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SYNOPSIS 

Appendix 18, Erosion and Sedimentation, 
surveys the phenomena of erosion and 
sedimentation processes as they occur in the 
Great Lakes Region. Local mean rates of ero
sion from various sources (sheet erosion, 
channel erosion, bank erosion, and urban con
struction) are quantified. Resulting rates of 
sedimentation and other damages are 
explored. 

A major aspect of this study is the presenta
tion of future trends in erosion and sedimen
tation rates. These rates, based upon 
economic projections of land needs for crop 
production and urban expansion, are pre-

V 

sented by Basin planning subarea. Future 
needed amounts of erosion control measures 
on rural lands are analyzed, and the acres of 
U:rbahizing land needing erosion protection 
are presented. 

Limitations of existing,programs to reduce 
erosion and sedimentation to levels accepta- . 
hie for future needs are surveyed. Alternative 
methods and procedures are discussed, and 
general recommendations for future action 
are expressed. The physical characteristics of 
the various planning subareas in the Basin, as 
they relate to effects on erosion and sedimen
tation rates, are defined. 



FOREWORD.: . . 

This study began during fiscal year 1968. All 
eight States with land lying within the Great 
Lakes Basin and those nine Federal agencies 
at that time active in water resource develop
ment were invited to participate in the study. 

A work group on erosion and sedimentation 
was established with the chairmanship given 
to the U.S. Soil Conservation Service. The 
work group included: 

James R. Thompson, (work group chairman) 
Soil Conservation Service, U.S. Department of 
Agriculture, Michigan 

Robert Adams, Department of Highways, 
State of Michigan 

vi 

Russell Hill, Department. of· Agriculture, 
State of Michigan 

John Kennaugh, Michigan Grand River 
Council 

Richard Kerr, Forest Service, U.S. Depart
ment of Agriculture 

Donald McCormack, Soil Conservation.Ser
vice, U.S. Department of Agriculture, Ohio 

Stanley Quackenbush,, Department of Ag
riculture, State of Michigan 

Alexander Ritchie, Department of Natural 
Resources, State of Ohio 

William Walsh, Department of Natural Re
sources, State of Michigan 
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INTRODUCTION 

The objectives of this work group, as stated 
in the Plan of Study, were "to collect data on 
erosion and sedimentation .and to define the 
nature, intensity;: and tvends of these prob, 
lems within the planning subareas of the 
Basin and consider alternative solutions to 
these problems and recommend those most 
desirable." 

The method of investigation and analysis 

xv 

involved gathering factual data and other in° 
formation of both a quantitative and qualita
tive nature. Analytical techniques were 
applied to these data in order to express prob
lems in the desired way. Conclusions about the 
nature and extent of problems, suggested so, 
lutions, and alternatives were the product of 
reasoned thought based upon experience and 
logical deduction. 



Section 1 

TRENDS IN EROSION RATES AND LAND TREATMENT NEEDS 

1.1 Current Gross Erosion Rates 

Sections 2, 3, arid 4 define the intensity of 
erosion problems and problems with sediment 
production as they exist at present. These 
conditions are the basis for future trends in 
1980, 2000, and 2020. This section presents the 
computed rates of erosion in these target 
years. They are based upon projected changes 
in cropland distribution, land use changes, 
and in levels of land management and 
technology. 

Projections of cropland changes and shifts 
in land use have been made by the economists 
on a planning subarea basis. Current erosion 
.and sedimentation rates have been computed 
and are presented by counties and by the use 
of isograms in Sections 2 and 3. The projected 
trends in erosion and sedimentation rates 
presented in this section are for planning sub
areas and involve the individual counties. The 
planning subareas, which contain an average 
of a dozen counties each, tend to reflect re
gional trends. They provide a more reliable 
base than would projections made by indi
vidual counties. 

The gross erosion rates for the 15 planning 
subareas were computed on a weighted basis. 
These weighted average annual gross erosion 
rates were applied to the vari.ous acreage val
ues for the planning subareas to determine 
total erosion in the areas. The total computed 
gross erosion in the approximately 190 coun
ties included in the 15 planning subareas is 
more than 165 million tons annually, occur
ring on 83.5 million acres of land. This is a 
mean average of the approximately 2.0 tons 
from each acre of land in the Basin. Table 18-1 
is a summary of mean annual gross erosion 
rates and total tons by planning subareas in 
the Basin under the cropping and land use 
condition in the late 1960s. 

The data on Table 18-1 were assembled for 
the planning subareas using rates of erosion 
from various sources as shown on Table 18-2. 
Planning Subarea 2.3 is used as an example. 
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TABLE 18-1 Summary of Mean Annual 
Gross Erosion Rates and Total Tons of Erosion 

Computed Acres in 
Gross Planning Total 

Planning Erosion Sub area Tons 
Subarea Rate1 (Thous ands) (Thousands) 

1.1 0.33 9,473 3,126 
1. 2 0. 24 6,442 1,546 

2.1 1.55 10,011 15,517 
2.2 5. 40 5,212 28,144 
2. 3 3.99 8,955 35,730 
2.4 a. 76 8,094 6,151 

3.1 0. 42 4,018 1,687 
3.2 1.86 4,424 8,229 

4.1 2.66 3,980 13,008 
4.2 4.65 6,319 29,383 
4. 3 1.97 2,309 4,549 
4.4 1.13 3,070 3,469 

5. I 1.56 2,459 3,836 
5.2 1. 84 5,427 9,986 
5.3 o. 74 3,385 2 505 

2.00
2 

83,578 166,866 

1
Tons/ Acre/Year 

2
Weighted Mean 

TABLE 18-2 Gross Erosion for Planning 
Subarea 2.3-Current (1970) 

Erosion Total 
Acres Rate Tons 

Eros ion Source (1000) (T/ac/yr) (1000) 

Rural Ag. & Non-Ag. 6429.0 5.33 34,276 
Forest Land 1705.0 0.17 293 
Built-up Urban 818.0 0.25 205 
Urban Construction 3.3 bl 526 
Other Sources2 430 

Total Land Area 8955.0 3.99+ 35,730 

1
variable rate with individual urban complex 
(from Section 6) 

2
rnclude-s:·streambank, roadside, and gully erosion 
(see Section 3) 
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l.2 Projected Erosion Rates 

The projected gross erosion rates were es
timated by adjusting the future C values in 
conformance with the projected cropland and 
other land use shift for 1980, 2000 and 2020. 
(The C values are the cover factor used in the 
universal soil loss equation as described in 
Section 4, Sheet Erosion Rates.) 

Since the universal s,oil loss equation is a 
linear eqtiation, an adjusted sheet erosion 
rate computation is directly proportional to 
the change in the C value if all of the other 
factors remain constant. It was on this basis 
that projected sheet erosion rates were com
puted. The values for erosion from urban con
struction are taken from data developed in 
Section 6, Urban Erosion. The projected 
changes in cropland, land use, and levels of 
urban construction for target year 1980 are 
shown on Table 18-13 for Planning Subarea 
2.3. The summary of gross erosion is also 
shown. 

TABLE 18-3 Gross Erosion for Planning 
Subarea 2.3-Target Year 1980 

Erosion Total 
Acres Rate Tons 

Erosion Source (1000) (T/ac/yr) (1000) 

Rural Ag. & Non-Ag. 6,345 5.37 34,114 
Forest Land 1,643 0.17 286 

Built-up Urban 923 0.25 231 
Urban Construction 44 597 
Other Sources 450 

Total Land Area 8,955 3.99- 35,718 

It is interesting to note that there is an in
significant change in the projected gross ero
sion rate for Planning Subarea 2.3 between 
the late 1960s and 1980. The backup.data for 
this projection show more shift than this re
sult would indicate. There is a slight decrease 
in projected row crops .but a sizeable increase 
in small grain, from 10 percent oft he planning 
su bare a to nearly 11.5 percent. This accounts 
for th~ increase in the mean erosion rate for 
the rural agricultural land. The increase in 
acreage of urban built-up area, where erosion 
rates are lower, counteracts this increase. The 
net result is an insignificant change in gross 
erosion for Planning Su barea 2.3. 

This phenomenon works in different ways in 
the various planning· subareas, and the 
changes in the gross erosion rates reflect the 
combinations of changes forecast by the 
economic· projections. The percent changes
range from minus 16.9 percent to plus 3. 7 per-

cent in the gros's,erosion rate's. The large de• 
crease in Planning Su bare a 2.4 is due to a pro
jected sizeable decrease in row and small 
grain acreage by the year 1980. The 3. 7 per
cent increase in gross- erosion in Planning 
Su bare a 4.2 is due to a large projected increase 
in row crops on the lake plain soils in this area. 
The 10.4 -percent. decrease in gross erosion in 
Planning Subarea 2.2 is due to a projected in
crease in the acreage of urban built-up land 
around the Chicago and Milwaukee metropoJi'. 
tan complexes. In the Cleveland area, Plan
ning Subarea 4.3, the 14.2 percent decrease in 
gross erosion by 1980 is due to a sharp drop in 
projected row crop acreage and a sizeable in' 
crease in urban built-up area. 

Table 18--4 summarizes the present and the 
projected mean gross erosion rates for the 
planning subareas in the Great Lakes Region 
by target years. 

The projected gross erosion rates for target 
year 2000 show a continuing downward trend 
for most of the planning subareas in the Basin. 
The exceptions are Planning Subareas 2.3, 3.2, 
and 4.2 where the projected demands for row 
crops either remain steady or show-an upturn. 

Economic projections show a sharp upturn 

TABLE 18-4 Summary of Gross Erosion by 
Target Year 

Gross Erosion 
Planning, (tons/acre/year} 
Subarea Current 1980 2000 2020 

1.1 0.33 0.34 0.32 0.32 
1.2 0.24 0.23 0.22 0.22 

2.1 1.55 1.45 1.27 1.51 
2.2 5.40 4.84 4.05 3.44 
2.3 3.99 3.99 3.93 4.n 
2.4 0.76 0.62 o.52 0.64 

3.1 0.42 0.41 0.36 0.36 
3.2 1.86 1.88 2.30 2.55 

4.1 2.66 2.53 2.21 2 .. 46 
4.2 4-65 4.82' 4.98 5.23 
4.3 1.97 1.69 1.72 1.88 
4.4 1.13 1.02 o. 77 (). 78 

5.1 1.56 1.35 1.28 1.28 
5.2 1.84 1.58 Lll 1.30 
5.3 o. 74 o.,64 0.60 0.60 

(weighted 
mean} 2_00 1.88 1.78 1.92 
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in· the demand. for row crops by 2000. The de
mand in Planning Subarea 2.3 will rapidly in
crease and will be approximately 33 percent 
greater in 2020· than in 2000 .. The-demand for 
row crops in Planning Subarea .3.2 will in
crease rapidly, and will be approximately 40 
percent greater in 2020 than at present .. The 
demand for row crops. increases steadily from 
1970 to 2020in Planning Su bare a 4.2. The total 
increase will amount to 25 percent during this 
50 year period. This amounts to a sizeable 
acreagi, increase in rc:>w crQJ!S for Planning 
Subarea 4.2, in which approximately 45 per
cent of the land is cultivated to row crops at 
the present time. 

The effects of urbanization are quite evi
dent in some of the planning subareas. The 
effect of the massive urbanization that is pro
jected for the Chicago and Milwaukee met
ropolitan areas is evidenced by the reverse 
trend in the gross erosion rates for Planning 
Subarea 2.2 from the present to year 2020. 
Row crops will decrease by 20 percent in this 
period, but the amount of .land in urban 
build-up wHI increase 140 percent. The lower
ing effect that urbanization has on gross ero
sion rates is also evident in the other planning 
subareas where large metropolitan areas 
exist. 

1.3 The Effect of Conservation Practices ou 
Erosion Rates 

In talking about erosion rates the question 
immecliately arises as to what role conserva
tion practices have had on the erosion rates 
computed for the planning subareas in the 
Great Lakes Basin. The discussion that fol
lows should put present and future conserva
tion practices into perspective as to need and 
effectiveness. 

The gross erosion rates. in this chapter in
clude sources of erosion from agricultural 
lan·d, urban erosion, and miscellaneous 
sources such as streambankand roadside ero
sion. The great bulk of the erosion comes from 
agricultural and other rural land in the vari
ous planning subareas. This is true for the 
planning subareas in the northern Lake areas 
where. timber, swamp, and brush land are pre
dominant, and in planning subareas where an 
extensive agriculture exists. However, the 
so.urce of urban erosion is very sizeable in .the 
planning subareas with farge urban areas. 
Erosion from agricultural. and 'other· rural 
land sources accounts for 75 percent ormore of 
all sources and 90 percent or more of many 
planning subareas. For this reason; the dis-
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cussion that follows refers to agricultural and 
other rural land erosion rates. 

Conservation practices are applied to land 
for a variety of purposes: erosion control, 
maintaining fertility levels, maintaining tilth 
and soil workability characteristics, maintain
ing and improving air and moisture relation
ships in the soil, and many others. Erosion 
control is an important and a widely used 
component of these practices .. Practices com
monly used for erosion control are: 

(1)_ conserv11tion crnpping systllms includ, 
ingresidue management and minimum tillage 

(2) contour farming systems including 
• strip cropping on the contour or field strips 
oriented across the slopes 

(3) level or low-gradient terrace systems 
(4) vegetative practices to stabilize 

waterways, channel banks, and other steep, 
bare, or exposed areas 

(5) stabilizing structures 
(6) buffer strips 
The summary of conservation practices 

taken from Appendix 13, Land Use and Man
agernent,3 shows that approximately 950,000 
acres of land have been. treated by contour 
farming, strip cropping, and grassed water
ways. ·In addition, 8.3 million acres have been 
protected by conservation cropping(crop rota
tion) systems. The summary of land acreage 
presented in Appendix 19,Econornic and Dern
ographic Studies, indicates that there are 28.6 
million acres of cropland in the Great Lakes 
Basin. It is very likely that the land treated 
with mechanical erosion control practices also 
has conservation cropping systems as well. 
Thus there are 8.3 million acres of cropland in 
the Basin with a reasonably high degree of 
erosion control protection. 

The erosion control effects from conserva
tion cropping systems (or crop rotations) have 
been discounted in the erosion values shown 
in this section and in those shown in Section 4, 
Sheet Erosion Rates. The reason thes.e effects 
are integrated into the figures is that the dis
tribution of cover provided by the cropping 
rotations was used in the computation of the 
shee.t erosion rates. Thus the cover effect, as 
provided by crop rotations, is reflected in the. C 
values used in sheet erosion computations. 

The unaccounted-for erosion control effects 
are those provided by the mechanical prac
tices applied on the above-mentioned 950,000 
acres .. The effectiveness of mechanical control 
practices to reduce erosion rates is described 
in Agricultural Handbook No. 282.16 This effec
tiveness varies with slope steepness and with 
slope length. Generally, contour farming re-
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duces erosion rates on land slopes where it is 
normally used (2 to 12 percent slope), to 0.5 or 
0.6 of the erosion rate without this practice. 
Strip cropping on the contour will reduce ero
sion rates to 0.4 to 0.5 of their rate without this 
practice. Adequately designed terrace sys
tems reduce erosion rate to 0.2 to 0,3 of its 
former value without any mechanical prac
tices. The land in the Great Lakes Basin on 
which mechanical erosion control practices 
have been established include: 

(1) contour farming 
(2) strip cropping 
(3) terracing 
(4) grassed waterways 

394,272 acres 
511,842 acres 

13,000 acres 
32,163 acres 

951,277 acres 

The above 951,277 acres amount to 3.3 per
cent of the 28.6 million acres of cropland in the 
Basin. The weighted effect of these mechani
cal practices may prove values in Table 18-5 to 
be overestimated by several percent in some of 
the planning subareas. 

The adaptability and acceptance of mechan
ical erosion control practices is highly variable 
throughout the Basin, and the number of 
practices already established is also variable. 
Landscape relief characteristics and type of 
farming are important factors. Planning Sub
areas 5.1 and 5.2 have the highest percentages 
of the cropland protected by mechanical prac
tices, 14 percent. Planning Subarea 2.1 has 
approximately 6 percent of the cropland pro
tected. Planning Subarea 2.3 has approxi
mately 2 percent and Planning Subareas 4.2 
and 1.1 have only approximately 0.3 percent of 
the cropland protected by mechanical prac
tices. However, nearly 30 percent of the total 
cropland has protection by the use of conser
vation crop rotations. 

The· mechanical practices that h_ave been es
tablished and have not been discounted in the 
values on Table 18-5 result in a possible over
estimation of erosion rates in Planning Sub
areas 5.1 and 5.2 by as much as five percent. 
The overestimation may be as high as three 
percent in Planning Subarea 2.1, one percent 
in Planning Subarea 2.3, and an insignificant 
amount in Planning Subareas 1.1 and 4.2. The 
other planning subareas may be overesti
mated by a fraction of one percent to a few 
percent. On the average, mechanical erosion 
control practices have reduced the mean av
erage sheet erosion rates in the Great Lakes 
Basin by two percent. 

As mentioned above, the effects of reducing 
erosion rates due to the utilization of crop ro-

tations have been discounted in the values on 
Table 18-5. The crop rotations, which have 
been established on approximately 30 percent 
of the cropland acres in the Basin, have vari
able effects on the reduction of erosion rates. 
However, they have approximately the same 
effectiveness as the mechanical practices for 
controlling erosion. Crop rotations account for 
approximately 10 times as much protection 
from erosion as do supporting mechanical 
practices because they are used on 10 times as 
much land. 

The amount of land protected by crop rota
tions varies considerably between planning 
subareas. The percentage of land protected 
ranges from a few percent to nearly 50 per
cent. Most planning subareas have between 25 
and 40 percent of the cropland protected. An 
analysis of the utilization of conservation ero
sion control practices in the Great Lakes 
Basin indicates that these practices have re
duced erosion rates 20 to 25 percent. 

1.4 Land Treatment Needs and Costs for Ero
sion Control 

The Conservation Needs Inventory (CNI) 
based on the years 1966 through 1967 indi
cates that 16.1 million acres of cropland in the 
Great Lakes Basin lack adequate crop rota
tions to fulfill the goal of ccmserving longtime 
productivity. In adc\ition to crop rotations, the 
inventory indicates the need for 682,000 acres 
of contouring and 2,324,000 acres of strip crop
ping, terracing, and diversions. Th_ree 
hundred sixty-six thousand acres of pasture 
land need protection against erosion. In addi
tion there is a need for 420,000 acres of crop-

' land and 200,000 .. acres of pasture land to be 
retired to less intense use. The inventory also 
indicates the need for nearly four million acres 
of cover crops. Based upon past rates of instal
lation, it is estimated that there is a need for 
an additional 65,000 acres of grass waterways 
and approximately 10,000 grade stabilization 
structures in gullies and other channels. 
These needs are summarized on Table 18-5. 

Table 18-6 gives estimated annual costs to 
establish and maintain the needed mechani
cal and vegetative control practices to control 
erosion on the agricultural land in the Basin. 
These costs•• are based upon $0.20 per acre for 
contouring, $0.50 per acre for strip cropping, 
$2.50 per acre for terraces and diversions, $20 
per acre for grassed waterways, and $5.50 per 
acre to give pasture land protection for ero
sion control. 
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TABLE 18-5 Planning Subarea Distribution of Conservation Needs for Erosion Control (1000 
Acres). 

Strips, Less Intense Land 
Planning Crop Con- Terraces, Use Grass Pasture Cover 
Sub area Rotations touring Divisions Cropland Pasture Waten,;ays Protection Crops 

1.1 171.8 3.2 8.9 3.8 1.0 1.0 12.U 33.0 

1. 2 100. 3 ., 5.8 16.0 2.4 2.1 4.5 13, 7 20.5 

2.1 1,676.4 126.9 740.3 72 .2 14.4 10.2 80.l 121. 0 

2.2 1,784.6 226.0 287.7 66,7 11.2 2.6 24.:, 498.9 

2.3 2,955.1 113.8 383. 7 90. 3 10.6 8.2 50.4 968.2 

2.4 502 .1 2 3·, 6 139.0 33.0 29.5 2.6 37.9 145. 7 

3.1 264.2 4. 1 24.1 5.4 3.6 2.4 19.1 104. 3 

3.2 1,376.7 5.7 87.0 10.8 14.1 2.0 19.8 655.5 

4.1 1,153.3 7.5 17.3 11.2 3.2 1.0 22.7 574. 3 

4.2 3,617.1 49.9 94.0 16.5 1.0 9.0 10.2 411.4 

4.3 394.4 9. 7 42,8 10.0 1.5 6.1 2.6 3., 

4.4 358.0 8.1 62 .1 7.1 12 .1 3.2 8.3 53.4 

5.1 504.2 27.3 112. 7 5.9 5.2 7 .4 9.1 157.8 

5.2 933.6 62.9 297.7 65.4 53.5 4.4 28.l 142. 7 

5. 3 353. 3 ~ 10.7 19.3 36 .0 0.4 27. 9 13. 8 
Total 16,145.1 682.0 2,324.0 420.0 199. 5 65.0 366. 4 3,904.4 

TABLE 18-'-6 Estimated Annual Costs of Needed Conservation Practices for Erosion Control, by 
Planning Subarea (Cost Base 1963) 

~trips, 
Planning· Terraces, Grass Pasture· Stabilization 
Subate.i Contouring and Diversions Waterwa::t:s p·rotection Cover Croes Structures 

1.1 0. 7 5.4 20.0 66 .o 165.0 0.9 
1.2 1.4 9.6 110.0 75 .4 102.5 0.2 
2.1 30.4 444.0 196 .o 440.0 605.0 14.9 
2.2 54.2 173.0 53.6 134 .8 2,494.0 7.3 
2. 3 37 .4 230.0 160.0 277 .2 4,841.0 22. 7 
2.4 5.8 84.0 53.4 208.0 728.5 . 2. 3 
3.1 1.0 14.4 48.0 105.0 521.5 1. 3 
3.2 1.3 52.2 40.1 108.9 3,277.5 47.4 
4.1 1.8 10.4 21.6 124.9 2,871.5 30.0 
4.2 12.0 56.4 177 .6 56.1 2,057.0 18.3 
4.3 2.3 27.6 120.0 14.3 19.5 
4.4 1.9 37 .2 67.2 45.7 267.0 3.0 
5.1 7.4 67';6 144.0 50.0 789.0 1. 3 
5.2 15.1 178.8 87.6 154.6 713.5 0.5 
5.3 1.8 6.5 9.6 153.4 69.0 
Subtotals 174.5 1,397.1 1,308.7 2,014.3 19,521.5 150.1 

Grand Total - 24,566.2 
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Annual costs for establishing and maintain
ing cover crops for erosion control range from 
$3.50 to $8.00 per acre. Costs shown on Table 
18-6 are based upon $5.00 per acre. Grade 
stabilization structures are variable in costs. 
Most range from $300 to $400 and can be amor
tized over a 25-year period. For this analysis a 
figure of $15 per structure per year is used. 

Thus, the total annual cost to install the 
mechanical and vegetative practices needed 
to maintain the longtime productivity of the 
agricultural land in the Basin is approxi
mately 24.6 million dollars. This figure repre
sents the annual cost to install and maintain 
an erosion control conservation job on 32.1 
million acres, 28.6 million acres of cropland 
and 3.5 million acres of pasture. This total does 
not include the nearly five million acres of 
land in the Basin that is nonforested and 
nonagricultural, and on which some treat
ment is needed for erosion control. It likewise 
does not include the estimated 42,000 acres 
that are currently denuded by construction 
activity each year (Section 6). Costs to control 
this urban erosion are unknown. 

Accelerated erosion is occurring in approx
imately 139,000 acres of State, county, and 
private forest land. Improperly performed 
logging activity, grazing, and fires are princi
pal causes. Another erosion source is former 
crop and pasture land reverting to forest on 
which adequate tree and litter cover has not 
developed. The total cost of treating these 
139,000 acres is estimated at $5. 7 million. This 
is the total cost, not annual cost. It is esti
mated that 58,000 acres of this eroding forest 
land will be treated by 2020 at a cost of $2.4 
million. These costs include both technical as
sistance and installation costs. 

The costs and amount of conservation 
treatment for erosion control as discussed 
above are the minimum requirements for ero
sion control. This amount of treatment, par
ticularly that relating to cover crops, may be 
considerably less than that needed to control 
sedimentation rates to levels that may be de
manded in the future. This aspect is discussed 
in Section 12. 

1.5 Future Rates of Application 

Table 18--'7 summarizes projected estimates 
of ongoing rates of application of treatment 
for erosion control made in Appendix 13, Land 
Use and Management.• The rates of applica-

tion of this treatment recommended by this 
work group as an accelerated program are also 
shown. 

TABLE 18-7 Projected Application of Con
servation Practices for Erosion Control (Crop
land and Pasture) 

Planning 
Sub area 

1.1 

1. 2 

2.1 

2. 2 

2.3 

2.4 

_ 3.1 

3.2 

4.1 

4.2 

4.3 

4.4 

5.1 

5. 2 

5.3 

To 
Target 

Year 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

1980 
2000 
2020 

Program (1000 Acres) 
Ongoing Accelerated 

16.4 
49.3 
69.0 

13.3 
36.8 
51.5 

149.3 
448.0 
627. 2 

143.2 
429.5 
601.3 

305.1 
915. 3 

1,281.5 

105. 7 
317.2 
444.0 

28.4 
85.1 

119. 2 

111. 5 
334. 5 
468.3 

92.2 
291.6 
408.2 

115.3 
345. 8 
484.1 

25.7 
77. 2 

108.1 

35.3 
105.9 
148. 3 

57.4 
172. 3 
241.2 

93. 7 
281.2 
393.6 

24.2 
72.6 

101.6 

. 19. 7 
54.2 
75.6 

14.7 
40.4 
56.4 

179.2 
492. 8 
687.0 

171.8 
472. 4 
658.5 

366.1 
1,006.8 
1,403.5 

126.9 
348.9 
486.3 

34.0 
93.7 

130. 5 

133. 8 
368.0 
513.0 

116. 6 
320.7 
447 .0 

138.3 
380.4 
530.2 

30. 9 
84.9 

118.4 

42.4 
116.5 
162.4 

68.9 
189. 5 
264.1 

112.5 
309. 3 
431.1 

29.0 
79. 8 

111.3 



Section 2 

SEDIMENT PRODUCTION RATES AND THEIR TRENDS 

The erosion process on land affects 
downstream water and related resources. 
Runoffwater carries products oJ erosion and 
other solid wastes and deposits this product-as 
sediment. In many situations, this product 
remains suspended in·downstream waters for 
prolonged periods and constitutes a detriment 
to the quality of water. 

2.1 .Nature of the Sedimentation Process 

Sediment is transported as a suspension in 
water and as a bed load movement. These two 
broad forms plays in the transport of sediment 
load and suspended load. There are appar
ently no sharp divisions between the two 
forms'of transport except that bed load moves 
close to the channel bottom (thalweg) and the 
suspended load is dispersedthrough the depth 
and width of the moving water. The physical 
mechanisms of both forms of transport are 
complex, and it is beyond the scope of this ap
pendix to explore their nature. 

Generally, bedload movement involves the 
more coarse-textured, heavy materials that 
require relatively high channel velocities. 
Suspended sediment movement occurs in 
moving water over a much wider range of ve
locities. In both forms of sediment transport, 
depth of flow, velocity of flow, and the nature 
of the material being transported are impor
tant factors in sediment transport rates. 

The quantitative role that each of these two 
broad forms plays in the transport of sediment 
in the Great Lakes Basin is not known. It is 
speculated that the majority of sediment 
transport occurs as suspended sediment. Lo
cally, however, bedload transport is significant 
and must·be recognized in relation to certain 
types of sedimentation damage. However, this 
study is concerned with total quantities of 
transport and the nature and degree ofresult
ing damages and other problems. The modes of 
transportation are of secondary importance. 
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2.2 Measured and Estimated Sediment Yields· 

The-information presented on the maps in 
this section are estimates of total sediment 
yields that result·from all erosion sources and 
by all modes of •.transport. The estimates of 
sediment production are computations of 
gross erosion values plus the application of 
delivery ratios as selected from the curve 
shown in Figure 18-1. This curve, developed 
by John W. Roehl of the U.S. Soil Conservation 
Service,10 is the best available data for es
timating delivery ratios. 

The series of maps in Figures 18-2 through 
18-15 show estimates of sediment production 
at specific locations within the planning sub
areas. The locations marked with an asterisk 
on the small tables on each map are the values 
for sediment production furnished by the U.S. 
Geological Survey from longtime measures at 
these points.' Table 18-8 compares several 
locations in the Great Lakes Basin where 
measured data on longtime average annual 
sediment production are available. Estimates 
of sediment made by using Figure 18,-1 and 
gross erosion computations are also includecl 
in the tables. 

The apparent large discrepancies in the two 
values shown for the Maumee River at Water
ville, Ohio, and the Cuyahoga River at Inde
pendence, Ohio, have two possible explana
tions. The error concerning the Ma'.umee River 
is introduced by extrapolating the curve for 
such a large drainage area. The curve must be 
extrapolated for drainage areas larger than 
400 to 500 square miles (Figure 18-1). The sec
ond dis.crepancy, which concerns the 
Cuyahoga River near Cleveland, is related to 
the inflow of solids to the streams and rivers in 
the.vicinity oflarge metropolitan areas.Use of 
estimates of soil erosion alone in these areas is 
insufficient to explain the quantities of solids 
that appear as sediment load in these waters. 

