rates occurred in the 
inner harbor which is located at the estuary of 
the Kewaunee River. The lowest rates over time 
and space were found at sites in close proximity 
to Lake Michigan. a phenomenon attributable to 
the presence of natura} lacustrine conditions at 
these locations. Sedimentation rates in the active 
channel indicate that agitation dredging is an 
important on-going geomorphological process 
which minimizes the need for regular dredging 
and the removal of voluminous loads from active 
channels. 
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