_ This phenomenon is discussed in Sections 6 
and 8. 
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TABLE 18-8 Comparison ofUSGS Measured 
Data to the Estimating Method (Tons per Year) 

Location 

St. Marys River at 
Fort Wayne, Indiana 

Cass River at 
Frankenmuth, Michigan 

Popple River at 
Fence, Wisconsin 

Maumee River at 
Waterville, Ohio 

Cuyahoga River at 
Independence, Ohio 

Portage River at 
Oak Harbor, Ohio 

Sandusky River at 
Fremont, Ohio 

USGS Measured Estimated 
Data Method 

139,000 115,000 

52,500 49,900 

860 1,500 

1,179,000 480,000 

200,456 62,000 

89,000 66,000 

226,000 145,000 

2.3 Regional Sediment Production Maps 

Computed sediment yields and some mea
sured yields are shown for specific locations on 
Figures 18-2 through 18-15. Figures 18-16c
through 18-30c are Basinwide maps showing 
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sediment production rates on a regional basis. 
These rates are shown by means of isograms, 
or lines of equal value, representing equal sed
iment yields. These lines are based on gross 
erosion values, which will be presented in Sec
tion 3, and delivery ratios taken from the curve 
in .Figure 18-1. 

These maps imply that an average 
watershed of 10 square miles (Figures 18-16c 
to 18-20c), 50 square miles (Figures 18-2lc to 
18-25c), or 100 square miles (Figures 18-26c to 
18-30c) will yield approximately the amount of 
sediment shown by the lines. Values may be 
interpolated by stating the rate in terms such 
as nearly, more than, approximately, less 
than, or between. It is not intended to isolate a 
specific watershed, say a IO-square-mile 
drainage area located in Planning Subarea 
2.3, which lies between the 4000 and 5000 tons 
annual sediment yield line, and interpret the 
sediment yield as perhaps 4600 tons per year. 
The logical interpretation would be the follow
ing: an average IO-square-mile watershed lo
cated near the geometric center of Planning 
Subarea 2.3 will have a sediment production 
rate between 4000 and 5000 tons per year. If 
the location is fairly close to the 4000 ton line, 
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it should be stated as having a sediment yield 
of more than 4000 tons per year, or less than 
4000 tons per year if it is on-the low side of the 
4000 ton line. 

These maps express the degree and inten
sity of sediment production rates on a re
gional, subregional, and zone basis where 
generalized planning data are desirable, but 
detail sufficient for design purposes is not es
sential. Lines of equal sediment production 
reflect geographical changes of soil type, 
slope, and other relief characteristics, crop
ping patterns and other-land use· differences, 
and rainfall. The use of isograms in thi~ man
ner has a tend·ency to smooth out choppy 
changes that occur locally across ·the land. 
However, caution should be exercised in ap
plying data from these maps, particularly for 
the smaller drainage areas (10 square miles). 
Caution should be used in making arbitrary 
statements about a small local area for either 
discussion or design purposes. Use of these 
maps for this purpose could cause misleading 
interpretations. 

2.4 Trends in Sediment Production Rates 

The rate and amount of sediment delivered 
to a downstream point is a function of the·· 
quantity of solids available for transport and 
the capacity of the individual stream system 
to transport these solids. Thus, sediment pro
duction rates will vary according to the 
characteristics of the watershed. Capacity to 
transport sediment is dependent on 
watershed relief, hydraulics, shape, and veg
etative characteristics. Available solids are a 
product of soil erodibility, precipitation, coyer, 

Sediment Production Rates 9 

and other characteristics. 
Most factors that control the capacity to 

transport sediment in a given watershed gen
erally remain constant or have very slow rates 
of change. Factors that control the availability 
of solids for transport can change more rapid
ly. Cover and runoff characteristics may 
change most rapidly. These are the factors 
whose changes are reflected in the trends of 
erosion rates discussed in Section 1. 

Since the factors that control capacity to 
transport are constant or very slow to change, 
sediment production rates will parallel closely 
the changes in available solids. These rates 
will vary with the changes in erosion rates and 
the input of other solids into the stream sys
tem. Thus, the tre.nd in sediment production 
rates will closely parallel the trend in erosion 
rates. Generally, forest land provides the 
greatest cover protection against erosion. 
Sediment production rates are the least in 
Great Lakes Basin areas where forest cover is J 

most extensive. A special analysis made by the 
U.S. Forest Service shows this high correla
tion between the percentage. of forest cover 
and sediment production rates. 

Changes in the individual watershed that 
affect the opportunity for lodgment of the sed
iment or other solids will alter sediment pro
duction rates. Installation of a floodwater re
tarding reservoir will increase the opportun
ity for lodgment of sediment. Alterations in 
channel shape, gradient, or location will also 
change the sediment production rate. There
fore to predict trends in sediment production 
rates, some knowledge of future projects is 
needed. Unfortunately this knowledge was 
not available at the time of this erosion and 
sedimentation study: 
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Section 3 , 

GROSS EROSION RATES 

Soil erosion occurs in many forms. Aspects 
of erosion have been covered in separate sec

·tions in this study. The erosion rates of these 
various forms are combined in this section and 
expressed as gross erosion rates. Included are 
sheet erosion rates, stream bank and roadside 
erosion rates, and the erosion rates fro.m 
urban construction in the major metropolitan 
complexes. 

3.1 Components of Gross Rates 

The present gross erosion rates for the 
Great Lakes Basin are presented in the maps 
of the 15 planning subareas in the Basin. The 
values were based on the following informa
tion: 

(1) the base sheet erosion rates (present) 
for the various counties, as enumerated in 
Section 4, Intensity of Sheet Erosion Rates 

(2) the value of 27 tons per square mile 
from stream bank erosion developed in Section 
7, Distribution and Intensity of Damage from 
Streambank Erosion 

(3) the value of 5 tons per square mile from 
roadside erosion computed from data from the 
Special Roadside Erosion Study• made in 
Wisconsin and discussed in Section 5. Two as
sumptions were made: that the acres of road
side erosion found in Wisconsin would be rep
resentative on an acres-per-square-mile basis 
for the entire Great Lakes area, and that an 
erosion rate of20 tons per acre of eroding area 
per year would also be .representative. , 

(4) erosion rates from construction activity 
in the .18 metropolitan complexes, as eval
uated in Section 6. The following values 
(Table 18-9) were used for the 18 metropolitan 
complexes in positioning the lines. 

(5) the value of 5 tone per square mile, 
included for erosion from upland gully chan
nel erosion. Gully erosion has not been 
evaluated· in quantitative terms, but it has 
been presented in qualitative terms in Section 
5. Much of the rill and minor gully erosion has 
been included in the values in Section 4, be
cause of the nature of the erosion process. The 
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erosion included in the 5 tons per ·square mile 
occurs in scattered upland channels that may 
be bare of vegetation or partially vegetated. 
These gully channels are largely older land 
scars, but a few recent and actively cutting 
channels are included, The total contribution 
of eroded soil material from these conditions is 
very minor and approximately of the same 
magnitude as erosion from roadside cuts and 
ditches. 

Forested land, approximately 39.8 million 
acres, covers approximately 52 percent of the 
Great Lakes Basin. Total gross erosion from 
this forested. land is nearly~ 5 percent of the 
total for the Basin, approximately 7. 7 million 
tons per year. Approximately 75 percent is 
from sheet erosion and 25 percent from other 
sources such as stream bank and roadside ero-

TAB LE 18-9 Erosion Rates for Metropolitan 
Complexes 

Metropolitan 
Complex 

Duluth-Superior 
Green Bay-Oshkosh 
Milwaukee 
Chicago. 
South Bend-Elkhart 
Kalamazoo-Battle 

Creek 
Grand Rapids 

.Lansing-Jackson 
Saginaw-Flint 
Detroit 
Toledo 
Ft. Wayne 
Lorain-Elyria 
Clevel,and-Akron 
Buffalo 
Erie 
Rochester 

-syracuse 

Erosion 
(T/sq mi) 

64 
19 

173 
556 
140 

77 
128 

45 
58 

429 
58 

192 
128 
332 

77 
70 

116 
58 
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sion. Erosion from exposed disturbed land un
dergoing urban development contributes 
some five percent of the gross erosion in the 
Basin. This urban erosion occurs on less than 
0.1 percent of the land area in the Basin. The 
remaining 90 percent of the gross erosion in 
the/Basin is derived from the open agricul
tural and· nonagricultural lands, nearly 48 
percent of the land area in the Basin. 

3.2 Isograms and Isogreros Lines 

The erosion from the five sources was com
bined and rates were expressed in terms of 
tons per acre per year. These rates are express-

ed by isograms. Lines of equal gross erosion 
are called isogreros on the following maps. 
These smooth out the abrupt changes that 
would appear by merely listing computed 
gross erosion rates for the individual counties. 
Computed erosion rates were placed in the 
geometric center of each county. The lines 
connect points 9f equal rates and were 
positioned by interpolating between the vari
ous point values of gross erosion rates. 

Figures 18-31c through 18-45c show the 
gross. soil erosion from the major erosion 
sources in estimated me.an annual tons per 
acre per ,,year. The isogreros lines smooth 
these values to reflect regional differences, 
local variation, and rate of change. 



Section 4 

THE INTENSITY OF SHEET EROSION RATES 

The determination of the base sheet erosion 
rates in the Great Lakes Basin was a major 
task in the development of this appendix. The -
present and future sheet erosion rates are the 
crucial elements in the evaluation of the de
gree and intensity of erosion and sedimenta
tion. Much of the damage to land and water 
resources, such as eutrophication and other 
water quality problems, capacity loss in chan
nels and reservoirs, and productivity loss on 
farm lands, is directly related to these erosion 
rates. 

~hppt. ~rn-.:inn is rlist:in.,.+ f'rf'\m nthQ,,.. f'n-rl'Y'lc, n.f" 

erosion because it is the removal of a fairly 
uniform layer of surface soil by runoff water. 
Sheet erosion results from other erosion pro
cesses such as rill and splash erosion. The sur
face remains relatively uniform and is not in
dented with gully channels or other irregular 
removal areas. This form of erosion occurs on 
all land and ranges from very slow geological 
erosion to rapid accelerated erosion where the 
surface soil has been bared of cover. 

The base or benchmark erosion rates were 
developed by counties within the planning 
subareas in the Great Lakes Basin. For each 
of these 190 counties, a weighted average an
nual sheet erosion rate was computed. The 
following few paragraphs briefly describe the 
procedures used to calculate these weighted 
erosion rates. 

4.1 Method of Computing Sheet Erosion Rates 

Three components are involved in comput
ing sheet erosion rates on an average' annual 
basis: " 

(1) soil and slope characteristics 
(2) cropping patterns and other land cover 

conditions 
(3) regional rainfall characteristics 

The universal soil loss equation,16 which incor
porates these data, is used to estimate the av
erage annual rate. The main source of the data 
used in this study was the National Conserva
tion Needs Inventory,18 updated to 1968. These 
data were available by counties and by soil 
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resource groups. The soil resource groups 
combine soil categories of similar physical and 
management characteristics. The Conserva
tion Needs Inventory provided cropping and 
other cover data by soil resource group. 

Based upon the descriptions of the soil re
source groups, the following interpretations 

TABLE 18-10 Basic Erodibility and Slope 
Factors by Soil Resource Group 

Soil K Value 
Resource (Basic 

-Group Erodibility) 

1 0.37 
2 0.37 
3 0.37 

4 0.32 
5 0.45 
6 0.24 

7 0.22 
8 0.17 
9 0.45 

10 0.32 
11 0.32 
12 0.22 

13 0.32 
14 0.37 
15 __ 4 

16 0.43 
17 0.43 
18 0.43 

19 o. 32 
20 0.43 
21 __ 4 

22 __ 4 

23 0.24 

1o. 40 Illinois 
2o. 65 Michigan 
3
0.50 New York 

SL 
(Slope % -

Slope Length) 

0.25 
0.20 
a.so 

0.40 
0.40 
o. 40 

o. 40 
'0.65 

1.801 

l.80~ 
1.80 
1.80 

3.80 
4.20 

0. 2s 3 

0,40 
0.40 
0.40 
0.40 

2.60 

4soil Resource Groups 15, 21, and 22 include 
level mucks and swamps and steep rocky soil 
and were not used in the erosion rate evalu
ations. 
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were made to establish numerical values 
needed for application in the universal soil 
loss equation. The K values describe the basic 
erodibility of the so.ii resource groups. These 
values reflect the relative susceptibility to 
erosion of the predominant soil types within 
the soil resource group. The soil loss values 
reflect predominant slope characteristics of 
the soil resource group. Generally, steeper 
slopes are more susceptible to erosion than 
lesser slopes. This susceptibility is reflected 
numerically jn the soil loss (SL) values. 

The Conservation Needs Inventory enum
erated a wide variety of crop cover conditions 
by the soil resource groups. These data were 
interpreted in terms of effectiveness of cover 
to reduce erosion rates. Four broad cover 
categories were adopted for the many crops, 
pasture, and woodland items on the CNI: row 
crops; small grains; pasture, hay land, and 
meadow (grasslands); and forest lands. These 
crop and cover data provided the basis for es
tablishing the numerical values (C values) for 
use .in the universal soil loss equation. 

Another factor used in the soil loss equation 
to compute sheet erosion rates is the rainfall 
factor, R. Research data show that when fac
tors other than rainfall are held constant, 
storm losses from erosion are directly propor
tional to the product value of two rainstorm 
characteristics. These are total kinetic energy 
of the storm times its maximum 30-minute in
tensity. These are. called EI values. The rain
fall erosion index at a particular location is the 
longtime average yearly total of the storm EI 
values. The factor R is the number of erosion 
index units in a normal year's rain. Figure 
18-46c is a map showing lines of equal R val
ues, called isoerodents. Values from this map 
are used directly in the soil equation. 

4.2 Sheet Erosion Rates by County 

A summarization table was made for each 
county in the Basin listing the acres in each 
cover category by soil resource groups. Gener
ally, 10 to 15 soil resource groups were rep
resented in each county. A program that con
tained the various numerical values for the 
soil resource groups and the cover categories 
was devised for a desk computer. The neces
sary multiplication procedures used in the 
universal soil loss equation and the various 
weighting procedures were also built into the 
program. A weighted average annual sheet 
erosion rate for each county was the output of 
the program sequence adjusted for the soil 

TABLE 18-11 Values for Cover Conditions 

Cover Category 

Row Crops 
Small Grains 
Pasture, Hay, 

& Meadow 
Woodland 

C Value 

o.soo 
. 0.200 

0.020 
o.oos 

and cover characteristics of the individual 
county. These average annual sheet erosion 
rates are expressed in tons per acre per year. 

The present computed average annual 
sheet erosion rates for counties in the Great 
Lakes Basin range from 0.1 ton per acre per 
year in Schoolcraft and Crawford Counties in 
Michigan to nearly 9.0 tons per acre in Will 
County, Illinois. The differences in these rates 
strongly reflect the differences in cover, soil 
and rainfall characteristics. Schoolcraft and 
Crawford Counties each. have less than one
half of one percent row crop acreage and more 
than 90 percent woodland. Will County has 
more than 65 percent cropland and less than 
10 percent woodland. In addition, the rainfall 

-is approximately twice as erosive in Will 
County as it is in Crawford and Schoolcraft 
Counties. Soil characteristics are also a factor. 
Crawford County, Michigan, has sandy soil 
types covering approximately 90 percent of1ts 
surface. Will County, Illinois, has less than 5 
percent sandy soil types. Sandy types have 
generally lower basic erodibility factors. Table 
18-12 summarizes the current weighted aver
age annual sheet erosion rates of the counties 
lying within the planning subareas. 

4.3 Sheet Erosion Rates by Planning Subarea 

Table 18-13 lists the weighted average an
nu·a1 sheet erosion rates for the planning sub
are as in the Great Lakes Basin. Shown are the 
present rates, as well as those projected to 
target years 1980, 2000 and 2020. 

In many cases the sheet erosion rates shown 
on Table 18-13 are greater than the gross ero
sion rates summarized on Table 18-4. This is 
because the sheet erosion rates are computed 
only on rural lands,which include land in both 
agricultural and nonagricultural uses. The 
urban built-up land has been subtracted, and 
the erosion was computed separately for this 
urban land (as is shown in Tables 18-2 add 
18-3). Rates of erosion on urban built-up land 
are generally far fess than .the average rates 
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TABLE 18-12 Current Weighted Average Annual Sheet Erosion Rates by County (Tons/Acre/ 
Year) 

State Present State Present State Present State Present 
and Sheet and Sheet and She·et and Sheet 

County Erosion Count:t: Erosion County Erosion County Erosion 

Illinois 
Houghton 0,2 Minnesota Portage 2.4 

Cook 7.5 Huron 2.1 Carlton. 0.4 Putnam 6.7 
Du Page 8.0 Hillsdale 4.0 Cook 0,2 Sandusky 5.0 
Kane 7,8 Ingham 3. 7 Lake 0.2 Seneca 4.5 
Lake 5.6 Ionia 2.3 St. Louis 0.2 Summit 1.2 
McHenry 5.2 Iosco 0,2 Van Wert 4.9 
Will 8.7 Iron 0.2 New York Williams 5.0 

Isabella 2.3 
Allegany 0.8 Wood 4.5 

Indiana Jackson 2.6 Wyandot 3.2 
Kalamazoo 3.6 Cattaraugus 1. 3 

Adams 5. 7 Kalkaska 0.2 Cayuga 2.3 
Pennsxlvania Allen 5.7 

Kent 4.0 Chautauqua 0.9 
De Kalb 5.5 

Keweenaw 0.1 Erie 1.2 Erie 1.2 
Elkhart 5.9 Lake 0.5 Geriesee 1.5 
Lagrange 5.3 Lapeer, 1.8 Herkimer 0.7 Wisconsin 
Lake 8.3 Jefferson 1.1 
La Porte 7.4 Leelanau 1.0 Lewis 1.2 Ashland 0.3 
M,:i.,-gh.<il 1 6.5 Lenawee 4.9 Livingston 2.2 Bayfield 0,6 
Noble 6.6 Livingston 2.3 

Madison 2.0 Brown 2.5 
Porter 7.4 Luce 0.1 

Monroe 1. 7 Calumet 2.7 
St. Joseph 5.5 Mackfnac 0.1 

Niagara 1.2 Door 0.8 
Starke 6.6 Macomb 3.4 

Oneida 1.6 Douglas 0.2 
Steuben 4.6. Manistee 1.4 

Onondaga 2.7 Florence 0.8 
Marquette 0.2 

Ontario 2.9 Fond du Lac 3.6 
Michigan Mason 1. 3 

Orleans 2.0 Forest 0.2 
Mecosta 1.7 Gr_een Lake 2.7 

Alcona 0.5 Menominee 0.8 Oswego 1.0 
Iron 0.3 

Alger 0.2 Midland 1.2 St, Lawrence 0.3 
Kenosha 4.3 

Allegan 3.9 Missaukee 0.4 Schuyler 2.5 
Kewaunee 2.9 Seneca 2.3 Alpena 0.3 Monroe 3.7 

Tompkins 1.9 Langlade 1.0 
Antrim 1.3 Montcalm 2.9 Manitowoc 2.5 
Arenac 1.3 Montmorency 0.2 Wayne 2.2 

Marinette 0.3 Wyoming 2.4 Baraga 0.1 Muskegon 0.9 
Yates 2.7 Marquette 1.7 

Barry 3.6 Newaygo 1.1 Menominee ---* Bay 2.2 Oakland 1.5 
Ohio Milwaukee 2.4 

Benzie 0.6 Oceana 2.0 Oconto 1.4 
Berrien 5.8 Ogemaw 0.7 Allen 4.4 Outagamie 3.0 
Branch 3.8 Ontonagon 0.3 Ashtabula 0.9 Ozaukee 5.1 
Calhoun 3.7 Osceola 1.2 Auglaize 4.9 Racine 4.4 
Cass 5.6 Oscoda 0.3 Crawford 4.8 Shawano - 2.4 
Charlevoix 0.3 Otsego 0.3 Cuyahoga 0.9 Sheboygan 2.9 
Clare 0.6 Ottawa 2.3 Defiance, 5.2 Walworth 4.8 
Clinton 3.9 Presque Isle 0.2 Erie 4.0 Washington 3.9 
Chippewa 0.2 Roscommon 0.1 Fulton 5.6 Waukesha 3.7 
Cheboygan 0.3 Saginaw 2.4 Geauga 1.5 Waupaca 1.9 
Crawford 0.1 St. Clair 1. 7 Hancock 4,6 Waushara 2.0 
Delta 0.2 St, Joseph 4.2 Henry 3.7 Winnebago 2.8 
Dickinson 0.4 Sanilac 1.8 Huron 4.8 
Eaton 3.4 Schoolcraft 0.1 Lake 1.7 
Emmet 0.6 Shiawassee 3.0 Lorain 3.7 
Genes.ee 2.3 Tuscola 2.1 Lucas 4.4 
Gladwin 0.4 Van Buren 4.7 Medina 3.4 
Gogebic· 0.2 Washtenaw 3.3 Mercer 4.9 
Grand Traverse 0.9 Wayne 3.3 Ottawa 4.8 
Gratiot 3.6 Wexford 0.4 Paulding 7.1 
*no information available 
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TABLE 18-13 Weighted Average Annual 
Sheet Erosion Rates by Planning Subarea 

Planning 
Sheet Erosion Rate (T/Ac/Yr) 

Subarea Current 1980 2000 2020 

1.1 0.28 0.28 0.26 0.26 
1.2 0.19 0.18 0.17 0.17 

2.1 1. 55 1.45 1. 26 1. 52 
2.2 6.20 6.16 5.50 4.96 
2.3 4.25 4.29 4.25 5. 30 
2.4 0.72 0.59 0.48 0.61 

3.1 0.38- 0.37 0.31 0.31 
3.2 1. 93 1.97 1.14 1.44 

4.1 2.75 2.75 2.17 2.48 
4.2 5.00 5.24 5.49 5.85 
4.3 2.07 1. 76 1.72 2.05 
4.4 1.16 1.04 0.71 0. 71 

5.1 1.63 1. 40 1.28 1.28 
5.2 1.84 1.58 1.08 1.30 
5.3 0.71 o. 60 0.56 o. 56 

on the adjacent agricultural lands (unless the 
adjacent rural land is forest land). In many 
cases the amount of urban built-up land in the 
various planning subareas is large enough to 
reduce the gross erosion rate of the planning 
subarea below the mean sheet erosion rates 
for the rural land. Partial explanation for var
iations in mean sheet erosion rates between 
the planning subareas may be seen in the data 
in Table 18-14. Sheet erosion rates are related 
to a number of variables. The most pro
nounced are summarized in this table. There 
is a wide range of the values for these vari
ables. 

4.4 General Discussion 

Potential sheet erosion rates on individual 
fields and parts of fields under the ranges of 
soil erodibility, slope, cover, and rainfall are 
listed in Tables 18-10 and 18-11 and in Figure 
18-36c. Theoretically, the difference between 
sheet erosion rates on land with the most ero
sive combination of soil, slope, rainfall, and 
cover characteristics could be 10,000 times 
that on land with the least erosive combina
tion. 

It is very doubtful that the extremely high 
rates of sheet erosion exist on more than· a 
small amount of land. These extreme rates 
(which would be 150 to 200 tons per acre per 
year) would very likely not occur as sheet ero
sion but as channel (gully) erosion. However, 
minimum rates probably occur on extensive 
areas in the northern forested, level, and sand 
areas with low rainfall intensities. 

The effects conservation practices have on 
sheet erosion rates are mentioned in Section 1, 
Trends in Erosion Rates. Section l also points 
out that conservation measures applied for 
erosion control to date have probably reduced 
erosion rates by 20 to 25 percent. Much of this 
reduction has been due to shifts in crop rota
tions and land use changes. The reductions of 
only a few percent are directly due to the ap
plication of mechanical erosion control mea
sures. However, reduction of sheet erosion 
rates on the land where these practices are 
applied ranges from 50 to 80 percent or more. 

Future reductions in sheet erosion rates by 
the application of mechanical erosion control 
practices are shown in Table 18-15. These are 
based upon rates of application of past ongo
ing programs and on the needed accelerated 
program stated in Appendix 13, Land Use and 
Management. These reductions are 5to 10 per
cent less than present planning subarea sheet 

TABLE 18-14 Range of Mean Values of Major 
Variables by Planning Subarea 

Mean SheE!t Per~ent of Area in: 
Erosion Relative Culti- Sandy 

Planning Rate Rainfall vated Slopes Soil 
Sub area T / Ac/Yr Intensity Crops >5% Types 

1.1 0. 28 85 5 45 17 
1. 2 0.19 75 4 43 30 

2.1 1. 55 95 33 24 18 
2.2 6.20 150 55 16 5 
2.3 4.25 125 60 24 18 
2. 4 0. 72 85 18 58 57 

3.1 0.38 75 13 51 47 
3. 2 1.93 75 54 18 15 

4.1 2.75 100 56 17 10 
4.2 5.00 125 75 2 2 

'4. 3 2.07 125 32 16 1 
4.4 1.16 100 28 31 1 

5.1 1. 63 85 43 25 2 
5.2 1.84 85 32 33 14 
5.3 0.71 80 19 43 15 
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erosion rates, _The values on Table 18-15 are TABLE. 18,15 Projected Decrease in _Mean 
average reductions id overall planning sqb- Annual Sheet Erosion Rates (Tons/ Acre/Year) 
area erosion rates. Reductions on the indi-
victual fields where the practices are applied Planning To Target Year 
range from 50 to 80 percent or mo_re. Sub area 1980 2000 2020 

Studies have been made by the U.S. Forest 
1.1 0.01 0.02 Service on erosion rates on forested land in the 

Great Lakes Basin. These studies indicate 1. 2 0.01 0.01 
that, on the average, sheet erosion rates on 

2.1 0.03 0.06 0.10 well-forested land average approximately 0.16 
2.2 0.12 0.28 o. 35 tons per acre per year. Based upon.the possi-
2.3 0.09 0.21 o. 37 ble range of land cover and rainfall charac-

teristics, this rate can theoretically vary from 2.4 0.01 0.02 0.04 
0.2 tons per acre per year to 2.0 tons. 

3.1 0.01 0.02 0.02 On forest land, high streambanks, logging 
3.2 0.04 0.06 0.10 roads, and other small disturbed areas usually 

produce much higher erosion rates of all other 4.1 0.06 0.11 0.17 types. 4.2 0.10 0.27 0.41 
4.3 0.04 0.09 0.14 
4.4 0.02 0.04 0.05 

5.1 0.03 0.06 0.09 
5.2 0.03 0.05 0.09 
5.3 0.01 0.03 0.04 



Section 5 

GENERAL SURVEY OF EROSION AND SEDIMENTATION 
PROBLEMS 

-Questionnaires were sent to personnel lo
cated in or near the counties lying within the 
planning subareas of the Great Lakes Basin. 
These people were district conservationists 
for the Soil Conservation Service, U.S. De
partment of Agriculture. They work in these 
counties and are· familiar with local erosion 
and sedimentation problems. ~ 

The questions asked on these question
naires required the conservationists' opinions 
on the degree of severity and the extent of 
various types of erosion problems other than 
those involving sheet erosion rates. The rates 
for sheet erosion were determined as de
scribed in Section 4. 

In addition to questions on erosion damage, 
the conservationists' opinions on the degree 
and severity of damage in theircounties from 
sediment derived from land erosion were also 
sought. 

The purpose of these questionnaires was to 
survey the nature, extent, and severity of ero
sion and sediment damages that were not 
compiled or otherwise known except on a local 
basis. One hundred ninety questionnaires 
were sent out to be completed by local person
nel in the field. Almost 100 percent of the ques
tionnaires were completed and returned. 

Data from these questionnaires ·were sum
marized in various ways and the results are 
presented on the pages that follow. Each 
major element of the questionnaire is pre
sented separately in order to reflect the rela
tive differences of each type of problem 
throughout the Basin. 

5.1 Distribution and Intensity of Damages 
from Channel Erosion 

Erosion from water flowing down upland 
slopes or drainageways in which the flow is 
incised in pronounced channels _is broadly 
classed as channel erosion. Gullies and valley 
trenches in which the flow is intermittent in 
response to precipitation are also included, as 
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are channels of this type that receive contin~
ous low-volume base flow due to seep zones 
that the channel intercepts. A gully is distinct 
from a rill because it is not obliterated by ordi
nary tillage operations on cultivated land. 
Gullies, valley trenches, or other channel ero
sion will persist unless special grading or fill
ing operations are ·performed. Reasons for 
channel erosion and the rate at which the 
channel will grow in length and width are re-, 
lated to the rate of surface runoff, channel 
slope, and to the resistance to erosion in the 
zone where flow becomes concentrated. When 
channel erosion occurs, the rate of concentra
tion of surface runoff and its velocity of flow 
exceeds the ability of the soil and its cover to 
resist erosion. 

Responses to a question about reasons for 
channel erosion indicate that approximately 
30 percent of the conservationists believe 
channel erosion is due to lack of adequate 
grassed waterways on cultivated land. 
Twenty-five percent indicated that channel 
erosion was primarily due to traffic-vehicle 
lanes, livestock trails, logging ,-,skids, and 
pedestrian paths. Table 18-16 lists various 
opinions on channel erosion and the percent of 
questionnaire responses that indicated them 
as problems. 

The questionnaires indicated that channel 
erosion is a rare occllrrence in 18 percent of 
the counties in the Basin., Seventy-one per
cent of the counties have channel erosion that 
occurs occasionally to frequently. In 11 per
cent of the counties, channel erosion occurs 
frequently to very frequently. Table 18-17 
summarizes the relative frequency of channel 
erosion occurrence in the Lake basins. 

Channel erosion is widespread throughout 
the Basin. However, its intensity and damag
ing effects are quite diverse. The problem 
cannot be attributed to extreme topographic 
or climatic conditions. For example, Planning 
Subarea 4.2, which is predominantly gently
sloping to level land, has channel erosion that 
occurs on an occasional to frequent basis in 83 
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TABLE 18-16 Reasons for Channel Erosion 
Percent 

of 
Reason Responses 

Inadequate grassed waterways 30 

Traffic 25 

Vehicle tracks 9 
Livestock trails 7 
Logging skids 7 
Pedestrian paths 2 

,Soil problems 14 

Problems with drainage outlets 13 

Farming practice and carelessness 10 

Mis ce 1 laneous 8 

Torrential rains 
Natural geologic erosion 
Chemical sprays 
Pipelines 

TABLE 18-17 Channel Erosion 
(Percent of Counties) 

Occasional 
to 

Lake Basin Rare Fre9uent 

Total Great 
Lakes Basin 18 71 

Superior 23 54 
Michigan 19 76 
Huron 14 86 
Erie 13 75 
Ontario 25 so 

4 
2 
1 
1 

Toii 

Problems 

Frequent 
to Very 
Frequent 

11 
23 

7 
0 

14 
25 

percent of the counties. Channel erosion is a 
local problem. It appears as a critical problem 
only if a local imbalance between runoff, flow 
velocity, and resist3.nce to erosion exists. 
Channel erosion problems in the Basin can be . 
controlled with proper land management. 

5.2 Distribntion and Intensity of Damages 
from Roadside Erosion • 

Roadside erosion is a collective term that 
describes a variety of erosion processes that 
occur along highways and other roadway 
rights-of-way. Sheet erosion, rill, gully, and 
other channel erosion and wind erosion. on 
susceptible areascombin·e to form this general 
category. 

Roadside erosion is associated with the dis
turbance o'r the land surface because of grad
ing cuts and fills along the right-of,way. Re
sponses.from questions about roadside erosion 
indicate that the greatest cause is the lack of 
adequate vegetative cover. Fifty-one percent 
of the responses indicated this to be the major 
problem. The second-greatest problem indi
cated was the difficulty of establishing vege
tation on steep cuts and slopes. Twenty-three 
responses indicated this to be the major prob" 
!em. Table 18-18 summarizes opinions on the 
major cause of roadside erosion in the Great 
Lakes Basin. 

TABLE 18-18 Reasons for Roadside Erosion 

Maj or Causes of 
Roadside Erosion 

Percent 
of 

Responses 

Inadequate vegetative cover 51 
Over-steep slopes 23 
Improper drain outlets 14 
Soil problems 7 
Improper maintenance 5 

Twelve percent of the counties in the Great 
Lakes Basin have severe roadSid~ erosion 
problems, 54 percent have a moderate prob
lem, and 34 percent have a minor or slight 
problem. The Lake Erie basin has the least 
severe problem from, roadside erosion, 
perhaps due to the large level Jake plain area 
within the basin. Table 18-19 summari.zes the 
frequency of occurrence of roadside erosion by 
Lake basin. 

TABLE 18-19 Roadside Erosion Problems 
(Percent of Counties)· 

Lake Basin 

Total Great 
Lakes Ba:Sin 

Superior 
Michigan 
Huron 
Erie 
Ontario 

Rare 

34 
32 
29 
27 
46 
35 

Occasional Frequent 
to to Very 

Frequent Frequent 

54 12 
47 21 
58 13 
64 9 
45 9 
55 10 



5.3 Special Roadside Erosion Study 

Quantitative data are available from a spe
cial study made in the State of Wisconsin on 
road.side erosiori. The report, entitled "Erosion 
on Wisconsin Roadsides," Septembei' 1969,8 

was cosponsored by the National Resource 
Council of State Agencies and the Wisconsin 
chapter, Soil Conservation Society of America. 
The report is based on a 100 percent survey of 
road cuts and fills in the State. The purpose of 
the survey was to ascertain the role of road
side erosion as a sedimentation problem. The 
study found 7,280 acres of active erosion on the 
87,000 miles of rural roads in the State. 

The four counties in Wisconsin that lie in 
Planning Su bare a 2.1 have a combined total of 
1,394 acres of active roadside erosion, which 
occurs on 791 linear miles of roadside. The six 
Wisconsin counties in Planning Subarea 2.2 
have a total of 308 acres of active roadside 
erosion occurring on 391 miles of roadside. 

This report on roadside erosion in Wisconsin 
goes into considerable detail, far beyond what 
is indicated by this briefly summarized data. 
In addition: to the individual county data on 
acres and linear miles of roadside erosion, the 
report indicates the types of roads by percen
tages, the causes of erosion, and a brief history 
of the age of the eroded areas. The report also 
goes into control and treatment needs. It 
specifies by counties the square feet and per
centages of the total that require: fertilizer, 
seed, and mulch; sloping, fertilizer, seed, and 
mulch; and structures, sloping, fertilize·r, 
seed, and mulch. 

TABLE 18-20 Active Roadside Erosion in 
Wisconsin Parts of Planning Subareas 

Planning 
Subarea Acres Miles 

1.1 448 178 
2.1 1394 791 
2.2 308 391 

Total 2150 1360 

5.4 Distribution and Type of Wind Erosion 

Wind erosion occuI's on expanses of open 
land subjected.to winds of sufficient velocity 
to pick up soil particles or to cause them to 
drift. Soils that lack cohesive properties, such 
as ·sandy- soils and organic soils,- are suseepti-
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ble to blowing. Clay and silt soils that are 
poorly aggregated are also susceptible. All 
soils are susceptible to wind erosion to some 
degree. Susceptibility is increased during dry 
periods because of the decrease of cohesive 
properties displayed by dry soils. 

In the Basin, 8 percent of the counties indi
cated wind erosion to be a severe problem, 43 
percent a slight problem, and 27 percent a neg
ligible problem. Table 18-21 summarizes these 
responses by Lake basin. 

TABLE 18-21 Wind Erosion Problems (Per
cent of Counties) 

Negligib"le Slight Moderate Severe 
Lake Basin Problem Problem Problem Problem 

Total Great 
Lakes Basin 27 43 22 8 

Superior 82 18 0 0 
Michigan 14 43 34 9 
Huron 27 41 23 9 
Erie 24 56 13 7 
Untario 45, 3U 15 10 

The counties in the Lake Michigan basin 
appear to experience the greatest amount of 
wind erosion damage. 

A question was asked as to what types of soil 
were most susceptible to wind erosion. The 
resp0nses to this questio·n are summarized in 
Table 18-22. A special wind erosion problem 
occurs in the counties" in the Lake Superior 
basin, on mine waste areas. Nearly one
quarter of these counties indicated this to be 
the major wind erosion problem. 

TABLE 18-22 Type of Soil on Which Major 
Wind Erosion Damages Occur (Percent of 
Counties) 

Mineral Organic Sand Mine 
Lake· Basin Soils Soils Dunes Waste 

Total Great 
L'akes Basin 55 31 13 1 

Superior 44 0 33 "23 
Michigan 54 34 12 0 
Huron 80 15 5 0 
Erie 56 29 15 0 
Ontatio 28 so 22 0 

5.5 Other Erosion Damages 

The questionnaire also attempted to deter
mihe if there were unusual -erosion -problems 
in the Great Lakes Basin. Thirty-three percent 
of the responses indicated that unusual prob-
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!ems exist, including the existence of soil class
es on which erosion is difficult to control; ir
regular topographic features on which control 
practices are difficult to establish; and local 
farming practices, usually too many row crops 
and too much clean tillage in relationship to 
applicable control measures. These problems 
appear to be randomly scattered throughout 
the Basin. -

Table 18-23 shows other erosion problems 
that were listed, and the number of times they 
were mentioned. Erosion on productive bot
tomland soil or bottomland scour is the most 
intense in Planning Su bare as 2.3 and 4.2. 

TABLE 18-23 Other Erosion Problems Men
tioned 

Problem 

Bottomland scour, erosion 
or productive bottom-
land soil 

Times 
Mentioned 

48 

Erosion on shorelines of 31 
inland lakes (exclusive 
of Great Lakes shore-
line) 

Erosion on mine spoil and 18 
other waste 

Miscellaneous 7 

5.6 Distribution and Intensity of Infertile 
Overwas]t 

One form of sedimentation damage is the 
periodic deposition of infertile sediment on 
productive cropland-generally on bottom
lands, but not necessarily restricted to bot
tomland. As the following data will show, infer
tile overwash is not a widesp.read, serious 
problem in the Basin as it is in other parts of 
the United States. There are probably several 
reasons for this: 

(1) Much of the Great Lakes Basin has gla
cial topography on which extensive flood 
plains have not developed. 

(2) Where cultivated flood plains are found, 
the contributing watershed does not feed 
large volumes of infertile sand and other 
materials to the streams. 

(3) The combinations of cover, stream grad
ients, soils, and climatic conditions do not 
lend themselves to violent surges of overwash . 

materials, which are charactei-1stic of those 
areas that do receive sizeable damage from 
infertile overwash. 

The most extensive areas of infertile over
wash are in the Lake Erie basin. Tables 18-24 
through 18-26 summarize the indicated sever
ity of this problem throughout the Basin. 

TABLE 18-24 Infertile Overwash Problems 
(Percent of Counties) 

Negligible Moderate Severe 
Lake Basin Damage Damage Damage 

Total Great 
Lakes Basin 84 15 1 

Superior 88 12 0 
Michigan 85 14 1 
Huron 95 5 0 
Erie 67 33 0 

Ontario 85 15 0 

TABLE 18-25 Land Affected by Infertile 
Overwash (Percent of Counties) 

Less More 

Than 10 10-100 100-500 Than 500 

Lake Basin Acres Acres Acres Acres 

Total Great 
Lakes Basin 41 44 12 3 

Superior 72 17 11 0 
Michigan 38 48 q 1 
Huron 70 20 5 5 

Erie 30 44 14 12 
Ontario 30 60 10 0 

TABLE 18-26 Recoverable Fertility after In-
fertile Overwash (Percent of Counties) 

Time S an 
Short Several Long 

Lake Basin Time Years Time Never 

Total Great 
Lakes Basin 58 29 10 3 

Superior 38 28 28 6 
Michigan 52 36 11 1 
Huron 65 15 10 10 
Erie 63 31 3 3 
Ontario 75 25 0 0 

r When infertile deposition occurs it tends to 
concent_rate on the sa1ne land areas repeated
ly. Thus the values in Table 18-25 should not 
be interpreted as new land being affected each 
year. 

Another question was asked that involves 
the damage done to land by the deposition of 
infertile overwash. An opinion on how much 
time is needed to restore original fertility to 
the land after infertile overwash occurs was 
also obtained (Table 18-26). 
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5. 7 Distribution and· Intensity of Sediment 
• Deposition in Channels 

. A widespread problem with sedimentation 
is the filling of various drainage and flood con
trol channels, which must be periodically 
cleaned out in orde.r to function properly. The 
responses to the questions on channel 
sedimentation revealed that this is recognized 
as . one of the_, more . seyere erosion and 
sedimentation problems in the Great Lakes 
Basin. The first· question about channel 
sect-imentatioru,ske,:t·how serioffs the.problem 
was in individual counties. 

Another question on channel sedimentation 
asked for an opinion on ,how many miles of 
channel were cleaned out each year in the in
dividual counties. A question was also asked 
about the size of jobs in terms of cubic yards of 
sediment removed per mile of channel. for 
maintenance purposes. The greatest mileages 
of channel clean-out are in Planning Subareas 
2.3 and 4.2. 

The largest volumes of channel clean-out 
ar<;, in Planning Subareas 2.2, 2.3, 3.2, 4.1, and 
4.2. Intermediate volumes of clean-out occur in 
Planning Subareas 4.3, 4.4, 5,1, 5.2, and 5.3, and 
the smallest volumes are in Planning Sub
areas 1.1, 1.2, 2.1, 2.4, and 3.1. These generally 
parallel the levels and intensities of agricu]c 
tural cultivation throughout the Basin. 

TABLE 18-27 Problems from Sediment Dep
osition in Channels (Percent of Counties) 

Lhke • Bas iri Slight· Moderate Severe 

Total Great· 
Lakes Basin 25 .. 48 27 

Super_ior 39 61 0 
Xicfi.ig;m 30. 44. .26. 
Huron 32 55 13 
Erie 9 39 52. 
Ont:ario 22 21 57 

TABLE 18-28 Annual Channel Cleanout (Per
cent of Counties) 

Lake Basin 

Total Great 
Lakes Basin 

Superior 
Mkhigan 
Huron 
Erie 
Ontario 

Total -Channel Gleanout 
Less than 10 10-50. More Than 50 
Miles/Year Miles/Year Miles/Y~ar 

75 
100 

7.2 
82 
62 
84 

23 
0 •• 

26 
18 
36 
16 

2 
0 
2 . 
0 
2 
b 
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TABLE 18-29 Annual Sediment Removal 
(Percent of Counties) 

L'ess Than 5,000 to More Than 
5,000 15 .ooo . 15,000, 

Lake Basin Cu Yd/Mi Cu Yd/Mi Cu Yd/Mi 

Total Great 
Lakes Basin 78 19 3 

Supt,'!rior 97 3 0 
Michig,atl 79 18 3 
Huron 78 20 2 
Erie 70 28 2 
Ontario - 79 20 1 

5.8 Other Sediment Problems 

A question was asked about other sediment 
problems that occur locally and are of suffi
cient severity t·o present management prob
lems. The percent of the counties experiencing 
these problems is shown in Table 18.-30. 

The last question asked the conser
vationists to state their opinions on overall 
problems of erosion and sedimentation that 
occur in their counties. This was to include 
special conditions and problems not specifi
cally addressed in previous questions. The fol
lowing is a resume of these comments: 

(1) The red clay areas of Minnesota and 
Wisconsin present special management prob
lems and create abnormally severe sedimen
tation situations in connection with local re
sources. 

(2) Changes in farm economics, particu
la:rly iri dairy farming and cash grain farming, 
are creating .more severe ·erosion and 
sedim<,ntation. problems. 

(3) The move·ment of population into out
door • areas, more pedestrian traffic along 
streams., r~fld improvements, etc., is creatirig 
more ero.sfcfo and sediment .problems. 

(4) Sedimentation of major outlet streams 
is causing tl;:ireats to drainage systems in ag
ricultural land.s. ' 

(5) Increased local flooding occurs with the 
gradual fill of low areas with sediment dep9si-
tion. • . • 

(6) Major land reshaping, e.g., orchards 
and major industrial. installations (in outly
i:hg, Ilonmetropolitan areas}, i5.:cr_eatirig more 
erosion and sedimentation problems. 

(7) Intensive fertilization and spray pro
grams in connection with sedimentation are 
creating increasing problems· with eutrophi
cation and other pollution. • 

(8) Stream bank er9sion, because ,of clean
out and changed hydrologic conditions, is be
coming a greater source of sediment, • 
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(9) Late season vegetable crops, too late to 
establish winter cover crops, add to sedimen
tation. 

(10) Sediment from sand, gravel, and other 

mine- spoil is becoming an increasing problem. 
(11) Long row crop rotations in combina- • 

tion with complete spray weed control are 
leaving land more vulnerable to erosion. 

TABLE 18-30 Other Problems from Sedimentation (Percent of Counties) 

Overall 
Problem Superior Michigan Huron Erie Ontario GLB 

Clogging of 
Storm Sewer 33 43 18 43 25 37 

Filtration Costs, 
Sediment Removal 11 9 5 43 10 17 

Turbidity in 
Recreation Lakes 6 47 18 50 25 43 

Loss of Reservoir 
Capacity 33 38 18 39 60 38 

Eutrophication 17 53 18 45 50 44 
Damage to Fish 

and Wildlife 72 71 36 61 60 64 
Miscellaneous 1 3 0 0 0 2 



Section 6 

EROSION FROM URBAN DEVELOPMENT IN THE MAJOR 

METROPOLITAN COMPLEXES 

As yet, we are not adept atestimating quan
tities of erosion resulting from urban expan
sion activity. This is.equally true of estimating 
the amount of the eroded material that goes 
downstream and the distance it travels. This 
section on urban erosion is the result of a·com
pilation of existing technology and existing 
data. It has been undertaken to develop new 
evaluation techniques to utilize the available 
tools and information. This effort should begin 
to define, quantify, and place urban erosion in 
its proper-perspective as a source of sediment 
in the Great Lakes Basin. 

The problems associated with erosion and 
.sedimentation generally follow hydrologic 
boundaries rather than economic or geo
graphic boundaries. For this reason the met
ropolitan complexes studied in this section are 
treated in relation to their hydrologic bound
aries. They do not necessarily follow the Stan
dard Metropolitan Statistical Areas of the 
Census Bureau or the Economic Areas of the 
Office of Business Economics. The metropoli
tan complexes are deliberately aligned to the 
major watercourses that exist in proximity to 
the major urban centers (Table 18-32). This is 
to facilitate the association of erosion prob
lems with the problems of pollution and water 
quality. 

The Urban Erosion Index developed in this 
study fulfills a major purpose of a river basin 
framework study: to establish degree and in
tensity of problems. The index examines varia
tions of climate, relief, and geologic materials 
throughout the Basin. When applied on a 
longtime basis in conjunction with economjc 
projection, the index should point out prob
lems of urban erosion in the various met
ropolitan complexes. 

6.1 The Urban Erosion Index 

A committee of soil survey personnel in the 
Great Lakes States grouped the soils of the 
Great Lakes Basin into 23 groups, called soil 

- resollr.ce group·s: The soils were grOuped on 
the basis of similarity of internal drainage, 

-- permeability, texture, slope, and other physi
cal and management characteristics. Only 
major soil char~cteristics were grouped and 
only minor variation remained within the soil 
resource groups. Further consultation with 
soil survey personnel established predomin
ant soil erodibility factors and slope factors for 
the soil resource, groups. Table 18-31 sum
marizes the erodibility factors (K values) and 

TABLE 18-31 Predominant Erodibility Fae-
tors and Slopes by Soil Resource Group 

Soil 
Resource Erodibility Slope 

Group (K) (%) 

1 0.37 2 
2 0.37 1 
3 0.37 4 
4 0.32 3 
5 o. 45 3 
6 0.24 3 
7 0.22 3 
8 0.17 5 
9 0.45 12 

10 0. 32 12 
11 0.32 12 
12, 0.22 12 
13 0.32 20 
14 0.37 25 
15 * * 
16 0.43 2 
17 0.43 3 
18 0.43 3 
19 0. 32 3 
20 0.43 3 
21 0 0 
22 * * 
23 * * 

* Indeterminable - group not used 
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the predominant slopes (percent) that were es
tablished. Soil resource groups 15, 22, and 23 
have broad characteristics from which pre
dominant erodibility and slope characteristics 
cannot be determined. These groups generally 
involve small acreages. When they occurred, 
they were subtracted from total acreage fig
ures and were not used in determining weigh
ted averages. 

Summary printouts were obtained from the 
Conservation Needs Inventory (CNI) data,1 8 

updated to 1967. Acres of land by soil resource 
groups, summarized by counties, 'were ob
tained from these data. Generally 10 to 15 soil 
resource groups are represented -in each cot:in
ty. Weighted average erodibility factors and 
slope were computed for each of the 18 met
ropolitan complexes by summarizing the data 
for the counties lying within each of the com
plexes. 

Table 18-32 lists the metropolitan com
plexes and the county data used in each to 
determine the weighted erodibility and slope 
factors. The land included in the computations 
excludes existing urban development and in
cludes the surrounding land into which-ur
banization will ultimately expand. Approxi
mate 1960 populations of the complexes and 
the major tributary rivers are also shown in 
this table. 

A third factor used in computing the Urban 
Erosion Index is the rainfall factor; R. R is the 
summation of the· longtime average yearly 
total of storms as reported by Wischmeir.22 

This R factor is the same as described in Sec
tion 4. '--

Table 18-33 summarizes the Urban Erosion 
Index values computed from the weighted 
erodibility factor, the slope factor, and the 
rainfall factor taken from Figure 18-46. The 
index is the product of these three factors. 
Regional soil and 'topographic conditions are 
noticeable in the weighted Kand S values. The 
larger K values, -generally indicated concens 
trations of fine-textured soils that tend to be 
more erosive than coarse-textured soils. The 
gently sloping lake plain topography is re
flected in the low S values for the Bay City and 
Toledo complexes. These values contrast the 
high S values for the Grand Rapids complex, 
which lies on strongly rolling glacial drift 
plains. 

The reasoning behind the Urban Erosion 
Index is that the three factors of soil erodibili
ty, slope, and rainfall energy are powerful and 
affect rates of erosion; the data on these three 
factors are readily available from existing 
sources; and the numerical index, as a product 

TABLE 18-32 Metropolitan Complexes 
Evaluated in the Urban Erosion Study 
Metropolitan Counties Approximate Tributary 

Complex Included Populatlon River 

Duluth- Carlton (Minn) 300,000 s,' Luuis 
Superior Douglas (Wis) 

Green Bay- Brown 500,000 Fox River 
Appleton- Outagamie 

Oshkosh Winnebago 
Fond du Lac 

Milwaukee Mih1aukee 1,500,000 Milwaukee 
Waukesha Root 
Racine 

Chicago Lake (I 11) 6,000,000 Des Plaines 
Cook Calumet 
Du Page 
Will 
Kane 
Lake (Ind) 
Porter (Ind) 

South Bend- SL Joseph 350,000 SL Joseph 
Elkhart Elkhart 

Kalamazoo- Kalamazoo 300,000 Kalamazoo 
Battle Creek Calhoun 

Grand Rapids Kent L,00,000 Lower Grand 

Lam,ing-Jackson Ingham Lo00,000 Upper Grand 
Jackson 
Eaton 
Clinton 

Bay City- Bay 800,000 Saginaw 
Saginaw-Flint Saginaw 

Genesee 

Detroit Macomb Lo,000,000 Clinton 
Oakland Rouge 
Wayne lluron 
Washtenaw 

Toledo Lucas 500,000 Lower Maumee 

Wood 

Fort Wayne Allen 300,000 Upper Maumee 

Lorain-Elyria Lorain JOO, 000 Black.River 

Cleveland- Cuyahoga 2,200,000 Cuyahoga 

Akron Medina 
, 

Summit 
Lake 
Geauga 

Erie Erie (Penn) 250,000 Several small 
tributaries 

Buffalo Erie (NY) 1,100,000 Tonawanda 

Niagara Buffalo 

Rochester Monroe 600,000 Genesee 

Syracuse- Onondaga 600,000 Oswego 

R=e Oneida 

of these factors,· is a convenient comparative 
tool that reflects relative difference in poten
tial erosion rates. 

6.2 Erosion Rate Estimates 

It is necessary to connect the Urban Erosion 
Index to existing benchmark urban erosion 



TABLE 18-33 Urban Erosion Index Values 
for the Major Metropolitan Complexes 

Urban 
Erosion Weighted Weighted 

Metropolitan Index Erodibility Slope Rainfall 
Complex (K)x(S)x{R) (K) (S) (R) 

Duluth-Superior 1. 86 0.27 0.069 100 
Green Bay-Oshkosh 0,96 0.30 0.032 100 
Milwaukee 1.37 0.34 0. 035 ll5 

Chicago 2; 85 0.)8 o. 04 7 160 
South Bend 2. 75 0. 36 0.051 150 
Kalamazoo-Battle 

Creek 2. 35 0. 33 o. 057 125 

Grand Rapids 2.41 0.33 0.073 100 
Lansing-Jackson 1.62 0.32 O.Ot.6 llO 
Bay City-Saginaw-

Flint 0.93 0. 38 0.027 90 

Detroit 1.92 0. 31 0.062 100 
Toledo 1.04 0.41 0.023 llO 
Fort Wayne • 2. 45 0.43 0.038 150 

Lorain-Elyria 1.87 0.41 0.038 120 
Cleveland-Akron 2, 62 0. 39 0.054 125 
Erie 2, 10 0.39 0.049 llO 

Buffalo 0.89 0.39 0.027 85 
Rochester 1. 44 0. 37 0.052 75 
Syracuse-Rome 2. 46 0. 36 0.076 90 

date to utilize it in making quantitative esti
mates. Urban erosion data usable as bench
mark values are limited and sketchy. The re
cent study by Schmidt and Summersll on 
urban erosion in the Clinton River basin, De
troit metropolitan area, provides the best 
quantitative data yet available. 

Schmidt and Summers studied nine building 
sites in the Clinton River basin in 1967. They 
made detailed and refined measurements to 
determine erosion rates and employed a vari- • 
ety of techniques to accomplish this including 
a measurement of land voided by gullies. Fig
ure 1~7 was devel6ped using these data. The 
purpose of developing this curve was to pro
vide a working tool to estimate urban erosion 
rates on individual development sites in an 
evaluation of urban erosion in the entire De
troit metropolitan area. The products of the 
same three factors used in the Urban Erosion 
Index plus a fourth, cover, were used for the 
abscissa values in Figure 18-47. The products 
of the four factors were computed for the nine 
sites in the Schmidt and Summers study. The 
erosion rates for the nine sites' determined by 
Schmidt and Summers (Y values) were plotted 
against the products (X values) described 
above. The arrangement of points on Figure 
18-47 resulted, and a curve was drawn to av
erage these points. By using four variables 
that are ,:elatively easy to determine, the 
curve provides a method to approxim·ate aver
age tons per acre per year without going into a 
detailed study. 

The values along the X axis of Figure 18-4 '/
differ from the Urban Erosion Index values 
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only in having a cover factor in addition to 
erodibility, slope, and rainfall. The cover fac
tor is a percentage value indicating the per
cent of urban development area actually de
nuded of cover. A site completely denuded had 
a cover value of 1.0, or 100 percent, in the 
Schmidt and Summers study. The Urban Ero
;sion Index values have been established as-
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suming a unity value for cover, or 1.0. This 
gives the indexes a uniform base. 

The Urban Erosion Index values may be 
read along the X axis of Figure lS---47 to obtain 
corresponding average annual tons per acre 
from the Y axis. For example, the Urban Ero
sion Index for the Erie, Pennsylvania, met
ropolitan complex is 2.10. This value yields a 
rate of 170 tons per acre per year. This is the 
longtime average annual erosion rate for land 
undergoing urban development assuming 100 
percent denudation of the land cover during 
development. If only 80 percent of the cover 
were denuded during development (this is a 
more realistic figure in practice), then the 
index would be adjusted to 0.8 x 2.1 or 1.68. 
This value yields a rate of approximately 150 
tons per acre per year. 

Table 18-34 summarizes the estimated 
, longtime averag'e erosion rates from urban 
development areas assuming 100 percent 
cover denudation. The 100 percent figure is 
used because of the large number of values 
that could be .assumed for cover. The urban 
erosion evaluation in the Southeastern 
Michigan Water and Land Resources Study, 
Type IV study, revealed that in the Detroit 

TABLE 18-34, Estimated Longtime Average 
Erosion Rates from Land Undergoing Urban 
Building and Construction . 

Urban 
Metropolitan Erosion 

Complex Indexl 

Duluth-Superior 1.86 
Green Bay-Oshkosh 0.96 
Milwaukee 1. 37 

Chi·cago 2.85 
South Bend-Elkhart 2. 75 
Kalamazoo-Battle Creek 2.35 

Grand Rapids_ 2.41 
Laos ing-J ac"\<.son 1.62 
Bay City-Sag.-Flint 0. 93 

Detroit 1.92 
Toledo 1.04 
Fort Wayne 2.45 

Lorain-Elyria 1. 87 
Cleveland-Akron 2 .62 
Erie 2.10 

Buffalo 0.89 
Rochester 1.44 
Syracuse 2.46 

1cover Assumed to be 100% Denuded 
2 Tons/Acre/Year 

Longtime
2 

Average 

160 
90 

125 

200 
200 
185 

190 
140 

90 

165 
100 
190 

160 
195 
170 

85 
130 
190 

metropolitan area the average denudation 
rate was 85 percent. This was based upon 100 
current (1968) building and construction sites. 
The range was fro.m 40 percent to 100 percent. 

6.3 Estimates of Total Land Exposed and Total 
Erosion 

Erosion rate estimates for the metropolitan 
complexes w.ere developed in the previous sec
tion. Total tons of erosion from urban de
velopment activity may be estimated. Levels 
of building activity were ·combined .. with the 
values of tons per acre per year in Table 18-35 
.to do this. Census data for 1950 and 196021 were 
used to assemble data on housing units. Hous
ing units were translated into average annual 
acreages of land developed in the metropoli
tan complexes. 

The census data revealed the total number 
of housing units built between 1940 and 1960. 
Also, the number of single family units and 
that o[ multiple family units could be deter
mined. ·From these fiiures, the aver.age an
nualnqmber of new single and multiple dwell
ing units was determined. The assumptions 
were made that four single dwelling units re
quire one acre of land and 12 multiple units 
require one acre ofland, By dividing.the aver
age annual number of single and multiple 
dwelling units by 4 and 12 respectively, the 
average annual acres ·of land used for new' 
housing was determined. There was confusion 
as to what constitutes multiple dwelling units, 
but this was partly cleared up. A large number 
of duplex houses could have been multiple 
units, which would have caused an underes
timate of the acres of land used for multiple 
units. However, reference to the 1968 residen
tial construction12 in the Detroit region re
vellls that only one-half of one percent of the 
housing units built in 1967 in the Detroit re
gion were duplexes. Therefore, duplexes do 
not involve a large eriough segment of the 
total residential construction to cause sig
nificant erl'or'in the·e·stimates of ac·res. 

For an example of'how the acreage figures 
for new housing .units -wire i!ompu'.ted, let uS 
use Grand Rapids·. The census data showed 
Grand Rapids had 34,060 new single dweflings 
and 10,357 multiple units be.tween 1940 and. 
1960. These figures divided by 20 give an a'ver
age annual rate of 1,703· single units and 518 
multiple units for this period. T\Iese figures 
divided by 4 and 12 respectively, give a total of . 
469 acres ofland developed for housing as an 
average for each year between 1940 and 1960. 



Vrban development not only involves new 
housing, but also new .associated urban 
facilities such as shopping centers, schools, 
industrial parks, and.roads. Areas developed 
with ·these associated facilities are stripped, 
graded, and generally denuded of cover simi
larly to the housi_ng developmeµts. An at
tempt was made to determine a realistic ratio 
between acres of housing development and as
sociated facilities. Several land use studie.s of 
urban areas were consulted. Land use is re
ported in different ways by different studies, 
and it is difficult to relate one study to 
another. Generally the studies consulted indi, 
cated ratios between acres of housing to acres 
of associated facilities of 1.0:0.65 to 1.0:1.0. For 
this study of urban erosion, a conservative ap
proach was used and the value of 0.65 was 
chosen to estimate the present and future 
acres involved in associated facilities. 
. Table 18-35 summarizes the computations 

made for the metropolitan complexes. Esti
mated average annual acres ofland developed 
for housing and for associated facilities are 
shown. The acreage figure in column 6 of the 
table, multiplied by the average annual tons 
per acre shown in column 3, Table 18-34, gives 
an estimate of the past average annual tons of 
erosion. from urban development activity. The 
Office of Business Economics, U.S. Depart
ment of Commerce has supplied indexes of 
projected ·population growth through the 

• Economic and Demographic Studies Work 
Group.4 These are summarized in Table 
18-36. The OBE Economic Areas vary geo
graphically to some extent from the metropol
itan complexes, but realistic projections still 
should be similar. • 

The projections shown in Tables 18-37 and 
18-38 are based upon the OBE projections of 
population growth (OBE Indexes, Table 18-
36). A direcfrelationship was assumed to· exist 
between population growth and the. need for 
urban land for the development of housing 

1 and associated facilities. This relationship is 
based upon the historical period 1940 to 1960. 

The values in column 6 of Table 18-35 are 
estimates of the average annual number of 
acres of currently developed housing, street, 
school, commercial, and industrial uses in the 
1.8 metropolitan ~omplexes .. These uses nor
mally undergo developmen't that exposes 
large· areas of land to accelerate.cl erosion. 
Thus, values in column 6 are·. the i,.cres on 
which erosion control practices ar!l needed. 
Currently, 42,000 acres of land are exposed 
annually to this erosion. Table 18-37 gives pro
jections of the annualrate of new land exposed 
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for 1980, 2000, and 2020. This rate of exposure 
more than doubles by the year 2020. Thus, the 
need for design techniques and erosion control 
practices will need to be applied to ever
increasing acreage to help control 
downstream sedimentatio.n damagE!. 

Table 18-38 summarizes the curre.nt esti
mated average annual erosion from urban de
velopment activity in the metropojitan com
plexes. This average annual erosion (in tons) is 
the product of the figures in.column3 of Table 
18-34 and column 6 of Table 18-35. Based upon 
this approach, the· total potenti•al for eroded 
material will more than double for the Great 
Lakes Basin by the year 2020. 

The information developed in this study in
dicates that approximately 7.0 million tons of 
soil material erode each year from current 
building and construction activity within the 
major metropolitan complexes of the Great 
Lakes Ba.sin. If 80 to 90 percent of the 
economic growth of the Region is around these 
complexes, . then another 10 to 20 percent 
should be added to these figures to include all 
urban development activity in the Basin. 
Urb;m area development will produce an in
creasing amount of sediment and ever
increasing hazards to downstream resources; 
Therefore, there is a crucial need for effective 
erosion control practices. 

6-4 The Disposition of Eroded Soil Material 

The disposition of the soil material 
downstream from the urban development 
sites is complex. Much of the material is trap
ped locally on streets, in streams, and in ponds 
and lakes. Much of the material moves farther 
downstream and is deposited on flood plains, 
in channels, .and in the Great Lakes them
selves. Damages are then incurred from the 
sources of the sediment to the Lakes them
selves. The percentage of eroded material de
livered to downstream points (delivery ratios) 
is treated in the section on sediment produc
tion. The general guidelines of sediment deliv
ery apply to sediment from both urban lands 
and open rural lands. 

6.5 Solids from Sonrces Other than Erosion 

Waste solids come from other sources than 
erosion. For example, storm water picks up 
various wastes from established urban areas, 
ranging from settled dust and ash to solid de
bris. Solids from municipal treatment plants 
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and other waste disposal from municipal and 
industrial sources are also picked up. Recent 
studies have shown . that dust is deposited 
from the atmosphere at rates ranging from 10 
to 3,600 pounds per acre monthly in the area 
east of the Rocky Mountains. Much of this 
dust is carried off with runoff water in the 
urban areas. 

The quantities of solids from these various 
urban nonerosion sources appear to be quite 
significant. Fly ash from steel mills is ·abun
dant enough to require-dPedging in adjacent 
navigation channels in some· instances. Dust 
from other industrial processes, such as cement 
making and certain.chemical processes, is also 
abundant. Dust settling from the burning of 
organic fuels also contributes solids. Solids in 
sizeable quantities result from a wide variety 
of sources ranging from mud carried on au
tomobiles and organic debris from tree leaves 
and grass trimmings, to children's backyard 
sand boxes and discarded litter. 

There are no research data available on the 
quantity of solids resulting from these other 
nonerosion urban sources that reach the local 
water resources. Some indication of the vol
ume of solids may be illustrated by data from 

the Cleveland and Detroit areas. The. d_is
crepancies between both measured suspended 
sediment and estimated sediment production 
and annual dredging quantities are pointed 
.out in Section 8. 

Measured data at Independence, Ohio, on 
the south side of Cleveland, show an average 
annual load of approximately 200,000 tons of 
suspended solids carried by the Cuyahoga 
River. Dredging rates along the Cuyahoga 
below this point are far greater than this. The 
dredging rates on the lower River Rouge in 
the Detroit area are also far greater than es
timated erosion and sediment delivery rates 
would indicate. 

These two situations illustrate the 
phenomenon that maintenance dredging 
rates in harbor aµd other navigation channel 
facilities located within concentrated indus
trial and municipal environments reflect the 
influx of solids at a much higher rate than 
sedimentation from erosion would indicate. 
This area, solids in water resources derived 
from urban waste, needs research and evalua
tion in order to place the magnitude, sources, 
and control needs into perspective. 
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TABLE 18-35 Average Annual Acres of Land Developed for Housing and Associated Facilities 
(1940-1960) 

Average Annual 
Metropolitan Housing Units Acres of Acres of Assoc. Total 

Complex Single Multiple Housing Facilities Acres 

Duluth 1,036 381 291 189 480 

Green Bay-Oshkosh 1,687 460 460 300 760 

Milwaukee 4,890 3,593 1,522 990 2,512 

Chicago 15,259 16,591 8,010 5,204 13,214 

South Bend-Elkhart 1,914 349 507 330 837 

Kalamazoo-Battle Creek 1,645 412 445 289 734 

Grand Rapids 1,703 518 469 305 774 

Lansing-Jackson 2,213 448 590 384 974 

Bay City-Saginaw-Flint 4,176 733 1,105 718 1,823 

Detroit 20,483 9,107 5,880 3,822 9,702 

Toledo 1,876 673 525 341 866 

Fort Wayne 1,216 260 325 211 536 

Lorain-Elyria 1,274 273 341 222 563 

Cleveland-Akron 8,432 5,178 2,539 1,650 4,189 

Erie 989 409 281 183 464 

Buffalo 3,581 3,257 1,166 758 1,924 

Rochester 1,772 982 525 341 866 

Syracuse-Rome 2,079 1,136 515 335 850 

TOTAL 77,225 44,760 25,496 16,572 42,068 
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TABLE 18-36 OBE Indices of Population Expansion Index in Percent (1960 has a value equal to 
100) 

Metropolitan Area 1970 1980 1990 2000 2010 2020 

Duluth 97 101 107 114 121 128 

Green Bay-Oshkosh 109 119 133 147 165 187 

Milwaukee 120 140 165 188 216 249 

Chicago 116 129 144 159 175 196 

South Bend-Elkhart 112 122 135 147 163 181 

Kalamazoo-Battle .Creek 122 143 167 194 223 258 

Grand Rapids 113 126 141 158 177 201 

Lansing-Jackson 122 143 167 194 223 258 

Bay City-Saginaw-Flint* 116 131 150 184 209 211 

Detroit 119 137 158 175 198 225 

Toledo 111 123 138 153 171 192 

Fort Wayne 120 140 165 192 224 262 

Lorain- Elyria 110 121 136 151 168 188 

Cleveland-Akron 110 121 136 151 168 188 

Erie 103 113 124 135 148 165 

Buffalo 105 115 127 139 152 168 

Rochester 115 129 146 165 186 210 

Syracuse 110 122 137 153 170 190 

GREAT LAKES BASIN 114 128 146 162 181 205 
*Average of Bay City and Detroit OBE Economic Areas 
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.TAB.LE 18-,37 Esthnate!I Acres of New Lane! Exposed Annually by Construction Activity and 
Needing Erosion Control • • • • • • • • • • 

• Metropolitan 
Complex 

Duluth-Superior 

Green Bay-Oshkosh 

Chicago 

South Bend-Elkhart 

Kalamazoo-Battle Creek 

Grand Rapids 

Lansing-Jackson 

Bay City-Saginaw-Flint 

Detroit 

To.ledo 

Fort Wayn.e. 

Lorain-Elyria 

Cleveland-Akron 

Erie 

Buffalo 
( 

Rochester 

Syracuse-Rome 

GREAT LAKES BAS IN 

New.Acres of Land Exposed Annually 

Present 

480 

760 

2,512 

13,215 

837 

734 

774 

971 

1,822 

9,696 

866 

53.7 

.562 

4,190 

465 

1,923 

866 

850 

'42,060 

\ 

1980 

485 

904 

3,517 

17,050 

1,050 

975 

1,389 

2,386 

13,284 

1,065 

752 

680 

5,070 

525 

2,211 

1,117 

1,036 

53,481 

2000 

548 

1,117 

4 ,.144 

21, 0.10 

1,230 

1,424 

1,223 

1,884 

3,353 

16,970 

1,325 

1,0.30 

849 

628 

2,674 

1,429 

1.,300 

68,464 

2020 

615 

1,421 

6,255 

25,900 

1,515 

1,894 

1,555 

2,506 

3,844 

21,818 

1., 663. 

1,406 

1,057 

7,876 

767 

3,231 

1,819 

1,615 

86,758 
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TABLE 18-38 Estimated Potential Total Erosion from Urban Di,velopment Activity (through the 
year 2020) 

Average Annual Tons Per Year (1000s) 
Metropolitan ~ 

Complex Present 1980 2000 2020 

Duluth-Superior 76 .8 77.6 87.6 98.5 

Green Bay-Oshkosh 68.4 81.4 100.5 127 .9 

Milwaukee 314.0 439.6 590.3 781.9 

Chicago 2,642.8 3,409.2 4,202.0 5,179.9 

South Bend-Elkhart 167.4 204.2 246.0 303.0 

Kalamazoo-Battle Creek 135. 8 194.2 263.4 350.4 

Grand Rapids 147.0 185.2 232. 3 295.5 

Lansing-Jackson 136.0 194.5 263. 8 350.9 

Bay City··Saginaw-Flint 164.0 214.8 301.8 346.0 

Detroit 1,600.0 2,192.0 2,800.0 3,600.0 

Toledo 86.6 106.5 132.5 166. 3 

Fort Wayne 102.0 ,- 142.8 
~ 

195.8 267.2 

Lorain-Elyria 90.0 108.9 135.9 169 .2 

Cleve lard-Akron 817.0 988.6 1,233.7 1,536.0 

Erie 79.0 89. 3 106.7 130.4 

Buffalo 163.5 188.0 227.3 274,7 

Rochester 112.6 145 .2 185.8 236.5 

Sy r ac use-' Rome 161.5 ·197,0 247 .1 306 .9 

GREAT LAKES BASI!:l 7,064.4 9,159.,0 11,.552.5 14,521.0 



Section 7 

DISTRIBUTION AND INTENSITY OF DAMAGE FROM 
STREAMBANK EROSION 

The information oh ·stream bank erosion was 
developed in a special study on the extent and 
intensity of stream bank erosion made during 
March and April 1969.13 The study in the Great 
Lakes water resource region was the respon
sibility of the -Erosion and Sedimentation 
Work Group and was part/ of a nationwide 
study of the nature and scope of streambank 
erosion damages. The overall study was the 
responsibility of the U.S. Army Corps of En
gineers, and it came about by a directive iri the 
Rivers and Harbors Act of 1968. The Corps of 
Engineers invited other Federal and State 
agencies to participate in the study. 

7.1 Nature of Streambank Erosion 

Streambank erosion is a hydrauli'c process 
by which soil material is eroded from the sides 
of a channel either by direct abrasion, under
cutting, or sloughing, or by a combi_nation of 
these. Stream bank erosion is a natural geologic 
phenomenon by which valley development oc
curs as a result of gradual lateral widening. 
Existing flood plain land, and land along the 
valley sides, is lost or otherwise altered by 
lateral cutting and undermining. Damage re
sults from acc_elerated streambank erosion 
which hastens the loss of existing land and the 
natural resources, agricultusral improve
ments, or the urban improvements on this 
land. Damage also results from the sedimen
tation process on downstream improvements 
and on fish, wildlife, water supply, and recrea
tional resources. 

7.2 Study Procedure 

The streambank erosion study utilized a 
procedure in which streambank e·rosion was 
clas-sified as slight, moderate, or severe dam
age. Measurement of the degree of serious 
damage .immediately raises questions of in
terpretation. To some interests, a certain level 
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of -stream bank erosion may be considered 
serious, while to other interests the same level 
may appear to be slight or moderate. Types of 
resources being damaged by stream bank ero
sion vary, and- levels of damage to these re
sources also vary. Fish habitat and water 
quality are sensitive to relatively small quan
tities of sediment derived from eroding banks. 
Navigation facilities can stand much higher 
quantities. 

The term serious streambank erosion is 
used in the summaries that follow as a work
ing term to separate those areas which appear 
to have damages of sizeable proportions, i.e., 
damages detrimental to one or more of a wide 
variety of interests. Furthermore, damage by 
serious stream bank erosion warrants further 
study to determine if some form of stream
bank erosion protection is justifiable. Moder
ate streambank erosion includes those areas 
that have some damage but under present 
conditions do not appear to warrant further 
study because the installation of protective 
measures will not produce sufficient benefits. 

The U.S. Army Corps of Engineers and the 
U.S. Department of Agriculture agencies were 
the principal contributors to the study. The 
Corps' operations were mainly on the larger 
rivers, those draining more than 400 square 
miles. The Department of Agriculture com
piled the information on smaller watersheds 
and streams draining less than 400 square 
miles. 

Streams- with one-square-mile drainage 
areas were the lower limit of stream size 
evaluated for streambank erosion damage . 

. Miles of stream were determined by the use of 
drainage density values of the various land 
resource areas within the .Basin. A land re
source area is .a broad geographic zone in 
which soil and physiographic conditions are 
very similar. There are 20 of these land re
source areas within the Great Lakes Basin. 
Rates of stream bank erosion and damage de
terminations were made on the basis of local 
knowledge and the results of some project 
e'valuations. 



50 Appendix 18 

7.3 Summary of Damages 

The tables that follow summarize. the 
streambank erosion estimates for the Great 
Lakes Basin arrived at in the study. The ero
sion is summarized in bank miles (a bank mile 
of streambank erosion would be erosion con
tinuous _for one mile on only one side of a 
st_ream channel), moderate or severe damage, 
and dollar damages from land loss, sedimenta
tion and other damages. The tables also sepa
rate this damage by the two major categories 
of rivers: those draining more than 400 square 
miles, and the rivers and streams., draining 
less than 400 square miles. Further separa
tion of the data is by States and. by planning 
subareas. 

Various estimates of bank erosion through
out the Basin indicate that this erosion affects 
less than one percent of the banks in some 
areas, and as much as 15 percent of the banks 
in other areas. Analysis of.original computa
tions was made for the various segments in 
the Basin. It revealed that estimates ranged 
from 'ln average of 7tons per square mile from 
streambank to as high as 45 tons per square 
mile for streams draining less than 400 square 
miles. An average of 27 tons per square mile 
for the entire Great Lakes Basin was found. 
This value was used in another section of this 
appendix as a quantity contributing to gross 
erosion values. 

Total average annual damage from stream
bank . erosion in the Great Lakes Basin is 
$1,709,600. This occurs on 10,394 bank miles, of 
which 2,945 bank miles are considered seri
ously damaged and 7,989 miles are considered 
moderately damaged. 

The figures on stream bank erosion indicate 
that nearly 125 acres of land in Michigan are 
gnawed away by this erosion yearly. The Wis
consin part of the Basin loses 30 acres each 
year, and the Ohio part loses 65 acres. Stream
bank erosion contributes more than 600 acre
feet of sediment to the streams in Michigan 
each year, 170 acre-feet in Wisconsin, and 325 
acre-feet in Ohio. These land losses, plus those 
from the. other States, are the acreage loss 
values upon which the dollar damages shown 
iri Land Loss in Tables 18-39 through 18-42 
were based. These values were arrived at by 
economic evaluation procedures. 

TABLE 18-39 Streambank Erosion . Along 
Rivers and Streams Draining Less Than 400 
Square Miles-by State 

Bank Miles 
of Damage Annual Damage--Dollars 

State Moderate Severe Land Loss Sedimentation Other 

Minnesota 131 33 1,900 500 1,300 
Wisconsin 987 229 37,500 7,400 40,400 
Michigan ), 166 2,018 262,300 120 ,soo 123,200 
Illinois 36 7 13,800 600 13,800 
Indiana 277 49 40,700 29,900 4,600 
Ohio 898 126 21,900 44,800 5,700 
Pennsylvania 180 3 500 1,300 
New York 1,398 __!_ZQ_ 14 700 19,100 7,900 

Total 7,073 2,635 393,300 224,100 196,900 

TABLE 18-40 Streambank Erosion Along 
Rivers and Streams Draining More Than 400 
Square Miles-by State 

Bank Miles Annual Dam!i!,g~ -[!Ql lia:~ 
State of Damage Land Loss Sedimentation Other 

Minnesota 0 
Wisconsin 160 102,000 34,200 
Michigan 720 14,700 43,700 
Illinois j 1,100 
Indiana 
Ohio 190 13,800 3li6, 300 
Pennsylvania 
New York ~ 71 700 230,000 38 000 

Total 1,226 203,300 654,000 38,000 

TABLE 18-41 Stream bank Erosion Along 
Rivers and Streams Draining Less Than 400 
Square Miles-by Planning Subarea 

Bank Miles 
Planning of Damage Annual Darnage--Dollars 

Subarea Moderate Severe Land Loss Sedimentation Other 

1.1 313 154 13,300 3,500 15,900 
1. 2 591 315 112,300 95,200 12,400 

2.1 1,104 109 27,000 4,700 28,000 
2. 2 70 18 15,000 800 15,300 
2. 3 481 272 35, 700 13,400 15,900 
2. 4 592 540 34,900 10,900 32,800 

3.1 368 224 24,800 7,600 22,700 
3. 2 582 388 41,500 8,600 _21,700 

4.1 496 316 34,700 6,900 16,200 
4. 2 651 82 27,100 34,100 5,400 
4. 3 276 45 11,900 18,000 2,300 
4. 4 291 28 2,000 2,700 1,300 

5 .1 2'4 25 3,000 3,800 1,600 
5. 2 674 67 7,600 9,600 3,800 
5. 3 340 52 ~.soo ~ 1,600 

Total 7,075 2,635 393,300 224,100 196,900 



TABLE 1s.:.42 Stream bank Erosion Along 
Rivers and Streams Draining More Than 400 
Square Miles-by Planning Subarea 
Planning Bank Miles Annual Damage--Dollars 
Sub area of Damage Land Loss Sedimentation Other 

1.1 15 
1.2 42 300 900 
2,1 145 102,000 34,000 
2.2 3 1,100 
2.3 312 6,600 19,800 
2.4 144 2,900 8,700 

3.1 50 1,900 5,700 
3.2 97 1,900 5,800 

4.1 75 1,100 2,800 
4.2 155 6,300 44,300 
4.3 35 7,500 302,000 
4,4 44 22,000 19,000 20,000 

5.1 42 26,200 200,000 
5.2 42 18,000 20,000 10,000 
5.3 _& 5 500 s,ooo 

Total 1,226. 203,300 654,000 38,000 

7.4 General Discussion of Damages 

Research on the Pine River,5 a tributary to 
the Manistee River in Michigan, shows a total 
of 16,000 bank feet of stream bank erosion oc
curred at 200 locations along a 26-mile reach of 
river. This is one of the highly susceptible • 
areas. It is an example of a stream in a forest, a 
sport fishing and other recreation center. The 
sediment damages fish habitat and has detri
mental effects on wildlife. The detrimental ef
fects of sediment on fish and their habitat in-
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volve: reduced survival of fish eggs; poor 
bottom-spawning types; reduced aquatic fau
na; less fish shelter because holes are filled in; 
and harmful effects of prolonged turbidity. 
The natural beauty of the stream is defaced by 
the raw bank cuts, which affect the aesthetic 
value of the stream to canoeists and others 
who view these areas. To date, no economic 
value has been placed upon this aesthetic as
pect. 

This form of erosion decreases the capacity 
of reservoirs .. and contributes to overflow sed
iment damage to crops and cropland, urban 
installations, and other facilities. Although 
the overall contribution of sediment derived 
from stream bank erosion is a minor part of the 
total sediment resulting from all types of ero
sion in the Basin, there is an important aspect 
that should be considered. This is the role that 
streambank erosion plays in present levels of 
water quality and its potential future role in 
this area. 

The effects on water quality are particularly 
noticeable in the developing urban areas. 
Urban development leads to increasing runoff 
from housetops, parking lots, streets and 
other hard surfaces. These conditions are dif
ferent than agricultural r,unoff and erosion 
conditions. The increased runoff could lead .to 
degrading channels with.increased bank cut
ting and sloughing. This increase of sediment 
from eroding streambanks in the urban envi
ronment could become a major source of sedi
ment in the streams and a serious pollution 
threat as a carrier of contaminants. 
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Section 8 

SEDIMENT CONCENTRATION IN HARBOR, PORT, AND 
NAVIGATION CHANNEL FACILITIES 

- Dredging-is done·pe-riod-icaclly in U5 harbors 
within the Great Lakes.Basin. Approximately 
10.8 million cubic yards of sedimentary mud, 
sludge, and other materials are dredged an
nually to maintain these harbors and port 
facilities. These materials may be classed in 
three major categories of origin: 

(1) those· materials that are deposited. di
rectly by inflow from contributing rivers and 
streams and are the product of soil erosion and 
the collection of other waste in runoff water 

(2) those materials that are redistributed 
from bottom areas within the harbors and de
posited in channels or turning basins 

(3) those materials originating as waste 
from inflow or dumping from municipal and 
industrial sources. Lake Erie ports require 
the greatest amount of dredging, 6. 7 million 
cubic yards annually. Lake Michigan harbors 
require 1.9 million cubic yards; Lake Huron, 

• LO million; Lake Ontario, 0.5 million; and Lake 
Superior, 0.4 million cubic yards of mainte
nance dredging annually. 

8.1 Role of Sediment Inflow 

The analysis of the role of direct sediment 
inflows and their influence on maintenance 

• costs of navigation faciliHes can only be ex
. pressed in general terms. Rivers and sur

rounding land areas contribute substantial 
quantities of solids to the harbor areas annu
ally. This sedimentary material is transported 
by the streams and rivers both as a suspended 
load and as a bed load. 

Land erosion in the Great Lakes Basin pro
duces approximately 165 million tons of 
eroded soil materials annually. The distribu
tion of this eroded soil is complex, and variable 
quantities are deposited at downstream loca
tions. A considerable quantity is deposited 
into the Lakes each year. It is not known how 
much eroded soil material reaches the Lakes 
each year, how much is deposited in the harbor 

• • ·areas·,· or· how much -redistribution· of· oJ-der· 
sedimentary materials adds to maintenance 
dredging costs. Each harbor will vary depend
ing on its characteristics of currents, flows, 
size and depth, and the influence of littoral 
drift. In the long run, the accumulation of 
waste products of erosion and other solid dis
charge is the total source of new materials in 
the harbors that must be removed in order to 
maintain shipping. 

8.2 Dredging Costs 

The determination of maintenance.dredg
ing costs is complicated by many factors. The 
prese·nce of sedimentary materials in the har
bor areas which are redistributed by currents, 
cross gravity flows, and by littoral drift make 
it extremely difficult to analyze sources. 
Changing port facilities such as enlarged and 
extended navigation _channels or turning ba
,sins may require a greater amOunt Of mainte
nance dredging. This complicates longtime 
analysis of harbor sedimentation. 

Quantities of dredging depend upon volume 
of shippi!J.g and draft requirements of the in
dividual harbor. Large volume harbors gen
erally have mo"re ~hannels_ to _maintain. Some, .. 

• • times only partial dredging jobs are done at 
one time, and these may be confined to certain 
parts of the harbor. Records of individual 
dredging jobs could give misleading impres
sions as to the amount of harbor sedimenta
tion. 
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Dredging costs vary widely in cost per cubic 
yard of material. The size of the individual 
dredgingjob is a factorin cost per cubic yard. 
The length of haul and the method of disposal 
are also important factors in costs. Records of 
dredging costs on 35 major harbors on the 
Great Lakes indicate an average cost of 
maintenance dredging of approximately $0.60 
per cubic yard under present dredging 
methods. An analysis oflongtimc average an-
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nual costs of maintenance dredging requires 
an extensive search in order to relate these 
costs to other factors. 

8.3 Cleveland Harbor 

Cleveland Harbor, Ohio, receives the 
greatest amount of maintenance dredging of 
any of the navigation facilities on the Great 
Lakes, with average annual maintenance 
dredging amounts of 1,220,000 cubic yards. 
Approximately 60 percent of the material 
dredged comes-• from channels along the 
Cuyahoga River upstream from its mouth. 
The remainder comes from the outer harbor. 
The dredged material is expressed in terms of 
cubic yards, but no data are available on the 
average dry density of this material. If the 
density of this material were 45 to 50 pounds 
per cubic foot (a reasonable volume-weight for 
material deposited in this environment), then 
the 1.22 million cubic yards would weigh ap
proximately 800,000 tons. 

The longtime measured data on sediment 
carried by the Cuyahoga River (USGS station 
at Independence, Ohio) is approximately 
200,000 tons per year. On this basis, the 
dredged material would amount to four times 
the annual sediment inflow. This illustrates 
the discrepancies that emerge in attempting 
to relate sediment yield to dredging volume. 
Reasons for this discrepancy can only be 
speculated upon. The assumed density of the 
dredged material could be far too high; the 
readings may not be representative because 
the station at Independence is several miles 
above the main harbor area, or large quan
tities of industrial and municipal waste such 
as fly ash from the steel mills in this harbor 
area could be ,introduced to ·the Cuyahoga 
River. 

8.4 Toledo Harbor 

Toledo Harbor, Ohio, receives the second 
largest amount of annual maintenance dredg
ing of the Great Lakes harbors, 1,120,000 cubic 
yards. An average dry volume weight of 50 
pounds per cubic foot would make this amount 
of dredged material weigh approximately 
750,000 tons. The longtime measured sedi
ment load of the Maumee River at Waterville, 
Ohio, is 1,179,000 tons. These figures indicate 
that average dredging figures approximate 
sediment yield, considering that all the sedi
ment load would not be deposited in the har-

bor, but some of the fine-grained sediment 
would be carried farther out into Lake Erie. 
However, this is only speculation and the 
reasons for the relative closeness of the 
dredged values and the measured sediment 
yields could be merely coincidental. 

8.5 River Rouge 

The River Rouge, Michigan, navigation 
facilities have average annual maintenance 
dredging of300,000 cubic yards per year. With 
an assumed dry weight of 50 pounds per cubic 
foot, this volume of dredged material would 
weigh approximately 200,000 tons. This is 
several times the estimated yield of sediment 
from land erosion in the River Rouge 

- watershed. The River Rouge harbor, like the 
Cleveland harbor, has an intense concentra
tion of heavy industry and other urbanization 
within its contributing area, and could show 
the influence of large quantities of waste sol
ids from municipal and industrial sources, in 
addition ·to soil materials from land erosion. 
This is a possible explanation for the discrep
ancy between dredge q!}antities and esti
mated sediment source. It illustrates further 
the lack of knowledge and understanding of 
the actual amount of solid material that origi
nates from highly developed urban-industrial 
watershed areas. 

The records show that 126,000 cubic yards 
were dredged from the River Rouge harbor in 
1948. This increased to 259,000 cubic yards in 
1958, and to 342,000 cubic yards in 1967. Sev
eral speculative explanations could be given 
for the gradual increase to an average annual 
figure of 300,000 cubic yards. Harbor facilities 
could have been enlarged and deepened, and 
maintenance dredging requirements may 
have increased. The increase could be due to 
the gradual increase of inflow of solid waste 
because oJ extensive urbanization and in-

. creased industrial activity in the watershed. 

8.6 Monroe Harbor 

Monroe Harbor; Michigan, is dredged of 
176,000 cubic yards annually. The watershed 
above this harbor is largely agricultural and 
has an estimated sediment production of ap- ' 
proximately 100,000 tons per year. The annual 
dredging would amount to approximately 
120,000 tons per year. The effects on sediment 
deposited in Monroe harbor from the City of 
Monroe and the industry concentrated in this 



area are unknown. The percentage of the in
flow of sediment that deposits in the harbor· 
from land erosion upstream is also unknown. 
The harbors that have contributing rivers 
that reflect predominantly agricultural runoff 
characteristics show correlation between 
dredging quantities and_ sediment production, 
but this again is merely a general statement, 
subject to much variation. 

8. 7 Other Harbors 

The following table (Table 18-43) lists the 
various harbors and ports where significant 
dredging is done periodically for maintenance. 
This list is included with discussion of the role 
of sedimentation in dredging operations to il
lustrate both the amounts of sediment that 
accumulate in navigation facilities and the 
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wide scope of dredging needs within the Great 
Lakes Basin. 

The dredging data, in cubic yards, are ex
pressed as average annual cubic yards where 
this information was available. However, for 
many harbors only data on occasional, 
periodic dredging were available. 

8.8 Dredging and Water Quality 

Contemporary concerns for problems of en
vironment preservation ·and' pollution of 
water have·raised questions about past dredg
ing practices. In the past U.S. Army engineers 
have deposited the 10.8 million cubic yards of 
annual dredged material in open-lake disposal 
areas. These areas are located near enough to 
the various Great Lakes harbors to be conven
ient and to minimize hauling costs, yet they 

TABLE 18-43 Maintenance,Dredging in Great Lakes Harbors 
Harbor or Other Average Annual 
Navigation Facility Cubic Yards 

Duluth-Superior 

Port Wing, Wisc. 
, Cornucopia, Wisc. 

Ashland, Wisc. 
Ontonagon, Mich. 
Menominee, Mich. 
Keweenaw Channel 

Grand Marais, Mich. 
Oconto, Wisc. 
Sturgeon Bay, Wisc. 
Green Bay, Wisc. 
Kewaunee, Wisc. 

Two Rivers, Wisc. 
~anitowoc, Wisc. 
Sheboygan, Wjsc. 
Milwaukee, Wisc. 
Racine, Wisc. 
Kenosha, Wisc. 
Waukegan, Ill. 
Chicago River 
& Harbor 
Calumet R. & H. 
Indiana Harbor 
Michigan City, Ind. 
St. Joseph, Mich. 
S6uth Haven, Mich·. 
Saugat'uck, Mich. 
Holland, Mich. 
Grand Haven, Mich. 
Muskegon, Mich. 
Pentwater, Mich. 
Ludington, Mich. 
Manistee, Mich. 
Portage Lake, Mich .. 

70,000 

5,000 

30,000 

55,000 

16,000 

137,000 

51,000 
43,000 
23-,000 
70,000-
30 ,000 
29,000 
32,000 

108,000 
200,000 
151,000 

48,000 
100,000 

16,000 
55,000 
40,000 
50,000 

105,000 
70,000 
55,000 
60,000 
20,000 

Periodic Cubic Harbor or Other Average Annual 
Yards and Year Navigation Facility Cubic ·Yards 

150,000 
126,000 

87,000 
17,000 

3,000 
9,800 

20,000 
41,000 

7,000 
54,000 
37,000 

16,600 
30,000 

24,000 
12,000 

(1948) 
(1958) 
(196 7) 
(1948) 
(1948) 
(1958) 
(1948) 
(1948) 
(1948) 
(1948) 
(1958) 

(1948) 
(1948) 

(1948) 
(196 7) 

Frankfort, Mich. 
Leland, Mich. 
Traverse City, Mich. 
Charlevoix, Mich. 
Manistique, Mich. 
Mackinaw City, Mich~ 
Cheboygan, Mich. 
Alpena, Mich. 
Saginaw River 
Bay Port, Mich. 
Port Austin, Mich. 
Harbor Beach, Mich. 
Lake St. Clair 

(channels) 
St. Clair River 
Black River 
Belle River 
Clinton River 
D~troit .RJyer 
River Rouge 
Monroe, Mich. 
Toledo, Ohio 
Sandusky, Ohio 
Huron, Ohio 
Lorain, Ohio 
Cleveland, Ohio 
Fair Port, Ohio 
Ashtabula, Ohio 
Conneaut, Ohio 
Erie, Penn. 

.Dunkirk, 
1
N.Y. 

Buffalo Harbor & 
Black Rock Channel 

Roche?ter, N.Y. 
Oswego, N.Y. 

10,000 
15,000 

1,000 
30,000 
40,000 

4,000 
10,000 

8,000 
600,000 

6,cao 
8,000 

35,000 

200,000 
200,000 

3,000 
1,000 

20,000 
80_0 ,0_00 
300 ,ODO 
176,000 

1,120,000 
600,000 
200,000 
300,000 

1,220,000 
400,000 
220,000 
100,000 
300,000 

625,000 
360,000 

80,000 

Periodic Cubic 
Yards and Year 

9,00Q (1958) 
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are removed sufficiently to. avoid interference 
with water intakes, beaches, and other 
facilities. 

The material be(ng dredged from channels 
and harbors is becoming increasingly noxious 
as population and industrial activity increase. 
Many contend that the removal of the polluted 
dredgings from the navigation channels and 
harbors and disposal iri open-lake areas con
stitutes a moving of polluted material into 
hitherto uncontaminated sections of the 
Lakes. However, many questions remain as to 
what effect the polluted material has on lake
water quality, and what the limnological ef
fects are. 

In 1966, the U.S. Army Corps of Engineers 
proposed to build diked enclosures at the 15 
most polluted harbors in the Great' Lakes. 
Prior to further consideration of this proposal, 
a broad-based pilot study was undertaken in 
cooperation with other agencies to investigate 
the whole dredge disposal problem on the 
Lakes.14 The study took approximately two 
years. 

This pilot study was done under the general 
supervision of the Buffalo District, Corps of 
Engineers, and included a variety of ap
proaches. A board of consultants was engaged 
to advise, and to evaluate results. Extensive 
sampling studies were made, methods of treat
ing dredged material were studied, methods of 
flocculating suspended solids were investi
gated, and possible sites for diked disposal 
areas were located and evaluated. 

The following are some of the findings and 
conclusions of the pilot study: 

(1) As in all problems of this complex na
ture, no single solution to dredge-disposal can 
be laid down for all the Lakes and their har
bors. 

(2) The removal and stirring up of sedi
ment in harbors has little significant effect on 
the environment of the harbor. Removal of 
this material may occasionally be beneficial to 
the bottom environment. 

(3) The effect of open-lake dredge dumping 

remains in question. The board of consultants 
acknowledges that in-lake disposal of heavily 
polluted dredgings must be presumed unde
sirable because of long-term effects on the 
ecology of the Great Lakes, as evidenced by 
the results of bioassay tests. 

(4) Treatment of dredged material may be 
effective, but it is costly in relation to conven
tional open-lake dispo.sal. 

(5) Disposal in diked areas is also very cost
ly. In 35 harbors studied, the cost of diked dis
posal was 3½ times the cost of conventional 
open-lake disposal. 

(6) Diked disposal areas are effective in 
preventing sediments from reaching open 
waters. However, diking raises other prob
lems such as damage to wildlife in marshy 
areas or to the environment of other areas 
selected for disposal sites.· 

(7) The benefits of halting open-lake dis
posal are not measurable and remain intangi-
ble. . 

(8) Dredgings form only a small part of the 
sediment arid pollution problem. It is esti
mated that only eight percent of the sediment 
and dissolved solids that enter Lake Erie 
reach the Lake by dredge. Presumably, if this 
dredged material were placed in diked areas, 
pollution to Lake Erie would be reduced by 
approximately the same magnitude. This 
value is less in the other Lakes. 

(9) Dredging. equipment and procedures 
can be improved to mitigate some of the ad
verse effects of open-lake disposal. Turbidity 
can be minimized by improved dumping 
techniques. 

The general conclusions from the pilot 
study on dredging and water quality problems 
say that a 10-year program to deposit polluted 
dredgings in diked areas may be desirable in 
35 harbors where polluted sediment exists. 
Also, present knowledge indicates that open
lake disposal of non polluted dredgings can be 
safely continued. Finally, studies should be 
continued-to.explore a number of areas where 
research is needed. 



Section 9 

MEASURED SEDIMENTATION DATA 

9.1 Survey of Available Data on Suspended 
,Sediment 

A common technique for measuring sedi
ment concentration and movement uses water 
samples collected at stations located along the 
watercourses. These stations have gauged 
cross-sections in which flow in cubic feet per 
second can be determined by use of flow depth 
measurements. Concentrations of sediment in 
parts per million can be determined from 
analysis of the water sample. This concentra
tion can then be related to flow rates. If suffi
cient data are collected, relations can then be 
worked out using flow duration data to rate 
the particular stream or river for total sedi
ment transport. 

The above method is the most reliable 
means of determining total sediment yields. 
However, reliability is a function of the accu
racy of the cross-section rating, the frequency 
of sampling, and the method ofcollecting sam
ples. It is costly to obtain these data on a con
tinuous or even frequent basis. For this 
reason, continuous data collection is generally 
confined to key study locations where data are 
collected for specific purposes. Much of the 
suspended sediment data in the Great Lakes 
Basin are collected on a periodic, occasional, 
and infrequent basis. For this reason, longtime 
average sediment concentrations have. only 
been worked out at a few locations to date. 
These locations are indicated in Figures 18-2 
through 18-15 in Section 2. • 

Most of the sampling of suspended sediment 
in the Great Lakes Basin has been done by the 
U.S. Geological Survey, the Federal Water 
Pollution Control Administration (now the 

.Environmental Protection Agency), the 
Bureau of Commercial Fisheries (now the U.S. 
Fish and Wildlife Service), and the U.S. Army 
Corps of Engineers. Streams in the Great 
Lakes Basin range from a. few parts per mil
lion concentration of suspended solids up to . 
several hundred parts per million. At some 
locations, the concentration of suspended sol
ids occasionally rises to much higher levels 
where flash runoff conditions remove soil from 

57 

bare cultivated land or from local construction 
sites where cover has been removed. 

The concentration of suspended solids also 
reflects the presence of upstream surface in
flow of waste solids, solids from municipal 
sewage treatment plants, other municipal and 
industrial waste, and mine washings. Table 
18-44 lists the locations of sites where sus
pended sediment sampling is currently being 
done. The frequency of sampling and the 
length of record are also shown.• 

TABLE 18-44 Sediment Sampling Locations 
Length Frequency 

Stream or River Location of Record of SamEling 
St. Lawrence R. Massena, N.Y. 
Lake Erie Buffalo, N,Y, 
Cuyahoga R. Independence, 

Ohio Since 1950 Continuous 

Portage R. Oak Harbor, 
Ohio 

Sandusky R. • Fremont, Ohio 
Maumee R. Waterville, 

Ohio Since 1950 Continuous 
St. Marys R. Fort Wayne, 

Ind. Since 19 53 Continuous 

Raisin R. Monroe, Mich. Since 1966 Daily 
Detroit R. Detroit, Mich. Since 195 7 Weekly 
Detroit R. Gibraltar, 

Mich. Since 1966 Continuous 

Clinton R. Fraser, Mich, Since 1966 Periodic 
st. Clair R. Port Huron, 

Mich. Since 1966 Weekly 
Black R. Fargo, Mich. Since 1966 Periodic 

Cass R. Frallkenmuth, 
Mich. ,Since 1966 Periodic 

Shiawassee R. Owosso, Mich. Since 1966 Periodic 
Rifle R. Sterling, 

Mich. Since 1966 Continuous 

s,. Marys R. Sault Ste. 
Marie, Mich. Since 1959 Weekly 

Michigamme R. Witch Lake, 
Mich. Since 1964 Daily 

Pine R. Hoxeyville, 
Mich. Since 1966 Weekly 

Popple R. Fence, Wis. Since 1963 Continuous 

Brule R. Florence, Wis, Since 1964 Occasional 
Menominee R. Pembine, Wis. Since 1964 Occasional 
Little Wolf R. Roy3.lton, Wis, Since 1963 Occasional 

Sheboygan R. Sheboygan, 
Wis. Since 1963 Occasional 

Milwaukee R. Milwaukee, 
Wis. Since 1963 Occasional 

Root R. Franklin, Wis. Since 1964 Occasional 
Root R. Racine, Wis, Since 1964 Occasional 
Elkhart R. Goshen, Ind. Since 1963 Continuous 
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In addition to these sampling statipns, the • 
Soil Conservation Service conducted a study 
of suspended sediment in southeast Michigan 
(Planning Su barea 4.1). This study, a part of 
the Southeast Michigan Water Resources 
Study, was made at 18 sampling points on 
south Michigan tributaries. Sampling was 
done monthly and sometimes semimonthly for 
a two-year period. Locations of the sampling 
points are listed in Table 18-45. 

9.2 Rates of Sedimentation in Reservoirs 

Water impoundments located .along water
courses receive inflow of solids through 
sedimentation. The rates of accumulation of 
these solids are related to many factors such 
as the size of the drainage area above the im
poundment, the rates of soil erosion, input of 
other solids, and shape, slope, and other relief 
characteristics. Another important factor is 
the amount of inflow and its relationship to 
the capacity-inflow ratio (see Glossary). 

Rates of sedimentation in reservoirs vary 
widely throughout the United States. The 
wide variations in erodibility of soils and 
climatic conditions plus variations in land 
cover demand versatility in reservoir design 

TABLE 18-45 Sampling Locations-South
east Michigan Water Resources Study 

Stream 
or River 

Raisin R. 
Raisin R. 

Saline R. 
Stony Creek 
Huron R. 

Rouge R. 
Rouge R. 
Rouge R, 

Mill Creek 
Huron R. 
Clinton R. 
Clinton R. 
North Br. 
Clinton R. 

Belle R. 
Pine R. 
Mill Creek 
Black Creek 
Black Creek 

Michigan 
Location 

Near Adrian 
At Dundee 

Near Azalia 
Near Monroe 
Near Flat Rock 

Inkster 
Near Garden City 
Near Livonia 

Near Dexter 
Hudson Mills 

Yates 
Near Mt. Clemens 

Near Mt. Clemens, 
Near Adair 
Near St. Clair 
Near Ruby 
Near Fargo 
Near Applegate 

to provide for sediment accumulation. Gener
ally, climate, soils, relief, and other charac
teristics of the Great Lakes Basin maintain 
lower sedimentation rates than in other re
gions of the United States. However, these 
lower rates do not minimize the problem of 
reservoir sedimentation. The reasons involve 
the effects of sedimentation on water quality 
and the chemical and biological factors in
volved, as well as the physical loss of capacity 
in the reservoir. Thus, loss of capacity is only 
one., aspect of damage to reservoirs from 
sedimentation. Nutritional qualities of inflow 
affect the rate of growth of organic matter. 
Organic sediment is a prominent problem 
throughout the Great Lakes, and it is a major 
source of capacity loss of impoundments. 

Reservoir sedimentation surveys are made 
by use of sampling techniques. All methods 
involve systematic measurement of water and 
sediment depth either on ranges or by some 
random distribution of sampling locations. 
The end result of a survey is the expression of 
loss of original reservoir capacity in terms of 
acre-feet or percentages. A commonly used 
technique is described in a technical guide 
prepared by the U.S. Soil Conservation Ser-
vice.19 • 

Periodic resurveys are made on many reser
voirs to keep up to date on total loss of capaci
_ty, the changing rates of accumulation, and 
the distributions and densities of the sediment 
in reservoirs. Many reservoir sedimentation 
surveys are made on a scattered, random basis 
in order to determine sedimentation rates for 
different physiographic regions under varied 
climatic, soil, cover, and relief conditions. 

Table 18-46 summa-rizes 1970 data on reser-
·. voirs located within the Great Lakes Basin. 
These data were obtained from a published 
source,15 a special study made recently in 
southeast Michigan, and from personal com
munications updating surveys made since 
1965. The last four columns in these tables 
give the net sediment-producing area in 
square miles, the current storage capacity in 
acre-feet, total sediment accumulation· in 
acre-feet, and the average annual accumula
tion of sediment in acre-feet. 

Table 18-46 indicates the total original 
water capacity of the 49 surveys listed was 
262,000 acre-feet. Approximately 37,500 acre
feet of capacity have been lost to sediment to 
date. This represents an average capacity loss 
of approximately 14 percent on all reservoirs 
which range in age from a few years to more 
than 100 years. The average rates of sediment 
accumulation vary from a fraction of one per
cent to several percent per year. 



Measured Sedimentation Data 59 

TABLE 18-46 Reservoir Sedimentation Surveys in the Great Lakes Basin-To 1970 

Net Total Avg. 
Nearest Date Drainage Storage Sediment Sediment 
Town - of Area Capacity Accum. Accum. 

Reservoir State Survey Sq. Mi. Ac.-Ft. Ac. -Ft. Ac.-Ft. 

Lake Rockwell Kent, Ohio Aug. 1914 124.1 7,423 
Aug. 1950 6,887 536 14.88 

Babb Pond Richfield, 1932 0.02 0.245 
Ohio Apr. 1951 0.189 0.056 0.003 

Basom Pond Huds9n, Ohio 1944 o. 32 3.87 
Apr. 1951 3.24 0.63 0.096 

Chris teller Pd. Parma, Ohio 1940 0.09 3.40 
Apr. 1951 2.79 0.61 0.055 

Schoenbeck Pd. Richfield, 1940 0.03 1.48 
Ohio Apr. 1951 1.29 0.19 0.017 

East Branch Burton, Ohio 1939 16.88 4,659 
Jun. 1949 4,535 124 12.4 

Centerville Aurora, 1855 10.38 86.3 
Mills Ohio 1949 38.3 44 0.468 

Grand Celi_na, Ohio 1844 93 130,175 
Aug. 1940 106,605 23,570 245.5 

Goller Pd. Defiance, Mar. 1945 0.024 9.5 
Ohio Aug. 1951 9.4 0.1 0.015 

Auglaizer Defiance, 1912 2,326 14,400 
Power Ohio 1951 11,600 2,800 71.75 

Eagle Creek Defiance, 1912 5.2 129 
Ohio Jul. 1951 74 55 1.41 

Beetree Creek Defiance, 1912 1.91 148 
Ohio Aug. 1951 104 44 1.13 

Batt Pond Defiance, Apr. 1947 0.012 2.6 
Ohio Jul. 1951 2.5 0.1 0.023 

Harrison Lake Fayett.e, 1941 37.0 991 
Ohio Jun. 1949 929.1 61.9 7.47 

Jul. 1951 902.4 26. 7 12. 7 
Allmandinger Ohio City, Jan. 1945 0.035 5.08 

Pond Ohio Jul. 1951 4. 71 0.37 0.055 
Bucyrus 112 Bucyrus, 1919 2.79 242 

Ohio Jun. 1949 218 24 0.8 
--- Contris' Pond Lafayette, 1947 0.13 9.2 

Ohio 1951 7.9 1.3 0.325 
1954 7.4 0.5 0.167 

Sixmile Creek Defiance, 1912 21.4 995 
Ohio Jul. 1951 696 299 7 .67 

Burt Lake Oakwood, Sep. 1948 o. 74 59 
Ohio Jul. 1951 57 2 o. 714 

Kohart Pond Grover Hill, Sep. 1943 0.019 2.4 
Ohio Jul. 1951 2.1 0.1 0.013 

Van Buren Lake Findlay, 1939 22. 72 248 
Ohio Nov. 1948 205 43 4.52 

Aug. 1951 186 19 6.78 
Lake Rushford Caneadea, 1925 60. 7 28,000 

NY 1951 60.7 27,426 574 22.1 
Mt. Morris Mt. Morris, 1951 1,011 338,010 

NY 1957 336,611 1,389 231 
1963 335,393 2,517 218 

Orchard Park Buffalo, NY 1.7 0.23 
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TABLE 18-46(continued) Reservoir Sedimentation Surveys in the Great Lakes Basin-To 1970 

Net Total Avg. 
Nearest Date Drainage Storage Sediment Sediment 
Town - of Area Capacity Accum, Accum. 

Reservoir State SurJle:l ~g. ~u. e.c.-Et ac.-Et j\,g.-Ft. 

Saline Mill Saline, 
Mich. Mar. 1969 63 240.1 110.5 3. 56 

Bridgeway Ann Arbor, 
Mich. Mar. 1969 7.5 76. 7 28.8 0.70 

Franklin Mill Franklin, Mi. Apr. 1969 7.8 97.8 84. 7 0.64 
.Tecumseh Tecumseh, 

(Evans) Mich, Apr. 1969 26. 3 227.8 133.1 0.94 
Sharon Hollow Manchester, 

Mich, May. 1969 25 258.1 114.2 2.7 
Norvell Norvell, 

Mich, May. 1969 25. 3 717.6 215.3 2.15 
Brooklyn Brooklyn, 

Mich. May. 1969 6.2 249.3 63 3.0 
Manchester Manchester, 

(Power) Mich. May. 1969 6.4 288.9 29.4 1.28 
·Manchester Man Chester, 

(Mill) Mich, May. 1969 17 21. 3 10.5 0.17 
Kent Lake Milford, Mi. J\ln. 1969 44 12,204 2,136 118. 7 
Stony Creek N. Mt. Vernon, 

Mich. Jun. 1969 56 996 113 17 .95 
Stony Creek s. Mt. Vernon, 

Mich, Jun. 1969 56 3,929 268 42.54 
Oakwoods Metro Flat Rock, 

Mich. Jun. 1~69 31.6 941. 2 301.5 6. 85 
Belleville Belleville, 

Mich. Jul. 1969 20. 3 19,945 1,965 49.2 
Ford Lake Ypsilanti, 

Mich. Jul. 1969 1-1.2 17,926 1,841 51.1 
Barton Pond Ann Arbo7;, 

Mich. Jul. 1969 183 3,150 549 10.17 
Iron Mill Manches te_r, 

Mich. Aug. 1969 5.2 1,551 393 3.93 
Tecumseh Tecumseh, 

(Mill) • Mich. Aug. 1969 25.9 677 341 3.41 
H.N. Fry Onsted, Mich. Aug. 1969 12,5 121.3 5.3 0.76 
Newburgh Plymouth, 

Mich. Sep. 1969 54.3 667.8 104.9 2.91 
Adrian Adrian, Mi, Sep. .1969 59 1,000 149 5. 32 
Waterford Northville, 

Mich. Sep. 1969 54 173 72 o. 72 
Phoenix Plymouth, 

Mich. Sep. 1969 56.8 225 53.3 0.53 
Fenton Mill Fenton, Mi. Jan. 1970 45 445 192 1.44 
Elsie Elsie, Mich. Nov. 1964 192 111 58.9 
Rockford Rockford, 

Mich, 225 89 44.6 
Fish Creek Carsonville, 

Mich. 123 99 29 .3 
Stronach Wellston, 

Mich. Jan. 1953 233 640 613 14.95 



Section 10 

THE ROLE OF ORGANIC MATTER IN SEDIMENT 
I 

ACCUMULATION 

The role of organic sediment in the Great 
Lakes Basin water resources is vast and re
lated to both the quality and the permanence 
of these resources. At the same time, little is 
known about the sedimentary aspects of or
ganic materials. Literature on aquatic growth 
is profuse and the subject of lake aging and 
eutrophication has received wide~pread at
tention. The effects of the inflow of sediment 
rich in chemical nutrients have long been rec
ognized as a major source of lake enrichment 
and consequent organic growth and accumu
lation. 

10.1 Organic Material as a Sediment 

The concept of organic rich materials as an 
accumulant analogous to the accumulation of 
predominantly mineral sediment has received 
little attention. Little is known about rates of 
accumulation, location of accumulation, and 
the factors that encourage or inhibit accumu
lation. However, sedimentary accumulation of 
organic sediments affects the rates of capacity 
loss in Great Lakes reservoirs and other water 
resources. This accumulation occurs both as a 
nearly pure organic material and as an or
ganic fraction in combination with. mineral 
sediment, which can make the deposited 
sedimentary material bulky. 

10.2 Role of Chemical Nutrients 

There are a number of elements known to be 
essential for plant growth. The most impor- • 
tant are nitrogen, phosphorus, potassium, 
magnesium, calcium, manganese, iron, silicon, 
sulphur, oxygen, and carbon. Nitrogen and 
phosphorus influence growth in plants. 
Sources of phosphorus in water bodies include 
natural geologic sediments on the bottom of 
the lake or reservoir. In most areas phos
phorus enters with runoff water. This phos
phorus is largely associated with the solid 
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fraction in the runoff water and is-not dissol
ved. This solid fraction is derived from many 
sources such as sewage effluent, animal and 
plant water, and industrial effluents. The 
major source in many areas is the solid parti
cles derived from soil erosion on fertilized 
farm land. 

High levels of nutrients in water bodies are 
a major cause oft he development and accumu
lation of organic sediment. This organic debris 
is generated largely from planktonic vegeta
tion. Algae often account for 80 percent or 
more of the total biomass in a body of water. 
Th.is organic material settles in combination 
with mineral inflow to form sediments rich in 
organic content. 

10.3 Factors That Control Rates of 
Accumulation 

Large rates of organic sedimentary accumu
lations can be associated with low concentra
tions of mineral sediments. Intense turbidity 
of the water and the resulting opaqueness in
hibits planktonic growth by eliminating sun
light energy. Thus, the rates of accumulation 
are in balance with the nature of inflow and its 
concentration of suspended solids. Resulting 
organic rich sediments may have very low 
dry-weight densities. Samples taken in lakes 
and reservoirs in southeast Michigan during 
sediment surveys showed dry-weight den
sities, in some cases, of less than 15 pounds 
per cubic foot. Normal densities of fine
grained sediments, low in organic content, are 
on the order of 65 pounds per cubic foot. 

Rates of organic sediment accumulation ap
pear to be related to the dimensional or shape 
characteristics of the water body in which 
they are formed. A large percentage of the 
biomass in water bodies is of the planktonic 
type. These floating types of plants live near 
the surface in a few feet of water. Thus the 
rate of organic accumulation will vary with 
the amount of surface. For example, two res-
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ervoirs with the same total volume could 
have greatly different rates of organic sedi
ment accumulation. If one reservoir was nar
row but deep, and the other was wide and 
shallow, the second would have much more 
water exposed to sunlight and therefore a 
greater area favorable to planktonic growth. 

In summary, the amount of organic sedi
ment in a water body is based upon the level of 
nutrients (particularly phosphorus and nitro
gen) in the water, and the amount of available 
energy from sunlight. Turbidity levels from 
suspended sediment and the water depth var
iations influence rates of accumulation. The 
chemical variations and climatic conditions 
are also modifying factors. 
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10.4 An Organic Sediment-Surface Area 
Relationship 

Figure 18-48 illustrates a relationship 
found to exist in southeast Michigan lakes and 
reservoirs. Data on average annual ~ediment 
deposition are plotted against the original res
ervoir surface area. The sediment in these 23 
reservoirs (data shown in Table 18-46, Section 
9) is generally rich in organic material. The 
plotted relationship in Figure 18-48 shows a 
general correlation between the surface area 
(exposed to sunlight) and the average annual 
sediment accumulation. These reservoirs, 
which all lie in a relatively low mineral 
sediment-producing area, reflect the effects of 
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organic sediment accumulation. The im
poundments, which have all been exposed to 
extensive nutrient enrichment through the 
years, illustrate the points discussed above. 
The basic nutrient sunlight energy require
mentS,for orgahic sediment accumulation are 
shown. 

10.5 General Comments and Summary 

The discussion of -sedimentation - in tin, 
Great Lakes Region cannot be confined to clas
sical mineral particle depositional relation
ships. Deposits in water are sediments regard
less of their origin. It has been pointed out in 
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the sections on urban erosion and dredging of 
harbors and again in this section that urban, 
domestic, and industrial waste, and organic 
growth are significant sedimentation factors 
in this Region. This discussion of organic sedi
ments is included for three reasons: 

(1). Organic sedimentary deposits hav_e 
very significant effects on the capacity of 
water impoundments and their quality. 

(2) The amount and extent of organic ac
cumulation is. closely related-to the mineral 
soil material found in sediments derived from 
eroSjoil solirces. 

(3) Little is known about the whole prob
lem. The scope and intensity of the problems 
associated with organic sediment need inves
tigation and extensive research. 



Section 11 

PHYSICAL CHARACTERISTICS OF THE BASIN RELATING TO 
EROSION AND SEDIMENTATION 

The physiography of the Great Lakes Re
gion was first described by J. Wesley Powell in 
a paper published in 1895 entitled "Physio
graphic Regions of the United States." In -
Powell's classification, most of the Basin was 
called "Lake Plains." Part of southwest 
Michigan fell in his division called "Ice Plains," 
and much of the western part of New York, 
lying in the Great Lakes Basin, was in his 

-divisions called "Allegheny Plateaus and New 
England Plateaus." During the following 20 
years, a number of attempts at regional 
physiographic classification were made. In 
1914, at a meeting of the Association of Ameri
can Geographers, a committee was appointed 
to devise a systematic division of the United 
States into physiographic units. This commit
tee, later known as the Fenneman Committee, 
devised the classification which is now gener
ally recognized. This classification of the 
physiography of the United States is pre
sented in Fenneman's volumes, Physiography 
of the Western United States (1931) and 
Physiography of the Eastern United States 
(1938). 

11.1 General Physiography and Relief 

The Great Lakes Basin fits broadly into the 
Central Lowlands, the Appalachian Plateau, 
and the Superior Upland and Adirondack ex
tensions of the Laurentian Upland. Bedrock 
in the Adirondack area and the Superior Up
lands is Precambrian age with _an area of 
younger Cambrian and Ordovician rock in the 
Adirondack area. This province is commonly 
known as the Canadian Shield. The Appala
chian Plateau, locally the Allegheny Plateau, is 
bordered on the north by the Allegheny es
carpment, which runs parallel to.Lake Ontario 
on its south side. The Plateau area is largely 
Devonian age rocks. The Central Lowlands 
Province includes bedrock ranging in age from 
Cambrian through the younger Pennsylva-
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nian. These rocks overlap the Canadian Shield 
along an extensive contact band and generally 
dip toward the Michigan Basin, which is cen
tered in the central part of the Lower Penin
sula of Michigan. 

Elevations in the Great Lakes Basin range 
from 250 feet in the vicinity of Lake Ontario to 
as high as 3,000 feet in the Adirondacks and 
2,000 feet in the Superior Upland. Most of the 
Basin ranges from 600 feet to 1,000 feet eleva
tion. Elevation reaches more than 1,000 feet in 
south-central Michigan and in the northern 
part of the Lower Peninsula. Much of the 
western part of the Upper Peninsula of Michi
gan is 1,500 feet or more. 

11.2 General Glacial and Glacial Lake History 

The entire Basin was glaciated and left with 
drift thickness generally sufficient to obliter
ate most surface evidence of the preglacial 
topography. However, preglacial highlands 
s-uch as the Marshall Upland in both northern 
and southern Michigan, the Superior and 
Duluth Uplands, the Niagara Cuesta, and cer
tain lowland scoured areas still have outcrops 
of preglacial bedrock. Glacial drift as thick as 
1,100 feet has-been reported in Michigan. Vast 
areas have 100 feet or more of thickness. Scat
tered thin drift areas are found throughout 
the Basin. / 

The glaciation of the Great Lakes Basin, the 
influence of the V>'lrious highland and lowland 
areas upon this glaciation, and the sequence of 
events in the retreat of the Wisconsin Stage 
are the dominant factors in the make-up of the 
present-day landscape. The recessions of the 
ice fronts and their readvances, the outwash 
from melting ice, and deposition of ground and 
terminal moraines, and the pooled lake water 
from the melted ice, left the complex land sur
face found in the Basin. 

The land surface was molded by the advance 
and recession stages of the Tazewell, Cary, 
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Port Huron (Mankato), Two Creeks, and Val
ders substages of the Wisconsin Stage during 
Pleistocene times. The advance of the ice front 
during these substages and the resulting ter
minal and recessional moraines left the vari
ety of materials in which the soils developed 
and upon which the topography is based. An 
intricate pattern of spillway channels and 
other outwash melt deposits are associated 
with this moraine topography. 

Recession and melting of ice during the var
ious su bstages blocked drainage, giving a 
complex early history to the Great Lakes. This 

• early history involved.- many levels of the 
Lakes, both higher and lower than· present
day levels, and the existence of a number of 
major spillway-discharge points for meltwa
ter. The earliest of these lake levels were 
Lakes Maumee and Chicagowhich discharged 
through the Wabash River and the Des 
Plaines-Illinois Rivers. Following lake stages 
included Lakes Arkona and Whittlesey, 
drained by the Ubly-Grand River Channel, 
Lake Wayne, which discharged eastward to 
the Mohawk Valley, and Lake Warren, which 
again discharged through the Grand .River. 

At the time Lake Whittlesey was forming, a 
lake was forming in front of the receding 
glacier in the Lake Superior basin. This lake, 
known as Lake Duluth, discharged through 
the valley of the St. Croix River. Later glacial 
recession and changes in levels created Lake 
Algonquin which, during four stages, dis
charged both eastward and westward. A later 
stage, known as Lake Nipissing, discharged 
eastward through the North Bay:Ottawa 
River and the St. Clair-Lake Erie outlet. The 
Finger Lakes in New York State had their own 
history. The high water level during the early 
recessional period of the ice front spilled over 
into the Susquehanna River drainage basin. 

The existence of these early lake stages was 
important to the relief and soil characteristics 
of the Great Lakes Basin as they relate to 
problems of erosion and sedimentation. The 
resulting lake plains and outwash zones, both 
of which are extensive in the Basin, have slope 
and soil characteristics that are different from 
the non-impoundment, morainal portions of 
the glacial topography. 

The importation of soil materials by the 
glaciation process and mixing and sorting of 
these materials forms the basis of the erodibil
ity characteristics of the soils throughout the 
Basin. The variety of slopes and gradients left 
by glaciation and the preglacial topography 
form the relief patterns upon which erosion 
and sedimentation rates are based. 

11.3 Planning Subarea 1.1 

Planning Su bare a 1.1 has a topographic re
lief of approximately 1,400 feet. The stream 
gradients are steep, averaging 100 feet per 
mile from the uplands to Lake Superior. The 
uplands are broad, rounded ridges with deep 
valleys. There are few flood plains along the 
streams. Cover conditions are generally good, 
made up of timber vegetation. The soils in
clude well-drained sandy loams, sandy clay, 
and sandy clay loam tills of the Milaca
Hibbing soil association. 

The land south and east from Duluth to the 
northern part of Ashland County, Wisconsin, 
is largely a plain dissected by long, canyon-like 
stream valleys. The interfluves are level and 
broad. This plain is the former lake bed of Lake 
Duluth, which existed in the post-Valders sub
stage. The topographic relief of the area is • 
approximately 400 feet, and the stream grad
ients range from 5 to 10 feet per mile. The 
predominant soils are red-brown clays and 
silty clays developed in calcareous lacustrine 
clays. This is locally called the "redcclay-area," 
and belongs to the Ontonagon-Pickford
Bergland association. They are very erosive 
soils. Erosion rates on these soils are among 
the highest in the Lake Superior basin be
cause of the agricultural use, steep slopes, and 
high erodibility factors of the soils. Sedimen
tation rates are high for this region, and local 
sediment damage to cropland and other land 
use is common. This area is broken by a 
north-south trending zone of sandy glacial 
drift extending_ through Bayfield County, 
Wisconsin, up to the Apostle Islands at the 
north end of the Bayfiel<!_Peninsula. 

The part qf Planning Subarea 1.1 lyingwest 
and northwest from Duluth, the upper St. 
Louis River watershed, is largely a level to 
gently rolling plain with channel gradients of 
three feet per mile or less. The soils include 
extensive areas of peat and muck that are 
very poorly drained and acid. The rolling por
tions of this area have soils similar to the 
Milaca-Hibbings soils on the Superior slopes. 
Although the muck soils are farmed exten
sively in some places, this area generally has 
low erosion and sedimentation rates. 

11.4 Planning Subarea 1.2 

The western part of Planning Su bare a 1.2 is 
largely a mixed area of rock knobs, rolling to 
steep glacial drift plains, and intermittent 
boggy areas. It lies on the Superior Upland 
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extension of the Canadian Shield. The Por
cupine Mountains are near the western end of 
the planning subarea where the topographic 
relief is 1,300 feet. East of the Porcupine 
Mountains is a gently sloping plain that ex
tends to the base of the Keweenaw Peninsula. 
The stream gradients on this plain are 30 to 40 
feet per mile. Flood plains along the streams 
are narrow, and the valley side slopes are 
moderately steep. The soils are poorly drained 
with slowly permeable subsoils, and they are 
developed in calcareous clay loam till and 
lacustrine silts and clays. These soils belong to 
the Walton-Ontonagon-Bohemian soil associ
ation and to the Ontonagon-Pickford
Bergland soil association. 

The remainder of the western part of Plan
ning Subarea 1.2 is a predominantly sloping to 
steeply sloping area with soils developed in 
glacial drift and in Precambrian bedrock. 
Predominant soils include the Baraga
Champion, the Marenisco-Munising-Hia
watha, the Goodman-Gogebic, and the Iron 
River soil associations. Topographically, the 
area is full of irregular rock outcrops, irregu0 

larly sloping hill and valley gradients, and re
lief ranging from 600 to 1,400 feet. 

The eastern part of Planning Subarea 1.2, 
from Marquette, Michigan, eastward, has a 
very marked change in relief from the western 
part of this planning subarea. Although scat
tered areas have elevations that rise to 400 or 
500 feet, the relief predominantly ranges from 
150 to 300 feet above Lake Superior. The top
ography is gently rolling with extensive 
level peat and muck areas and nearly level 
poorly drained sandy soils. The soils come 
from a mixed glacial drift that is largely sand. 
Stream gradients are variable, but tend to be 
only a few feet per mile. The area south of 
Sault Ste. Marie has heavy textured clay and 
silt soils. However, the relief in this area is 
similar to the rest of the eastern part of Plan
ning Subarea 1.2. Soils in the eastern part of 
Planning Subarea 1.2 include the Rubicon
Vilas-Grayling, Longrie-St. Ignace, Moran, 
Montcalm-Kalkaska-Emmet, Roscommon-Au 
Gres-Angelica, and Ontonagon-Pickford
Bergland soil associations. 

The land cover in Planning Subarea 1.2 is 
predominantly woodland, permanent swamp
land vegetation, and grass and brushland. 
Cultivated cropland is found on a very small 
portion of the area. Because of the cover, the 
predominance of sandy soil types, and slough
like conditions on much of the land, the erosion 
rates on this planning subarea are low, and 
rates of sedimentation are minimal. 
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11-5 Planning Subarea 2.1 

The northern part of Planning Subarea 2.1 
is a highland that rises from 600 to more than 
1,000 feet above Lake Michigan. The surface is 
irregular glacial drift and rock outcrop mixed 
with outwash plains and boggy areas. Stream 
gradients range from 5 to 25 feet per mile. Soils 
are developed in gHic,al-tills ranging from clay 
loams and. silty loams to sandy and gravelly 
materials. Major soil associations include the 
Onaway-Emmet-Guelph, the Goodman-Iron 
River, the· Gogebic~Trenary-Hiawatha, and 
the Rubicon-Vilas-Grayling. The erosion rates 
and sediment yields from this area are low due 
to scattered agricultural activity and the pre
dominance of woodland, brush, and swamp 
type vegetation. 

The central part of Planning Subarea 2.1 is 
largely a rolling glacial drift plain consisting 
of calcareous silty and clayey glacial till. 
There are occasional sandy zones, but the pre
dominant soils are the heavier textured soils 
of the Kewaunee-Oshkosh-Poygan soil associ
ation. The topographic relief of this part of the 
planning subarea is 150 to 300 feet above Lake 
Michigan, becoming 400 feet or more in the 
more western parts. The stream gradients on 
this rolling and undulating topography aver
age five feet per mile or less. Because of inten
sified agriculture and more intense rainfall 
characteristics, .the erosion rates and sedi
ment production rates increase rapidly in a 
southerly direction in spite of the gentle relief. 

Th<, southern part of Planning Subarea 2.1 
is similar to the central part, but the topo
graphic relief is greater, rising to 600 feet at 
many points. Slopes are steeper but shorter. 
An unusual feature of the landscape is the 
concentration of drumlin topography in this 
part of the planning subarea. The erosion 
rates continue to increase in a southerly direc
tion, reflecting more intense relief. Stream 
gradients increase to 10 feet per mile or more. 
Soils in the southern part of Planning Subarea 
2.1 include the Miami-Dodge-Conover soil as
sociation and the Casco-Rodman-Fox soil as
sociation. A small area of prairie soils (Mol
lisols) are found in the southwest part of the 
area. These a.re included in the Saybrook
Parr-Drummer soil association. 

I L6 Planning Subarea 2.2 

The topographic relief in the northern part 
of Planning Su barea 2.2, on the land west of 
Milwaukee, is 400 feet or more above Lake 
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Michigan. The surface elevation decreases in 
a southerly direction where it becomes 100 to 
150 feet above the Lake over broad areas in 
the southern parts of the planning su bare a. 
The relief becomes less hilly in a southerly 
direction. Stream gradients throughout the 
planning subareaaverage less than 10 feet per 
mile. 

Soils throughout much of the planning sub
area are developed on calcareous glacial drift. 
In the north, west from Lake Michigan, the 
soils are developed on loam and silt loam till 
with scattered sandy till acres. In the north 
and toward the Lake, the soils are developed 
in less permeable and heavier textured clay 
tills. The better drained soils include the 
Miami-Dodge-Conover soil association. The 
more poorly drained soils include the St.· 
Clair-Blount-Pewamo soil association. 

The soils in the southern part of the plan
ning su bare a are dark-colored, prairie types 
(Mollisols). These are developed in clay and 
silty clay as well as loams and sandy loams and 
are generally poorly drained. Included are the 
Elliot-Ashkum soil association and the 
Brenton-Martinton-Rensselaer soil associa
tion. Many of the soils in the southern part of 
this planning subarea belong to the plastic till 
group of soils of northeastern Illinois. 

Erosion and sedimentation rates iii this 
planning subarea are the highest in the Great 
Lakes Basin. Relief characteristics are mod
erate, but much of the land is intensely culti
vated. This high concentration of cultivated 
crops and the intense rainfall characteristics 
of the area (Figure 18-36c) are the reasons for 
these higher rates of erosion and sedimenta
tion. Much of this planning subarea does not 
contribute hydrologically to the Great Lakes, 
but to the Mississippi River system. 

11.7 Planning Subarea 2.3 

The present land surface configuration in 
Planning Subarea 2.3 was formed during the 
advance and recession of the Cary substage of 
the Wisconsin Stage of glaciation. The influ
ence of the Lake Michigan lobe, the Saginaw 
lobe, and to some extent, the Lake Erie lobe 
are evident in the orientatiiin of the 'reces
sional moraines. It was in the post-Cary period 
that Lake Chicago and Lake Whittlesey came 
into existence. The Allendale delta, in west
central Michigan west of Grand Rapids, re
sulted from the high water levels in Lake 
Chicago (Glenwood Stage). The discharge of 
water through the glacial Grand River spill-

way was voluminous. Its load of sand and 
gravel was also heavy. Extensive sand and 
gravel deposits in the Allendale delta accumu
lated where the velocity of the Grand River 
decreased upon entering Lake Chicago. 

The topographic relief in this planning sub
area is more thari 350 feet. The greatest eleva
tion is along the eastern side of the area where 
the land rises on the southern Michigan Mar
shall highland. The topography rolls irregu
larly in a swell and swale fashion with round
ed, gently to steeply sloping uplands with 
numerous depressional areas that lack out
lets. Stream gradients are less than 10 feet per 
mile. Flood plains are generally narrow. The 
topography is geologically youthful and has a 
drainage network that is only beginning to 
become incised. 

The soils in Planning Subarea 2.3 are de
veloped in glacial drift and outwash sands, 
silts, and clays. The soils developed in the 
sandy materials include the Fox-Oshtemo
Warsaw soil association and the Fox
McHenry-Spinks soil association. Those soils 
which-developed on heavier textured clay till 
materials include th_e Miami-Dodge-Conover 
soil association. The soils in the more northern 
part of the planning subarea become very 
sandy and are included in the Montcalm
Kalkaska~Emmet soil association. 

The topography and relief in Planning Sub
area 2.3 have been strongly influenced by 
early Great Lakes history. Lake Chicago 
began at about the same time as Lake 
Maumee, behind the Valparaiso moraine dur
ing the late Cary su bstage. Drainage was 
through the Des Plaines-Illinois Rivers. The 
Glenwood phase was the highest stage, and 
the lake surface was 60 feet higher than pres
ent Lake Michigan levels. A large segment of 
the western part of Planning Su barea 2.3 was 
inundated by this high water, as were parts of 
Planning Subarea 2.2. This high level led to 
the formation of the Allendale delta on the 
swamped lower Grand River near Grand 
Rapids. 

Lake Chicago receded, but the water rose 
again after the Port Huron retreat. The 
Calumet phase was approximately 40 feet 
above present Lake Michigan levels and again 
inundated part of Planning Subareas 2.3 and 
2.2. Later water level rises occurred in post
Valders time when Lake Algonquin and Lake 
Nipissing were 25 feet above present Lake 
Michigan. The former shorelines (strandlines) 
from the various lake levels are important di
viders in the types of drift and water-laid 
materials on which the soils are developed. 



·The presence of a number of erosive soil 
types, slopes and other relief characteristics, 
relatively illtense rainfall, and extensive cul
tivation of cropland in this planning subarea 
result in significant amounts of erosion and 
sedimentation. Estimated gross erosion rates 
range from two tons per acre per year in the 
northern edge of the are.a to more than six 
tons in the southwestern part. 

n.s Pl·anning Subarea 2.4 

The surface of Planning Subarea 2.4 has 
been influenced by three substages of the Wis
consin glaciation. Much of the surface of the 
southern part of the area was formed by reces
sional moraines and by meltwater from the 
Cary substage. The ice advanced over much of 
the northern part of the planning subarea 
during the Port Huron (Mankato) substage. A 
large part of the northern portion was again 
covered by ice during the Valders advance. 
The Valders drift has a reddish or pink cast 

• against the blue-gray color of the Port Huron 
drift. The .shorelines along Lake Michigan 
have been strongly influenced by the post
Port Huron and the post-Valders lake levels. 
Lake Nipissing and Lake Algonquin 
shorelines, standing 25 to 30 feet above the 
present lake level, are exten_sive. 

The topographic relief in this planning sub
area is 700 to 800 feet above the level of Lake 
Michigan throughout much of the area. This 
pronounced relief is due to a combination of 
thick glacial drift and the elevation of the 
Marshall Upland, which is a preglacial high
land area centered in the northern part of the 
Lower Peninsula of Michigan. The topography 
of much of this planning subarea is strongly 
rolling to steep, but extensive sloping sandy 
outwash areas and lowland bogs ·are present. 
Stream gradients of 25 feet per mile are com
mon on smaller tributary streams and grad
ients as much as five feet per mile are com
mon along the larger rivers and streams. 
There is a concentration of drumlin topog
raphy· in the region around Grand Traverse 
Bay. 

The soils in this planning subarea are pre
dominantly sandy but become loamy in some 
areas. These soils belong to the Rubicon
Vilas-Grayling and the Montcalm-Kalkaska
Emmet soil associations. Erosion and 
sedimentation rates are highest in the west
ern parts of this planning subarea. The reason 
for this is the concentration of fruit farming 
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along the western shore area which disturbs 
the surface cover. 

1L9 Planning Subarea 3.1 ( 

The topographic relief in Planning Su bare a 
3.1 rises 700 to 800 feet above Lake Huron. 
Thick glacial deposits and the pre glacial Mar
shall highland centered in the northern part 
of the Lower Peninsula are the cause of this 
pronounced relief. The topography of the area 
is. a ·comibinatioitof•stron·gly ·rolling highlands 
and broad, gently sloping sand outwash 
plains. Stream gradients average 10 feet per 
mile and gradients of 25 feet per mile or more 
are common on smaller tributaries. 

The surface of.this planning subarea was 
developed by the Cary, Port Huron, and Val
ders glacial advances and recessions. Algon
quin and Nipissing shorelines are found 25 to 
30 feet above Lake Huron. In addition, earlier 
lake levels, associated with Lakes Saginaw 
and Warren, left shorelines noticeable in the 
southeast part of the planning subarea facing 
the Saginaw Bay. These shorelines are found 
at approximately 100 feet above the present 
Lake Huron levels. 

The soils are predominantly sands belong
ing to the Rubicon-Vilas-Grayling and the 
Montcalm-Kalkaska-Emmet soil associations. 
However,.there are extensive areas of heavier 
textured soils in Alpena, Ogemaw, and Arenac 
Counties. These soils are included in the 
Nester-Kawkawlin-Selkirk soil association. 
There are also extensive lowland peat and 
muck soils throughout the planning subarea. 

Cover conditions throughout much of the 
planning subarea are good, and erosion and 
sedimentation rates are generally low. How
ever, these rates increase sharply in the 
southeast part of the area where clay soils 
occur and the amount of cultivated land in
creases. 

11.10 Planning Subarea 3.2 

The Saginaw lobe and its recessional 
moraines in combination with the late Cary 
and post-Cary levels have left the surface of 
this planning subarea with its present fea- • 
tures. The topographic relief in the north and 
west parts of the planning·subarea rises to 400 
feet above Lake Huron. The surface also 
reaches this height in the east and southeast 
parts of the area near Flint. The intervening 
area, across the northeast-southwest trend-
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ing axis of the Saginaw Valley, is a gently, 
sloping plain with a surface elevation that av
erages 100 to 200 feet above Lake Huron. 
Stream gradients average 5 to 10 feet per mile. 
, An important feature of the topography of 
this planning subarea is the extensive 
Saginaw lake plain, which is nearly level and 
covers much of the planning subarea. The 
strandlines at former lake levels are impor
tant dividing points for soil parent materials. 
The history of this lake plain begins during the 
late Cary melt period when a lake developed in 
front of the Saginaw lobe. Lake Maumee 
water came north through the Imlay Channel 
into early Lake Saginaw and spilled out 
through the Grand River into Lake Chicago. 
The final melt of Cary ice resulted in the large 
Lake Arkona level, which stood 120 to 130 feet 
above present Lake Huron. The second Lake 
Saginaw began to develop when the Port 
Huron ice reached its maximum. Water again 
flowed north from the- successor to Lake 
Maumee, Lake Whittlesey, by way of the Ubly 
Channel and into Lake Saginaw. The succeed
ing lower lake levels, Lake Warren and its 
three stages, which occurred during the Val
ders retreat, and postglacial Lake Nipissing, 
influenced the lake plain topography in this 
planning su bare a. 

The western extension of Planning Su bare a 
3.2 is very sandy and the soils are included in 
the Rubicon-Grayling-Vilas soil association. 
The eastern area, in Tuscola and Lapeer 
Counties, is also very sandy and includes the 
Montcalm-Kalkaska-Emmet and Onaway
Emmet-Guelph soil associations. The soils 
throughout the lake plain include somewhat 
poorly to poorly drained soils ranging from 
clay loam, silty clay loam, to sandy loam, and 
loamy sands. The Brevort-Iosco-Sims, and 
Sims-Kawkawlin-Capac are the dominant soil 
associations. Much of Genesee and Lapeer 
Counties lie on rolling silt loam, clay loam, and 
sandy loam glacial drift. The Miami-Dodge
Conover and St. Clair-Blount-Pewamo soil as
sociations are found here, 

Erosion and sedimentation rates are rela
tively high in this planning subarea. The relief 
is generally mild, and the slopes are gentle in 

, most of this area. However, because cultiva
tion of crops is intense, cover conditions are 
insufficient to prevent erosion on the soils, 
many of which are highly erosive. 

11.11 Planning Subarea 4.1 

The pre glacial Marshall Upland of southern 

Michigan is parallel to the northwestern side 
of this planning subarea. This highland, ex
tending in a northeast-southwest direction, 
formed the divide that separated the Saginaw 
lobe from the Lake Erie lobe during the glacial 
period. Strongly rolling drift plains cover this 
highland. These drift plains rise more than 400 
feet above lake levels. Much of the eastern 
part of this planning subarea lies on fol'.mer 
lake plain arid rises 100 to 200 feet above lake 
levels. Stream gradients on the drift plains 
average more than 10 feet per mile, and those 
on the lake plains average five feet per mile or 
less. 

Early Lake Maumee was formed during the 
retreat of the Cary ice. Its lake level stood 
more than 200 feet above present Lake Erie, 
and its drainage was southwest through the 
Wabash River. As the Saginaw lobe retreated, 
an outlet for the waste water opened to' the 
north through the Imlay Channel-Grand 
River-Lake Chicago route. 

Lake Arkona formed at a lower elevation 
during the final wasting of the Cary ice. Lake 
Whittlesey was formed during the advance of 
the ice front of the Port Huron substage. As 
this ice front receded, drainage shifted to tne 
east as an outlet through the Syracuse Chan
nel to the Mohawk Valley opened. The lower
ing of the Lake Whittlesey surface resulted in 
the formation of Lake Wayne. Beach line 
traces, formed during stabilized periods of 
Lake Wayne, are found along the lake plains in 
this planning subarea. 

The soils in the northwestern side of the 
planning subarea are strongly rolling predom. 
inantly sandy soils belonging to the Fox
McHenry-Spinks soil association. To the east 
and southeast of these sands there are soils 
that are less steeply sloping and are de
veloped predominantly in loams, silt loams, 
silty clay loams, and clay loams. These soils 
are included in the Miami-Dodge-Conover and 
St. Clair-Blount-Pewamo soil associations. 
The soils on the lake plains include those de
veloped in clay loams, silty clay loams, and 
clay and belong to the Sims-Kawkawlin
Capac, Toledo-Colwood-Fulton, and Hoyt
ville-Nappanee-Wauseon soil associations. 
There are also banded areas of soils developed ~ 
on sandy and loamy sands. These soils are in
cluded in the Plainfield-Granby-Zimmerman 
and Berrien-Wauseon-Coloma, soil associa
tions. 

There is a great variability in relief and 
cover characteristics in this planning subarea 
as they relate to erosion. Many areas in the 
gently sloping lake plains are intensely culti-

1 



vated, and even though the slopes are gentle, 
erosion rates are high, Relatively low erosion 
rates are found in the steep, sandy areas be
cause of generally good cover conditions and 
low basic erodibility of the soils, Much of the 
rolling land on the more erosive soils is culti
vated, and relatively high erosion rates are 
found. 

11.12 Planning Subarea 4.2 

Most-ofthis planning subarea is included in 
the Erie lake plain. The western and southern 
reaches of the area rise into gently undulating 
glacial till plains. The topographic relief of the 
area rises as much as 500 feet above Lake Erie. 
The greatmajority of the planning subarea, 
however, lies 100 to 200 feet above the Lake. 
The surface of the area is nearly level to 
gently sloping. Stream gradients average 6ne 
or two feet per mile along the major streams 
and in much of the tributary area. Gradients 
of the streams reach 10 feet per mile or 
more in the rolling drift fringe areas. 

The soils in Planning Subarea 4.2 are de
veloped in silty clay loam, silty clay, and clay. 
These soils are poorly to moderately well 
drained and generally slowly permeable. In
cluded are the St. Clair-Blount-Pewamo, 
Blount-Pewamo-Morley, Toledo-Colwood
Fulton, Hoytville-Nappanee-Wauseon, and 
Paulding soil associations. 

The topography in Planning Su barea 4.2 
was controlled by the advance and recession of 
the Huron ice lobe and the subsequent drain
age of meltwater from the glacial ice in the 
entire Great Lakes Region during the post
Cary glacial phases. Lake Maumee began to 
form behind the Ft. Wayne moraine, a reces
sional moraine of the late Cary substage. At its 
highest Lake Maumee stood 200 feet above 
present Lake Erie, and its drainage spilled 
lnto the Wabash River outlet. When the ice in 
the Saginaw lobe retreated, the drainage from 
Lake Maumee shifted to the Imlay-Grand 
Channel cutting off its flow through the 
Wabash outlet. 

Lake Maumee and Lake Saginaw coalesced 
forming Lake Arkona. Lake Whittlesey 
formed after the advance of the Port Huron ice 
front. This drained through the Ubly-Grand 
spillway. Melting of the ice to the east opened 
an outlet through the Syracuse Channel and 
the Mohawk River and later -through the 
Niagara River. This led to lower lake levels, 
and Lake Wayne, Lake Warren, and early 
Lake Erie followed. The source rock of most of 
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the glacial till in this planning subarea is De
vonian shale. This presumably accounts for 
the clayey glacial drift in the area. Soil differ
ences are related to the location of strandlines 
from the various lake levels. 

The erosion and sedimentation rates in this 
area are among the highest in the Great Lakes 
Basin. Relief characteristics are mild, and 
slopes are generally very gentle. However, 
cover conditions, because of intense cropping 
of the land, are poor. This, in combination with 
relatively intense rainfall characteristics, re
sults in high erosion rates. 

11.13 Planning Subarea 4.3 

The transition between the Central Low
lands Province and the Allegheny Plateau 
section of the Appalachian Plateaus Province 
occurs in this planning subarea. This transi
tion, which goes in a southerly direction from 
Cleveland, Ohio, changes the relief from 200 or 
300 feet above Lake Erie in the western part of 
the area, to 500 or 600 feet in the eastern part. 
This transition is not an escarpment, but a 
smooth change where the land surface be
comes more rolling and the slopes become 
steeper. Stream gradients are 'approximately 
10 feet per mile in the western part and as 
much as 25 feet or more per mile in the eastern 
part of the planning subarea. 

The soils in Planning Subarea 4.3 are de
veloped in medium textured to heavy textured 
glacial till and are predominantly poorly to 

'moderately well drained. Included are the 
Mahoning-Ellsworth, Canfield-Wooster-Chili, 
and Conneaut-Elnora-Tyner soil associations. 
Erosion and sedimentation rates show a 
steady decrease from a west-to-east direction 
through the plairning subarea. Although ·re
lief characteristics become more intense in an 
easterly direction, there is a decrease in the 
amount of cultivated cropland in the same di
rection. Generally cover conditions are better, 
with more forest and grassland, in the eastern 
part of the area, and erosion rates are less 
than in the western part. 

11.14 Planning Subarea 4.4 

This planning subarea lies within the Al
legheny Plateau section of the Appalachian 
Plateaus Province. There are three distinct 
physiographic features in this area. The first 
is the high, unglaciated Allegheny Plateau 
lying in southern Cattaraugus County, New 
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York, rising to approximately 1,800 feet above 
Lake Ontario. The second feature is the 
glaciated section of the Allegheny Plateau 
that rises 1,000 to 1,200 feet above Lake Erie 
and 1,300 to 1,500 feet above Lake Ontario. 
This slopes sharply into the lake plain section, 
the third feature of the planning subarea, 
which includes the northern part of Erie and 
Niagara Counties, New York. The Niagara 
Cuesta divides the lake plain through the 
middle part of Niagara County. This break 
marks a change in the elevation of the lake 
plain: it is approximately 300 feet higher on 
the south side of the Cuesta. 

The slopes range from very steep on the 
plateau section, with stream gradients of 25 
feet per mile and more, to gentle slopes with 
stream gradients of a few feet per mile on 
parts of the lake plain. The soils are developed 
largely from clays and silty clays and are for 
the most part somewhat poorly to moderately 
well drained. The lake plain soils, which in
clude the Collamer-Fulton-Williamson and 
Odessa-Schoharie-Fulton soil associations, are 
formed in lake-laid silts and clays. The soils on 
the Allegheny Plateau sections are formed in 
clayey glacial till and shale bedrock. They in
clude the Erie-Langford, Lordstown, and 
Volusia-Mardin soil associations. 

( The history of the lake plain in this planning 
subarea dates back to the time of Lake Arkona 
when early ponding began during the retreat 
of the Cary ice front. Ponding again occurred 
during the Port Huron substage (Lake 
Whittlesey and Lake Warren) and again dur
ing the Valders substage (Lake Lundy, Lake 
Grass mere, and early Lake Algonquin). These 
lakes, which stood at elevations ranging from 

· 600to 700 feet, were the source of the lake-laid 
silts and clays. 

Erosion and sedimentation rates are.rela
tively low in much of Planning Subarea 4.4. 
Cover conditions throughout most of the Al
legheny Plateau are good. Although the land 
is strongly sloping, erosion rates are low be
cause of the cover. The rates increase in the 
northern reaches of the planning subarea 
where the intensity of cultivation increases. 
However, slope and relief charact~'ristics are 
gentle on the lake plain topography in this 
area, and they tend to minimize the erosion 
rates. 

11.15 Planning Subarea 5.1 

This planning subarea rises gradually from 
Lake Ontario, where there is a narrow lake 

plain, to the. highland in the Allegheny 
Plateau. Immediately south of the lake plain is 
a rolling belt of medium textured, permeable 
glacial drift with a surface ranging from 300 to 
700 feet above Lake Ontario. This belt,js 20 to 
30 miles in width and contains some of the best 
soils in New York State. Beyond this belt the 
land rises into the Allegheny Plateau regions 
where elevations average 1,700 to 2,000 feet 
above Lake Ontario and the soils are de
veloped in a heavy textured glacial drift and in 
shale and sandstone bedrock. Slopes are 
strongly rolling to steep. Stream gradients 
range from a few feet per mile on the lake plain 
to more than 25 feet per mile in the Allegheny 
Plateau. 

The soils include the Collamer-Fulton
Williamson association on the lake plains, and 
the Honeoye-Lima and Ontario-Hilton .soil as
sociations on the rolling drift plain. The 
Volusia-Mardin, Lordstown, and the Oquaga 
soil associations predominate in the strongly 
rolling Allegheny Plateau section. -, 

Erosion and sedimentation rates become rel
atively high on the productive, rolling drift 
plains in the belt SO\lth of Rochester. Erosion 
rates become less in the southern part of the 
planning subarea because oft he good cover on 
this steep land. 

11.16 Planning Subarea 5.2 

This planning subarea rises from the Lake 
Ontario lowland extension of the Central Low
lands Province to the highland of the Al
legheny Plateau, a rise of approximately 1,250 
feet above Lake Ontario. A wedge of hilly, 
sandy, and stony glacial drift lies immediately 
south and east of Lake Ontario. This area, 
which widens to the east, culminates in a 
large, very stony, oval-shaped zone that rises 
to the east on the back slopes of the Tug Hill 
Cuesta to an elevation of approximately 1,500 
feet. Drumlins are common throughout this 
sa!ldy area. 

South of this sandy zone is a. wide band of 
rolling land lying on medium textured, 
permeable glacial drift. Drumlins are found 
extensively in the northern half of this belt 
(within the Ontario soil association). The 
southern half of this belt contains very pro
ductive Honeoye-Lima soils. The southern 
fringes of Planning Subarea 5.2 lie on the Al
legheny Plateau where soils are developed in 
heavy textured glacial till and shale rock. Soil 
associations in this-planning subarea include 
the Sodus--Ira, Worth-Empeyville, Ontario, 



Honeoye-Lima, Langford-Eire, Lansing
Conesus, and Lordstown-Mardin-Volusia soil 
associations. 

The erosion and sedimentation rates are 
among the highest in the eastern part of the 
Great Lakes _Basin. This is due to the intensive 

• agricultural use made of the medium-textured 
glacial drift soils in the middle belt of this 

'planning subarea, Other parts of the area are 
less intensely used, and although relief condi
tions are more severe, erosion rates are less. 

Much of the Finger Lakes region of western 
New-York lies within this planning subarea, 
These lakes lie in the trough valleys of west
central New York. This complex valley system 
cuts across the Allegheny Plateau from its 
northern escarpment into the drainage of the 
Susquehanna River. These preglacial valleys 
were smoothed, widened, and deepened by 
glacial ice and glacial meltwater. 

The filling of the Finger Lakes began during 
the recession of the Cary su bstage, when the 
outlets to the Susquehanna River had been 
blocked by end moraines. The subsequent his
tory of the-lakes during the Port Huron and 
Valders substages included drainage both to 
the east (Mohawk-Hudson) and to the west 
(Grand-Lake Chicago). 
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11.17 Planning Subarea 5.3 

This planning subarea lies within both the 
Adirondack extension of the Canadian Shield 
and the lowlands of Lake Ontario and the St. 
Lawrence River. The topographic relief rises 
nearly 3,000 feet from the St. Lawrence River 
to the vicinity of Tupper Lake in the core area 
of the Adirondack Mountains. The Tug Hill 
Cuesta, which parallels the Black River on its 
west side, rises approximately 1,000 feet. The 
back slopes of this cuesta have very rolling, 
sandy, and ·stony glacial drift. Part of this ex
tensive zone lies in Planning Subarea 5.3, but 
most of its lies in Planning Subarea 5.2. The 
northern part of the area lies in the nearly 
level to undulating St. Lawrence lowland 
which has mixed glacial drift, lake-laid silts 
and clays, and extensive bedrock outcrops. 
The eastern part of the planning subarea lies 
in the steep Adirondack Highland with exten
sive crystalline rock outcrops, stony areas, 
and variable soil conditions. Stream gradients 
range from a few feet per mile in the lowl>!nds 
to more than 100 feet per mile in the strongly 
rolling sandy glacial drift and mountain areas. 

The predominant soils a_re the Worth
Empeyville, Camroden-March, Colton
Adams-Hinckley-Windsor, Grenville-Swan
ton-Panton, and Gloucester-Essex-Rock
land soil associations. 



Section 12 

SOLUTIONS TO EROSION AND SEDIMENTATION PROBLEMS 

12.1 General Nature of Problems 

kgeneral discussion of the-whole sub}ect of -
erosion and sedimentation is essential before 
the merits of various suggested solutions and 
program approaches are considered. One ele
ment of this discussion will be certain common 
misconceptions about erosion and sedimenta
tion and related problems. Another element 
will summarize the erosion and sedimentation 
problems and consider their impact on the re
sources of the Basin. 

It is an important basic fact that land and 
water resources in the Great Lakes Basin are 
both extremely valuable and are, for the most 
part, intensely used. Recognition of this fact is 
essential in order to comprehend and put into 
focus the meanings of the many ramifications 
of sedimentation and erosion phenomena in 
the Great Lakes Region. 

A commonly held concept is that there is a 
more or less direct relationship between the 
amounts of erosion and sediment (in terms of 
volume or weight) and the amount of damage 
that results. This concept had some merit in 
years past when sedimentation involved 
largely "volumetric" problems such as volume 
loss in reservoirs. We still have such problems 
as reservoir and harbor sedimentation, but 
our present concern has become much 
broader. It now encompasses the entire ero
sion and sedimentation process as it affects 
utilization of our water and land resources. In 
short, because of the intensification of de
mands on our land and water resources, our 
concept of erosion and sedimentation prob
lems has become more sophisticated than fhe--
older volumetric concept. , 

It is important to point out this broader con
cept because important and exten~-ive 
economic damages would go unnoticed 'by 
those who may say the Great Lakes Basin does 
not have large erosion and sedimentation 
rates compared to many other regions in the 
United States. This statement concerning the 
entire Great Lakes Basin is no doubt true as it 
relates to specific rates and quantities, but it 
has no relationship to the impact of erosion 
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and sedimentation rates and quantities on the 
resources of the Region. Even though rates 
and quantities of erosion and sedimentation in 
the Great Lakes may be less than in other 
regions, the resulting damages are large be
cause of the degrading effects on highly 
utilized water and land resources and the de
mands for a high level of water quality. 

Soil conservation was conceived to conserve 
the longtime productivity of the land. Erosion 
control is one aspect of this conservation func
tion. Soil conservation, which assumes the ap
plication of land treatment measures to con
trol erosion where necessary, is important to 
erosion control. Under practical application, it 
generally falls short of 100 percent control of 
erosion. Soil conservation practices fre
quently do only a partial job in the reduction of 
erosion rates to desirable levels. For example 
it has been said for years that good soil con
servation on many of our better midwestern 
cultivated soils would be achieved if soil ero
sion rates could be reduced to, and maintained 
at, three or four tons per acre per year, or less. 
This means that the land in this well-managed 
environment, along with nature's process of 
weathering and gradually developing new soil 
from parent material, would remain at a high 
level of productivity in the foreseeable future. 
The soil would rebuild as rapidly as it is erod
ing. But even with these reduced e_rosion 
rates, three or four tons per acre of eroded soil 
material would be entering the drainage sys
tem and ending up as sediment somewhere 
downstream. Only by additional intensive 
erosion control measures such as use of 
ground cover with row crops could these ero
sion rates be reduced. Soil conservation is vi
tally needed for reducing erosion and resultant 
sediment yields. However, the reductions ob
tainable by soil conservation measures alone 
-will not necessarily reduce sedimentation 
rates sufficiently to meet the requirements for 
future standards. Additional and more inten
sive control systems may be needed to meet 
these standards. 

The sources of solids that affect the water 
resources in the Great Lakes Basin and the 
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erosion and depositional processes that influ
en.ce land management are complex. A large 
amount of the solids, but not ail, result from 
erosion on and transport from the land. These 
erosion sources include sheet erosion from 
farmland, erosion from developing urban 
areas (construction activity), stream bank and 
roadside erosion, and a vast number of miscel
laneous sources such as mine wastes and 
other disturbed land areas. 

The damages and effects of erosion and of 
the solids from all of these sources fall into one 
of the following categories: 

(1) the loss of capacity in water impound
ments, channels, sewers, and other installa
tions 

(2) the effect on the quality of water for the 
following 'aesired uses: water supply; public 
health aspects; recreation; fish and wildlife; 
aesthetic values ' 

(3) damages to the land and associated 
facilities: loss of productivity to farmland; 
costs of repairing gullies, urban and rural; 
aesthetic values 

The diverse sources of solids and their loca
tions result in an/extensive array of damages 
and other effects. The intricate relationships 
between the variety of sources of solids and 
the resulting problems associated with the 
erosion and sedimentation phenomena in the 
Great Lakes Region make these problems the 
responsibility and concern of agriculture, in
dustry and business, government at all levels, 
and the general public. Finally, it should be. 
realized that there is no panacea for the prob
lems associated with sedimentation and ero
sion. The solution to these problems involves 
various avenues of approach and the consid
eration of basic economics. The basic approach 
is to control the runoff of solids from the land 
by various programs. These programs will . 
need to be backed up by downstream works to 
further reduce solids in the water. The degree 
of treatment will depend upon the standards 
demanded for quality of water and other pro
tection needed. 

12.2 Erosion and Sedimentation-Agricul
tural Land 

A major Basinwide problem is reducing ero
sion rates from cultivated land and the resul
tant sedimentation. The extent and effective
ness of conservation erosion control practices 
were quantified in Section 1, Trends in Ero
sion Rates. It was shown that to date conser
vation crop rotations, the major means of con-

trolling erosion on cropland, have been 
adopted on 30 percent of the cropland in the 
Basin. Mechanical practices supporting ero
sion control have also been established on ap
proximately three percent of the cropland in 
the Basin. 

The results of the most recent conservation 
n.eeds inventory indicate that an additional 
16. 7 million acres of cropland in the Basin need 
conservation crop rotations. This is more than 
twice the acreage that has be!ian established in 
rotations (8.3 million) to date. The inventory 
indicates a need for the establishment of sup
porting mechanical practices (contouring, 
strip cropping, terraces, etc.) on an additional 
3.0 million acres. This is more than three times 
the amount ofland (0.9 million acres) on which 
supporting mechanical practices have been 
established to date. 

If all needed rotations and other erosion 
control practices were established, the erosion 
rates in the Basin would theoretically ap
proach normal natural geologic erosion rates. 
However, as pointed out in this chapter, soil 
conservation falls far short of complete ero
sion. control. A completed conservation pro
gram for erosion control would be only 65 to 75 
percent effective in reducing erosion rates to 
natural levels. Only under a massive, concen
trated program of maximum usage of cover 
crops and minimum tillage could a reduction 
to near-natural rates be achieved. 

Some severe barriers face us in further re
ducing present erosion rates in the Great 
Lakes Basin by the use of crop rotations and 
conventional supporting mechanical prac
tices. These barriers basically· center on 
economics, but they also involve other factors. 
For example, to gain acceptance of conserva
tion erosion control practices, we must stimu
late public interest and motivation. This as
pect has been explored in detail and we will 
only mention it here. 

Economic implications presenting barriers 
to the reduction of erosion rates must be 
examined. Extension of crop rotations on cul
tivated lands as a means to reduce erosion 
rates is a case in point. Crop rotation will re
duce erosion rates on a plot of land if it im
proves the tilth of the soil, which accelerates 
infiltration of precipitation, and ifit keeps the 
land surface under good vegetative cover for a 
longer period of time. For example, erosion 
rates on a field can be reduced by 60 percent by 
converting from continuous corn to a rotation 
of two years corn, one year of small grain (oats 
or wheat), and one year of standover grass and 
clover meadow. Much research data is avail-



able on the effectiveness ofrotations to _reduce 
erosion-rates. 

To accomplish this shift in cultivation prac
tice, the land_ operator foregoes two crops of 
corn and must be able to utilize the small grain 
and meadow crops. There is a difference be
tween the yields of corn from the two systems, 
but some of the yield loss of the two corn crops 
can be made up by using the longer rotation. 
Ori iand ·where intensive cultivation is used, 
modern technology has made it possible to 
maintain high yields by use of various soil 
amend·m-ertts, residtfe managertjent, ·and ·til
lage practices. 

• The basic economic projections indicate that 
the various planning subareas will need to 
supply given quantities of crops to fulfill fu
ture requirements. The quantities will require 
given numbers of acres·and the required acre
age adjusted to· discount future technologi-. 
cal developments. The projected demand for 
crops shows a gradual decrease in most of the 
planning subareas to year 2000. The balance of 
acres will presumably be retired to cover 
crops. The resulting erosion rates will de
crease because of the retirement of the land. 
This is reflected in the values on Table 18-4. 
After 2000 this trend will reverse, and more 
land will move into cultivated crops with a 
resulting increase in erosion rates. 

A given acreage ofland utilized for cropland 
(with the exception of some reserve) cannot 
tolerate lengthened rotations and still provide 
required production. Widespread crop rota
tion has its economic limitations, and it pre
sents a barrier to increasing the amount and 
quality of cover on the land to effect further 
reductions in erosion rates. It is not known to 
what extent rot_ations and acreage shifts could 
be made to accomplish reduced erosion rates. 
However, there are severe' limitatioris on- the 
frequencies of rotations or other changes in 
farming patterns. 

The erosion and sediment problem in the 
Maumee area (Planning Subarea 4.2) is par
ticularly acute from the standpoint of sedi
ment_ volµme. Economic projections show a 
steady increase in demand for row crops from 
the present to year 2020. Row crop acreage will 
increase by-nearly 25 percent during the next 
50 years. Planning Su bare a 2.3 shows a similar 
percentage increase but a different pattern. 
Much of the increase comes during the 2000 to 
2020 interval. These two planning· subareas 
are particularly significant because of their 
contri_butions of sediment to the whole Great 
Lakes system and because of their concentra
tions of cultivated_ crops. Problems from 

Solutions 79 

sedimentation in these pianning subareas will 
remain intense and will influence all aspects 
of water utilization including water ·quality, 
dredging, and others. 

In Planning Subarea 2.2 erosion rates on 
agricultural land are the highest in the Basin. 
This area contributes largely to the Missis
sippi River drainage. Only part of the plan
ning subarea affects the Great Lakes directly. 
.The projected rates of erosion in this planning 
subarea show a gradual decrease in the future 
because of the removal of agricultural land 
from production an·d the sprE:ad of urbaniza
tion in the Chicago and Milwaukee areas ... Ero
sion rates in Planning Subarea 2.1 are suffi
ciently high, and will remain high enough to 
cause extensive water quality and navigation 
problems. The rates of erosion in Planning. 
Subareas 3.2 and 4.1 have widespread effects 
on water quality and navigation. These prob
lems will intensify, particularly in Planning 
Subarea 4.1, because of the projected popula
tion growth in the Detroit region and the con
tinual rise in demands for better water quality 
standards. 

The influence of the rates of erosion from 
agricultural land will remain strong in Plan
ning Su bare a 4.3 during the next 50 years. As 
in Planning Subarea 4.1, the effects on water 
quality and on navigation facilities will be of 
urgent concern. The planning subareas lying 
to the east, PSAs 4.4, 5.1, and 5.2, will also be 
subjected to a continuous combinatlon of 
water quality, navigation, and other sedimen
tation problems because of erosion on agricul
tural lands. 

The nature of erosion and sedimentation 
problems in the planning subareas lying in the 
more northern parts of the Great Lakes Basin 
are generally more localized because of the 
limited and spotty _location of agriculture in 
these regions. These damages influence a wide 
range of land a·nd water uses, including fish 
and wildlife, water quality, and certain 
aesthetic aspects. Erosion and sedimentation 
rates will remain relatively constant during 
the next 50 years. Projected land use changes 
and reductions of cropland acres in Planning 
Subareas 1.1, 1.2, 3.1, and 5.3 are not extensive. 

Grade stabilization and other structural 
measures to control erosion should be im
plemented. A variety of structural measures 
is used for this purpose. They include grade 
stabiJiz·ation structures to prevent the degra
dation of waterways and other channels by 
erosio_n. ·They also include diversions to pro
tect susceptible areas from intense erosion, 
and various bank protection measures. Some-
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times farm ponds serve as grade stabilization 
structures as well as sources of water. 

The conservation measures applied to date 
(1969) in the Great Lakes Basin include ap
proximately 5,000 grade stabilization struc
tures, 350 miles of stream bank protection 
works, and 36,000 farm ponds. The effect of 
these works on the,reduction of erosion rates 
and sedimentation damages is not known. The 
locations and purposes of these various works 
are too complex to evaluate. The needs for 
structural works for erosion protection in the 
Basin are not known. 

The present and projected rates of erosion 
might be decreased by: 

(1) promoting as widespread a use of crop 
rotations as possible under the limitations im
posed by economic conditions 

(2) promoting extensive utilization of 
ground cover and minimum tillage on culti
vated land 

(3) promoting widespread programs for 
supporting mechanical erosion and grade con
trol structures 

(4) maximizing land use adjustments in 
order to concentrate intensive cultivation on 
the least erosive land 

(5) periodically diverting production from 
normally used cropland to reserve acreage. 
Reserve acres, normally in sod, can be broken 
out occasionally for row· crops. This provides 
more cover to normally used cropland. The net 
effect (because of the soil tilth factor) is less 
erosion. 

(6) promoting agricultural research in 
those areas of management thatinvolve mois
ture infiltration, permeability, and resistance 
to erosion 

Items (2) and (3) offer the greatest potential 
in the long run for reducing gross erosion 
rates throughout the Basin. Both of these ap
proaches are physically feasible on wide
spread acreages, and both incur a minimum of 
economic restraints in their adoption. 

12.3 Erosion and Sedimentation-Forest 
Land 

Forest land in the various planning sub
areas was included in the c-0ver,factors used to 
compute the sheet erosion rates- in Section 4. 
Forest land is.considered separately here be-

-· cause of its different management and erosion 
control problems. Forest cover varies greatly 
because of soil, topography, climate, and the 
past activities of man. Forest land is generally 
characterized by a vegetative canopy above 

the ground surface, a layer of decayed and 
undecayed plant remains on the surface, and a 
system of living and dead roots within the soil 
body. These conditions insulate the soil 
against the impact of rain, obstruct overland 
flow, and retard movement of soil by wind and 
water action. These conditions reduce erosion 
and sediment production to a minimum rate. 

Despite forest characteristics that reduce 
erosion and sedimentation, accelerated ero
sion is occurring on approximately 139,000 
acres of State, county, and private forest land. 
Major causes of erosion on forest land include: 
damage to cover from cutting and logging ac
tivity; damage to cover because of fires, graz
ing, and recreation; and damage to land re
verting to forest cover from other land use on 
which adequate cover conditions have not Je
veloped. 

Erosion control measures are needed to pro
tect logging roads and log skid trails. Pro
grams for fire and grazing control, improved 
harvesting methods, and reforestation and 
forest stand improvement are needed to en
hance cover conditions· and to minimize ero
sion rates in forested areas. 

12.4 Erosion and Sedimentation-Urban 
Erosion 

The problems· associated with erosion and 
sedimentation that occur during construction 
activity in the expanding urban complexes in 
the Great Lakes Basin assume major propor
tions in some of the planning subareas. Com
puted estimates indicate that erosion from 
this source accounts for approximately 10 per
cent of the gross erosion in Planning Su bare a 
2.2, which includes the Chicago and Mil
waukee metropolitan areas. Projections indi
cate that this rate will increase 30 percent by 
the year 2020. This increase is due to both an 
accelerated rate of building and a continu
ously larger proportion of urbanization in the 
planning su bare a. 

Urban-related erosion accounts for 13 per
cent of the gross erosion in Planning Subarea 
4.1 and approximately 17 percent in Planning 
Subarea 4.3 because of-the Detroit and Cleve
land metropolitan areas. By 2020 these rates 
wi)l increase to approximately 35 percent in 
Planning Subarea 4.1 and to nearly 40 percent 
in Planning Subarea 4.3. Urban erosion 
sources in Planning Subarea 2.3, where there 
are several smaller metropolitan areas, ac
count for two percent oft he gross erosion, and 
it will increase to three 'percent by the year 
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2020. The other planning subareas that have a 
substantial amount of urban construction ac
tivity, Planning Subareas 2.1, 3.2, 4.2, 4.4, 5.1, 
and 5.2, have erosion rates from these sources 
that range from less than one percent to five 
percent of the .gross erosion. 

The solutions tei erosion problems and resul
tant sedim·entation from urban erosion are 
similar to those associated with agricultural 
land. The need exists for control practices to 
minimize erosion on construction _sites. A re
cent publication by the National Association 
of Counties Research Foundation• outlines 
guidelines by which community action pro
grams for erosion and sedimentation control 
can be established. This type of program and 
the many technical standards and specifica
tions for soil conservation control measures 
available may offer· the best approach to 
urban erosion problems. 

12.5 Erosion and Sedimentation-Other 
Sources 

There is ample evidence that the inflow. of 
solids, which can be generally described as 
urban waste debris, affects the water re
sources in the many urban areas of the Great 
Lakes Basin. The quantity of solids in the 
Water resources from this source needs to be 
studied. Urban debris includes settled dust 
from the burning of immense volumes offuels, 
discharge of wastes from industrial process 
and sewage treatment, and a multitude of 
other sources such as garden plots, driveways, 
littering, and wind-scattered trash. 

Organic solids also accumulate in the Basin 
water bodies. This material is influenced by 
the nature of the runoff water and its sedi
ment load from adjacent lands. The plankton 
growth in the water bodies produces these or
ganic solids, but the inflow of organic debris, 
such as leaves and branches, also contributes 
to their accumulation. 

12.6 Needed Legislation 

All of the States·•in the Great Lakes Basin 
have laws that provide· for the creation of soil 
conservation distnicts. These districts, which 
are governed by local boards of directors, pro
vide local leadership to deal with soil erosion 
and other soil conservation problems. The 
Michigan Soil Conservation Districts Law, 
Act 297 of the Public Acts of 1937,7 originally 
contained sections that provided for adoption 
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and enforcement of land use and treatment 
regulations. These sections were repealed in 
1945 because districts preferred to provide 
voluntary technical assistance on erosion con
trol to those requesting help. A spirit of volun
tary participation in sound land use and man
agement prevails in all the soil conservation 
districts within the Great Lakes States. In re
cent years the soil conservation districts have 
been~revising their operations to broaden 
their assistance into nonagricultural areas. 

Detrimental effects to water quality from 
erosion and sedimentation have generally 
been handled by water quality control acts. 
These acts, which generally establish water 
quality standards, handle the problem of sed
iment in terms of allowable concentrations of 
suspended colloidal and settleable materials. 
In these acts, sediment is considered a pollu
tant when it enters a stream. Therefore, it 
should be abated. However, the laws are 
geared to handling a much smaller number of 
cases than a sediment policing program would 
entail. Staffs on all levels of government are 
too small to efficiently administer the sedi
ment control programs proposed in th,,-se acts. 

T-he Michigan Real Estate Plat Act and its 
recent amendments may aid the solution of 
sediment and erosion problems in the Great 
Lakes Region. This act, and its recent 
amendment, Act 288 of the Public Acts of 1967, 
State of Michigan, is primarily a planning and 
zoning act passed to encourage orderly 
growth. However, this act could provide au
thorization for local authorities to influence 
design and construCtion procedures in order to 
minimize erosion during the construction 
phase. 

In the Great Lakes States legislation that 
would give local governmental entities the au
thority to establish broad regulatory ordi
nances is needed. This authority should be 
given to existing agencies or to new commu
nity action agencies. The implementation of 
these local programs should probably utilize 
cutoff date procedures. By this method local 
governments would be given ample time to 
establish their own codes of ordinances, which 
would fit their particular situations. If the 
local governments did not establish such regu
lations by cutoff dates, State-established reg
ulations would prevail. Guidelines for these 
local ordinances should follow the commonly 
accepted standards and specifications for ero
sion control measures and State standards for 
water quality. 

Sediment control ordinances have emerged 
to date in the rapidly developing urban areas 



82 Appendix 18 

as a means of giving so-me measure of protec
tion to local water quality from problems as
sociated with sedimentation. The following is 
a sample ordinance taken from the Commu
nity Action Guidebook for Soil Erosion and 
Sediment Control. 9 This. ordinance, for 
Montgomery County, Maryland, is one of the 
earliest regulatory measures of its type in the 
United States. • 

Sedimentation Contr.ol Ordinance 
Montgomer'y County, Maryland 

In the Spring, 1965, a sediment control task force, 
formerly appointed by the Montgomery County Coun
cil, completed development of a proposed sedimenta
tion control program for the county. The Council sub
sequently made the program stated county policy and 
solicited the voluntary cooperation of the building in
dustry. Two years later (6/27/67), the council made 
sedimentation control mandatory through adoption 
of an amendment to the county's subdivision regula
tions, Chapter 104, as codified in the Montgomery 
County Code. This amendment, which represents the 
county's sedimentation control ordinance, follows: 

Amend Sec. 104.24 Preliminary Subdivision Plan
Approval Procedure by adding new subsection (i) as 
follows: 

(i) Sediment Control. The approval of all pre
liminary plans and extensions of previously approved 
plans shall include provisions for erosion and sedi
ment control, in accordance with the Montgomery 
County Sediment Program, adopted by the County 
Council June 29, 1965. • 

(1) The Board, in its consideration of each pre
liminary plan or extension of previously approved 
plan shall condition its approval upon the execution 
by the subdivider of erosion and sediment control 
measures to be specified by the Board after receiving 
recommendations from the Montgomery County Soil 
Conservation District. 

(2) One· copy of each approved:preliminary plan 
or extension of previously approved plan shall be re
ferred to the Montgomery Soil Conservation District 
for review and recommendation as to adequate ero~ 
sion and sediment control mea·sures to Prevent dam
age td other properties. 

(3) The installation and maintenance of the 
specified erosion and sediment control measures shall 
be accomplished in accordance with standards and 
specifications on file with the Montgomery Soil Con-· 
servation District. 

(4) Permits for clearing and grading p·rior-to the 
recordation of plats shall be obtained from the De
partment of Public Works subject to the granting of 
temporary easements and other conditions• dee"rhed 
necessary by the Department in ·order to inspect and 
enforce the performance of the specified erosion and 
sediment control measures provided for in subsection 
(1) above. • 

(5) In the event the subdivider proceeds to clear 
and grade prior to recOrding of plats Without satisfy
ing the conditions specified under Sec. 4, the Board 
may revoke the apprcival of the preliminary plan or 
extension of previously approve~ plan. 

Amend Article i, Section 23-2 General Requirements 
(o'r subdivision plans) by the addition ·of a new para-

graph to be known as 23-2 (1) _to read as follows: 
(1) Erosion.and Sediment Control Measures. 

Adequate control of erosion and sedimentation of 
both a temporary· and permanent Ilature shall· be pro
vided during all phases of clearing', gradlng and con
struction as approved by the Director. 

Amend Section 23-8, Preliminary·Plats-Preparation 
by the Addition new paragra.ph to be known as 23:...S(g) 
to read as follows: (Pieliminary plats shall include a) 

(g) Statement that Erosion and Sediment control 
methods shall be provided prior to any clearing, grad
ing or construction. 

Amend Article 2 ofChapter23 by the addition of a new 
paragraph to Section 23-12. Einal Plats-Approval to 
be-known as 23-12(c) to read as follows: (Plats shall be 
approved only it) 

(c) Plans and specifications for the control of ero
sion and sediinentation, if such controls are deemed 
necessary, have been submit.t_ed and approved by the 
Director of Public Works or his agent. The approval 
shall be concurrent with the approval of the aforesaid 
plans and specifications, and become a part thereof. 

12.7. Position Statement on Regulation 

The Work Group on Erosion and Sedimenta
tion takes the position that regulatory mea
sures for the control of erosion and sedimenta
tion should be adopted. The spirit of the regu
lation should not only be to eliminate nuisance 
erosion situations, but it should also be di
rected toward protection,- preServation, and 
enhancement of water and related resources. 

Voluntary action to minimize detrimental 
effects from the inflow of sediment and other 
solids should be strongly encouraged. The 
community action guidebook' recognizes 
that sedimentation control programs that ap
pear to work best are those that initially 
evolve from voluntary action. The voluntary 
approach, as far as it can be effectively 
exploited to achieve real results, should be 
utilized. ! 

The work group recommends a second av
enue of approach that is similar to the purely 
voluntary. This is utilization of a system of 
incentives. Agriculture has had a program for 
years in the form of the Agricultural Conser
vation Program (ACP). This program has 
reimbursed farmers for· installing agricul
tural conservation practices-many _of them 
for erosion controL This program, recently re
named Rural Environmental Assistance Pro
gram (REAP), has provided farm operators in
centive to apply erosion control measures. The 
possibility of extending this type. of incentive 
program into the urban sector as it relates to 
runoff ofsediment and other solids should be 
investigated. The incentive should be .in the 



form of cost-sharing on measures used to di
rectly control these solids. The possibility of 
utilization of a special tax write-off justified 
on environmental enhancement should be 
explored. 

The work group recognizes the fact that 
control ordinances are essential in order to 
achieve the results desired. by society in many 
situations. Ordinances designed to control the 
inflow of sediment from erosion and other 
sources may be essential in order to approach 
the levels essential for water quality. . . . ··- ' -·. --- - . . '...... 

Regulation to control sedimentation and 
suspended solids must be uniformly applied to 
all sources if water quality is to benefit. If an 
ordinance is established to regulate the sub
division developer because of pollution result
ing from erosion and sedimentation, why 
shouldn't the farm operator be regulated in 
t.he same way? Under lax management both 
types of operations can produce sediment that 
becomes a nuisance and affects local water 
resources. But it does not stop here. There is 
ample evidence that wastes from established 
urban areas contribute large quantities of sol
ids to adjacent watercourses and lakes. These 
solids constitute the same debasement of 
water quality as do solids from erosion of land. 
When we point the finger at a sediment pollu
ter, we-end up with a circular arrangement. 
The urban people point to the subdivision de' 
veloper, the developers point to the farmer, 
and the farmers point back to the urban areas. 

A complex legal involvement could stem 
from a regulatory effort, but this is no reason 
to sidestep the problem. Perhaps this is one of 
the prices to be paid for ultimately reaching 
the clean water goal. The Erosion and 
Sedimentation Work Group endorses a system 
of regulatory ordinances, while it strongly 
urges the exploitation of voluntary and incen
tive systems to fulfill as many aspect's of the 
goal as possible. 

12.8 Other Needs 

Other needs include the expansion of ongo
ing long-term programs and improvement of 
their effectiveness in the control and reduc
tion of erosion. New long-term programs are 
needed to attack problems of erosion and 
sedimentation that have not previously been 
solved. Two major problem areas are organic 
sediments and control of waste debris from 
urbanized areas. Numerous short-term pro
grams are needed in order to correct undesir
able erosion and sedimentation on roadsides, 
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difficult areas in the red-clay areas in Wiscon
sin and Minnesota, and critical shore erosion 
problems along the Lakes. 

There is a vital need for an aggressive educa
tional program to stimulate public awareness 
of the factors involved in developing and con
ducting successful programs to reduce erosion 
and sedimentation problems. This program 
will very likely be associated with overall con
servation and environmental educational 
programs. The program should include con
centration on c_lassroo111 curr_iculum, informa• 
tional -promotions, and public relations as
pects. 

Two broad categories of alternatives to re
duce erosion and sedimentation rates and 
damages have already been covered: inten
sification of land treatment applications and 
the installation of erosion control ordinances. 
Another broad category of alternatives in
cludes mitigating measures to control the 
damages that result from erosion and runoff 
of other solids. These measures are, in a sense, 
backup or secondary defense measures. 

A massive program of land treatment for 
erosion control will help provide the protec
tion needed to reduce sedimentation to levels 
necessary for future requirements. However, 
land treatment alone cannot be expected to do 
the job. The data presented in Section 1, 
Trends in Erosion Rates, comments made in 
this section, and information presented in var
ious other sections point to the validity of this 
conclusion. Various techniques must be em
ployed to backup the task of reducing solids to 
levels that will satisfy future requirements. 

The techniques used will logically center on 
methods of removing solids either by gravity, 
chemical treatment, or advanced procedures 
using other principles. Present technology 
provides two ways by which solids may be re
moved in relatively massive quantities in an 
economical manner. The first is desilting ba
sins. This method has been employed for many 
years by -building basins exclusively for this 
purpose and by including provisions for de silt
ing in multi-purpose reservoirs. The process 
involves keeping the water still and eliminat
ing turbulence for periods long enough to set
tle the solids. The remaining clean water is 
then decanted from the basin. 

One major feature of gravity desilting that 
places severe limitations upon effective re
moval of solids is its dependence upon the fall 
velocities of sediment particles. Fall velocity is 
the rate at which a solid particle in suspension 
will settle. Coarse, heavy particles settle 
rapidly whereas very small, colloidal fractions 
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of solids settle very slowly. The problem then 
is detention time in a basin. The effectiveness 
of a desilting basin is a function of the 
capacity-inflow ratio and the particle size of 
the solid materials to be settled. To settle fine 
particles by gravity usually requires large res
ervoirs in order to achieve high sediment 
trap efficiency. 

The second available method of removing 
suspended solids is by means of chemical floe-. 
culants. This method involves the treatment 
of water by. polymers,that collect suspended 
particles into aggregates, which settle out 
rapidly. The advantage of this system is that it 
is particularly effective with the finer-sized 
sediment particles. Its disadvantage is the 
necessity of special installations to treat the 
sediment-laden water systematically. Be
cause larger quantities of solids can be re
moved by the flocculating technique by using 
very small concentrations of polymer chemi
cals, the method is economically justifiable 

where the demand for good quality water is 
reasonably strong. 

The facts indicate that future land and 
water resource planning will need to make pro
visions for trapping and disposing of solids 
from runoff water if clean water is an objec
tive. There is a need for the development of 
more precise methods of predicting sediment 
yields under the variable watershed condi
tions. More efficient methods, in terms of time 
and cost, for the removal of solids from water 
must be developed, and ways ofretrieving and 
utilizing bulk solids from the water must be 
found. Econo·mic costs for storage space of un
utilized waste solids may become a prohibitive 
factor in many areas of the Great Lakes Basin. 

Erosion and sedimentation problems are 
complex and will become more complex as the 
desire for a better quality environment grows 
and as the economic pinch demands greater 
efficiency. 



SUMMARY 

Economic damage from erosion and 
sedimentation in the Great Lakes Basin is ex
tensive because of the intensively used.water 
and land resources arid the demand for a high 
level of water quality. Eco,nomic barriers exist 
that may. prevent thie' reduction of erosion 
rates on agricultural cropland by the exten
sion of crop rotations and supporting erosion 
control practices. Economic factors dealing 
with the projected demands for row crops limit 
the amount of land that can be placed in rota
tions. These factors include more stand-over 
years of cover crops. Rotations must be used in 
conjunction with erosion control practices. 
Massive programs using ground cover crops 
in conjunction with row crops and minimum 
tillage must be promoted. 

A land treatment program for erosion con
trol cannot be expected to do the whole job. 
Extensive backup systems to control the in
flow of sediment and other solids are needed. 
These systems include de silting basins or pro
vision for deposition of solids in multiple
purpose reservoirs. Systems for flocculating 
solids chemically or by other processes will be 
needed. The complexity of these systems will 
depend upon the levels of suspended solids 
that can be tolerated in local water resources. 

Present erosion rates in the Basin are 75 to 
80 percent of those that would exist if no con
servation erosion control program existed in 
the Basin. This program includes crop rota
tions on 30 percent of the cropland and sup
porting mechanical erosion control practices 
on three percent of the cropland. A completed 
conservation program using conventional ro
tations and supporting practices would reduce 
erosion rates to approximately 25 percent of 
those that would exist ifthere were no erosion 
control program in the Basin. Only the appli
cation of intensive ground cover crop and 
minimum tillage systems would reduce ero
sion rates to a level that would approach 
natural rates. The annual cost to install and 
maintain a conservation erosion control pro
gram to maintain longtime sustained produc
tivity is nearly $25 million. A massive program 
of cover crops to minimize erosion rates would 
cost considerably more. 
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The current average annual gross erosion 
rate for the entire Great Lakes Basin is ap
proximately 2 tons per acre per year. This rate 
varies from 0.1 ton per acre in the northern 
forested counties to 8.0 tons per acre per year 
for counties in the intensely cultivated south
ern part of the Basin. Economic projections 
for row crops and other cover conditions indi
cate that gross erosion rates will gradually 
drop until the year 2000 (with the exception of 
the intensely cultivated northwestern Ohio 
area). These rates will show sharp upturns 
after year 2000 in many of the planning sub
areas. 

The longtime average annual sediment 
yields from the larger river systems range 
from a few tons per square mile to more than 
200 tons per square mile. The St. Louis River 
at Duluth, Minnesota, yields an estimated. 
three tons per square mile, and the Maumee 
River at Waterville, Ohio, has a measured 
longtime average annual yield of 173 tons per 
square mile. The Cuyahoga River at Indepen
dence, Ohio, has a longtime average annual 
measured yield of 254 tons per square mile. 
This last yield illustrates the influence large 
metropolitan areas have on the yield of solids, 
which include large quantities of urban waste 
as well as soil from erosion. The projected sed
iment production rates in the Great Lakes 
Basin are similar to those for gross erosion 
rates. 

Erosion from urban construction activity 
currently produces five percent of the gross 
erosion in the Basin. Projected population and 
economic growth indicate that this rate will 
increase to 10 percent of the gross erosion in 
the Basin by the year 2020. An urban erosion 
index was developed for each of the 18 met
ropolitan complexes in the Great Lakes Basin. 
These are indicators of the longtime average 
annual potential erosion from construction 
sites. The indexes vary, because of relief, soil, 
and climatic differences, from 85 tons per year 
in the Buffalo, New York, area, to 200 tons per 
acre of disturbed land in the South Bend
Elkhart, Indiana, area. These rates assume 
that there are no on-site erosion control mea
sures. 
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Streambank erosion is a frequent problem 
throughout the Basin. Moderate to severe 
damage occurs on nearly 11 0000 bank miles 
along the watercourses oft he Basin. This ero
sion is estimated to cause 1.4 million dollars 
annual damage. The damage consists of 0.6 
million dollars from sedimentation, 0.6 million 
dollars from direct land loss, and 0.2 million 
dollars from other damage. 

Dredging of sediment removes approxi
mately 10.8 million cubic yards from Great 
Lakes harbors and navigation channels each 
year. This dredging is done periodically in 115 
harbors. Lake Erie harbors receive the most 
dredging, primarily at Cleveland and Toledo. 
Direct relationships between measured 
sedimentation rates and dredging are very 
difficult to find because of the complex nature 
of the distribution of sediment, the different 
methods of dredging used, and the irregular
ity of dredging activities. The benefits of using 
diked areas for the disposal of dredge mate
rials to protect the quality of lake water are 
not clearly defined. 

A limited number of locations along the 
streams in the Basin are periodically sampled 
for suspended sediment. The Cuyahoga River 
at Independence, Ohio, the Maumee River at 
Waterville, Ohio, and the St. Marys River at 
Ft. Wayne, Indiana, have good longtime con
tinuous sampling records. Reservoir sedimen
tation surveys have been made and the results 
have been reported for 49 reservoirs in the 
Great Lakes Basin. The total original capacity 
of these reservoirs is 262,000 acre-feet. The 
surveys indicate that 37,500 acre-feet of this 
total capacity have been lost by sedimentation. 
Sedimentation rates in these reservoirs vary 
from a fraction of one percent to several per
cent in loss of capacity each year. Organic sed
iment is an important aspect of reservoir 
sedimentation in the Great Lakes Region. 

Gully and other channel erosion occurs most 
frequently in parts of the Lake Ontario basin 
and in parts of the Lake Superior basin (red 
clay area). Wind erosion is the most severe in 
the counties in the Lake Michigan and Lake 
Huron basins. Damage from infertile over-

wash on productive flood plain soils is not an 
extensive problem in the Basin. Only in one 
percent of the counties is it recognized as a 
severe problem. Sedimentation in drainage 
and other channels is the most severe in the 
Lake Erie and Lake Ontario basins. Erosion 
along roadsides is a frequent problem that oc
curs throughout the Basin. Table 18'-47 rates 
the intensity of erosion and sedimentation 
problems and the need for controls in the indi
vidual planning subareas. 

The basic erodibility characte.ristics of the 
soils in the Basin vary by as much as 100 per
cent between the sandy soils and the clay soils. 
Slope steepness and slope length are quite var
iable, and much of the land surface in the 
Basin is irregular and hummocky with poor to 
imperfectly developed drainage patterns. The 
intensity of the rainfall, as it relates to quan
titative analysis of erosion, varies by as much 
as 100 percent between the northern and east
ern parts of the Basin and southern and west
ern parts. 

The Great Lakes Basin is part of the Central 
Lowlands Province with extensions into the 
Superior and Adirondack highlands of the 
Laurentian Upland and into the Allegheny 
section of the Appalachian Plateau. The sur
face of the Basin ranges in elevation from 250 
to nearly 3,000 feet. The age of the bedrock 
extends from Precambrian in the Laurentian 
Upland to Devonian in the Allegheny Plateau 
section. 

The Basin is covered by a thick blanket of 
glacial drift over most of its surface. This gla
cial drift surface was molded by the Tazwell, 
Cary, and Port Huron substages of the Wis
consin glacial stage and by the various glacial 
lake stages associated with the advance and 
retreat of the ice sheets. The soils in the Basin 
are developed in a wide variety of material. 
These materials include stratified glacial 
drift; undifferentiated glacial till; outwash 
silt, sand, and gravel; and lacustrine clay, silt, 
and sand. The soils have various origins, and 
they range from the prairie types (Molli sols) to 
the gray-brown podzolics (Udalfs) to the pod
zols (Orthods). 
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TABLE 18-47 Ratings of the Intensity of Erosion and Sedimentation Problems (on a scale of 
intensity increasing from 1 to 5) 

Planning Subareas 

Problem or Needed 
Control 1.1 1.2 2 .1 2.2 2.3 2.4 3.1 3.2 4.1 4.2 4.3 4.4 5.1 5.2 5.3 

Application of Erosion 
Control Practices on 
Agricultural Cropland 
and Pasture Land 1 1 5 5 5 4 2 5 4 5 3 3 4 4 2 

Land Use Adjustments 
for Erosion Control 1 1 5 5 5 4 1 3 ,2 4 2 3 2 5 4 

Measures to Control 
Erosion from ·Urban 
Construction 3 1 3 5 4 2 1 4 5 4 5 4 3.5 4 1 

Control of Gully and 
Roadside Erosion 5 3 4 3 4 3 2 3 3 4 3 4 4 4 3 

Control of Streambank 
Erosion 3 5 4 3 4 5 4 4 4 4 3 1 1 2 1 

Control of Wind Ero-
sion 2 2 4. 4 5 5 3 4 4 4 3 4 4 4 2 

Control of Sediment 
in Drainage Ditches 2 1 4 4 4 3 3 5 4 5 3 4 4 2 

Control of Infertile 
Overwash on Bottom-
land Soil 2 1 3 4 3 3 2 2 3 4 3 3 2 2 1 

Control of Sedimenta-
tion in Navigation 
facilities 4 3 4 4 4 3.5 2 4. 5 5 5 4 3 2 1 

Control of Sedimenta-
\ tion for Water Quality 3 2 4 5 5 3 2 4 5 5 5 4 4 4 3 

Need for Mitigating 
Measures (Desilting Ba-
sins and Flocculating 

' Systems) 3 2 4 5 5 3 2 4 4 5 4 4 4 4 3 



GLOSSARY 

abrasion-wearing away by friction, used in· 
connection with streambank erosion. 

acre-foot~a volume that would cover an area 
of one acre to a depth of one foot. 

acres of associated facilities~in urban de
velopment, areas of land used for roads, 
shopping centers, industrial parks, schools, 
etc., in association with the acres of land 
used for residential building. 

bank mile-there are two bank miles in each 
mile of a stream channel. 

bottomland scour-rosion of the surface of 
.lowland alluvial soil by water. 

c value-a factor based on a maximum value of 
1.0 that reflects the effectiveness of vegeta
tive land cover in controlling erosion. The 
factor is used in the universal soil loss equa
tion. 

capacity inflow ratio-the capacity of a reser
voir in watershed inches divided by the av
erage annual inflow in watershed inches. 

- c 

channel sedimentation-disposition of sedi
ment in a channel where the transporting 
capacity and the duration. of channel flow 
have been insufficient to remove sediment 
as rapidly as it has been delivered. 

cohesive properties-soil terminology expres
sing the degree of force holding like particles 
together, or the intensity of molecular at
traction, 

conservation needs inventory-an inventory, 
based upon sampling from soil surveys, of 
soil, slope, erosion, land use, and other fac
tors. Needed conservation practices are also 
recorded. A given percent ofan area, gener
ally a county, is sampled. The data are ex
pandecl to the entire area. 

delivery ratio-the percent of total solid input 
to a stream system that reaches a given 
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downstream point in the wate.rshed. 

density of dredged material-the unit dry 
weight, usually in pounds per cubic foot, of 
dredged material. -

deposition-the· accumulation of material 
(sediment) dropped because of slackening 
movement of the transporting agent
usually water, sometimes wind, or ice. 

drainage density-ratio of the total length of 
all drainage channels in a drainage basin to 
the area-of that basin. 

drift plain-rock debris transported by 
glaciers and deposited directly by ice or 
meltwater and left on undulating to 
steeply sloping plains. 

eroded material-the material that has been 
removed from a location by the erosive force 
of wind, water/ or ice. 

erosion-the group of processes whereby 
earth or rock material is loosened or dis
solved and removed from any part of the 
earth's surface. 

erosion, accelerated~an increase in the rate of 
erOsion over the normal, natural rate. 

erosion, channel-rosion of the sides and/or 
bottom of a channel. 

erosion. damage-the direct damage done, 
generally to land, by the erosion processes; 
Included are loss of topsoil orother soil mass 
by sheet, wind, or voiding in gullies or 
trenches. Damages are expressed in terms 
of dollar loss of productivity or in costs of 
repair. 

erosion, geological-normal erosion that takes 
place in nature without, the influence of 
man~ 

erosion, gross rate of-total erosion from all 
_ sources in a given area.expressed in tons per 
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·acre.per year. These sources include sheet, 
• gully, wind, streambank, roadside, etc. 

erosion, rate of-the average quantity of 
material that is eroded from an area in a 
certain period of time. Usually.expressed in 
tons per,acre per year from some single form 
of erosion. 

·erosion, rill-removal of soil by runningwater, 
with formation of a small furrow that can be 
smoothed out by normal plowing. 

erosion, roadside-erosion of a road berm 
and/or the ·banks and· bottom of a roadside 
ditch. 

erosion, sheet-the removal of a fairly uniform 
layer of soil from the land surface by runoff 
water. 

erosion, shore-the recession of a lakeshore by 
the various hydraulic erosion processes. 

erosion, streambank-removal of soil from the 
bank of a stream by the erosive force of the 
stream and/or by the force of rain falling on 
the banks. 

erosion, urban-the erosion on land exposed 
during the development of urban type im
provements such as residential subdivi
sions, business and industrial areas, and as
sociated improvements. 

erosion, wind-the removal of soil particles by 
the erosive force of wind. 

fall velocity-a term used in soil mechanics en
gineering referring to the distance fine solid 
particles (of various size, density and shape) 
fall by gravity through a liquid medium such 
as water,-in a given period of time. 

flocculate-the process of aggregation of fine 
suspended soil particles into larger, settle
able sediment particles. 

gaged cross section-the cross-sectional area 
• of a stream channel that has been rated so 
that the rate of flow in the stream can be 
determined by measuring the water surface 
elevation. 

gully-a channel cut by concentrated runoff 
through which water flows only during or 
immediately after heavy rainfall. A gully is 
sufficiently deep that it is not obliterated by 

normal cultivation practice and is too deep 
to be crossed by wheeled vehicles. 

•ground cover-a general reference to vegeta
tive growth with sufficient foliage to largely 
cover an erodible soil surface. 

infertile overwash-the • deposition of sterile 
soil debris, such as sand, gravel, stones, or 
silt and clay on productive flood plain land. 

internal drainage-the downward movement 
of water through a soil profile. Texture, 
structure, and ·other characteristics deter
mine the rate. Internal drainage is express
ed generally as poor, imperfect, moderately 
good, good, or excessively good. 

interfluves~the district between adjacent 
streams .,flowing in the same general direc
·tion. 

isogreros lines-lines of an isogram that con
nect points of equal rates of gross erosion. 

isosetay lines-lines on an isogram that con
nect points of equal rates of sheet erosion. 

k value-a factor used in the universal soil loss 
equation to reflect relative basic erodibility 
differences of soils. 

land management~a broad term that covers a 
wide range in both type and levels of land 
utilization. 

·land reshaping-massive movement of earth 
materials to achieve a desired combination 
of slope steepness .and contour. 

land voiding-massive removal ofsoil material 
by the erosive force of.water. Similar to gully 
development. 

land use shift~a change in the trend of land 
use over a period of time. 

littoral drift-the lateral movement of sand 
and other materials in the shallow water of 
shore and coast areas. 

maintenance dredging-the periodic dredging 
of sediment from rivers and harbors· to 
maintain navigation facilities, 

minimum tillage-cultivation practice that 
minimizes amount of ground cover and its 
duration in protecting cropland from erositin. 



net drainage area-that part of a watershed 
that is "uncontrolled" and contributes sed
iment and runoff directly to the downstream 

- reach through the natural hydraulics ofthe 
system. 

organic sediment-a low density, high organic 
accumulation on the bottom _of reservoirs, 
lakes, channels, and other water-inundated 
areas. 

parent material-the unconsolidated, chemi
cally weathered mineral or organic material 
in which a soil solum (A & B horizons) is 
developed. 

rainfall factor, ·R-a numerical expression of 
rainfall used in the universal soil loss equa
tion. It is expressed as a rainfall erosion 
index that is a summation at a particular 
location of the longtime-average yearly 
total of EI values. An EI value is the product 
of total kinetic energy of a storm times its 
maximum 30 minute intensity. 

sediment-solid material, both mineral and 
organic, that has been deposited within a 
water impoundment or in a channel. 

sediment concentration-the amount of sus
pended sediment in water expressed ·as 
parts per million by~weight or as a percent 
by weight. 

sediment discharge (load)-the quantity of sed
iment, expressed either by weight or by vol
ume, that is transported through a stream 
cross section in a given time. It includes both 
suspended load and bed load. 

sediment production-a general term that ex
presses the total sediment quantity, in tons 
or acre feet, that reaches a given point or 
area in a stream system during a given time 
interval. ' 

sediment, suspended-solid material being 
carried in transport by moving water or 
solid material in more or less still water that 
is suspended in a turbid or colloidal cons 
dition. 

sediment transport-the process of moving 
sediment from its place of origin to a 
downstream point. 

sediment yield-the product of input of solids 
by erosion or other sources to a stream sys-
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tern and the delivery ratio of the stream at a 
given downstream point. Sediment yields 
continually change along a given stream 
system. 

', 
sedimentation-a broad term used to describe 

the entire process of solid accumulation due 
to settlement of solids from runoff water. 

sedimentation damage-damage to water and 
related land resources due to the presence of 
suspended or deposited sediment. 

soil resource group-a combination of soil 
units in which the broad productivity, man
agement requirements, and site charac
teristics are similar. 

soil texture-the relative proportions of the 
broad particle size classifications: sand, silt, 
and clay, in a soil mass. 

strand lines-a term synonymous with beach. 
Often used in connection with old or aban
doned -beach lines associated with former 
lake levels. 

thalweg-the line joining the points along the 
deepest part of a submerged stream chan-
nel. -

till-unstratified glacial drift deposited di
rectly by ice and consisting of clay, sand, 
gravel, and boulders intermingled in any 
proportion. 

trap efficiency-the percentage of the total 
sediment transported by tributary streams 
to an impoundment that settles out of the 
runoff water passing through the im
poundment. This trap efficiency is generally 
related to the capacity of the impoundment, 
the amount of inflow, and other factors. 

urb,an erosion index-a numerical value that 
rates an entire area into which urbanization 
is extending as to its weighted average sus
ceptibility to erosion ofland that will be de
nuded of cover in the urban construction 
process. This index weighs the following 
factors: basic soil erodibility based upon soil 
types; slope and other relief characteristics; 
and rainfall intensity. 

urban waste debris-solids entering the 
streams and other w~tercourses in urban 
areas that are deriyed from a wide variety of 
sources other than soil erosion. 
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FIGURE 18-16c Sediment Production from 10 Square Mile Drainage Areas (Tons per Year), 
Plan Area 1 
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FIGURE 18-18c Sediment Production from 10 Square Mile Drainage Areas (Tons per Year), Plan 
Area 3 
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FIGURE 18-22c Sediment Production from 50 Square Mile Drainage Areas (Tons per Year), Plan 
Area 2 
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Plan Area 1 



108 Appendix 18 

-

"' 
"' 
<( 

~ 

'f 

" 

VICINITY MAP 

15000 

t 
w~< 

i 

SCALE IN MILES 

FIGURE 18-27c Sediment Production from 100 Square Mile Drainage Areas(Tons perYear), Plan_ 
Area 2 



0 

\ 

N 

RI O 

I 

I 

T 

E 

A R I O 

N 

Appendix 18 109 

VlCINITV MAP 

SCALE IN MILES 
~ 
01020304050 

FIGURE 18-28c Sediment Production from 100 Square Mile Drainage Areas (Tons per Year), Plan 
Area 3 
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