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FINAL FEASIBILITY REPORT
LORAIN HARBOR

EROSION AND SEDIMENTATION STUDY

SECTION A - INTRODUCTION

The purpose of this section is to introduce the reader to the Lorain Harbor
Erosion and Sedimentation Study and to explain the content and organization
of this report. The section presents information on the geographical setting
of the study area; the -tudy authority; the purpose of the study; the scope
of the study; study par icipants and coordination; the organization of the
report; and prior studi s and reports in the area.

GEOGRAPHIC SETTING

The Black River consists of 120 miles of stream, which is comprised of the
main stem (15.5 stream miles), the West Branch (46.7 stream miles), the East
Branch (44.1 stream miles) and the West Fork (14.4 stream miles).

Located primarily in Lorain and Medina Counties, in northeentral Ohio, the
Black River Watershed covers 396 square miles as defined by a USGS gaging
station at Elyria, OH. Downstream of Elyria, an additional 76 square miles
contribute to the river before it empties into Lorain Harbor and the central
basin of Lake Erie. Figure 1 shows the general location of the Black River
Watershed within the Lake Erie Drainage Basin, in addition to the location of
the reaches, population centers, roads and tributaries.

The downstream portion of the Black River Watershed is largely urban,
although along the east side of the river in this area there is some agri-
cultural and forest land. The river valley has a north-northwest trend from
Elyria, north to French Creek where it breaks sharply to the west for about 2
miles and then enters the lake in a northwest direction.

STUDY AUTHORITY

This study of 3treambank and upland erosion in the Black River Watershed, OH,
is prepared as a portion of the multiobjective planning being done for the
Lorain Harbor Feasibility Study. The Lorain Harbor Feasibility Study is
being performed under the authority of a 23 September 1976 resolution by the
House Committee on Public Works and Transportation, stating:

"Resolved by the Committee on Public Works and Transportation of the
House of Representatives, United States, that the Board of Engineers
for Rivers and Harbors is hereby requested to review the report on
Lorain Harbor, OH, published in House Document No. 166, 86th Congress,
Ist Session, and other pertinent reports, with view of determining
whether any modification to the recommendations contained therein is
advisable at the present time, including consideration of the passage
and safe navigation of new and larger ships operating on the
Great Lakes."
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Through an intensive public involvement program in 1978, it was determined
that the following water resources needs at Lorain Harbor should be addressed
and evaluated under this authority.

a. Commercial navigation needs.

b. Recreational navigation needs.

c. Reduction of annual maintenance dredging.

(1) Streambank Erosion Component

(2) Upland Erosion Component

As part of the overall study of the Black River at Lorain, OH, the commercial
navigation and the small-boat harbor needs are addressed as separate volumes
to the report.

This volume of the Feasibility Report will address only the reduction of

annual maintenance dredging.

SCOPE OF STUDY

The primary objective of the Lorain Harbor Erosion and Sedimentation Study
is to determine the feasibility of reducing annual maintenance dredging at
Lorain Harbor by reducing the sediment from streambank and upland sources.
This study was conducted in two parts, one dealing with streambank erosion,
the other addressing upland erosion.

The Black River Streambank Erosion portion concentrated on identifying active
areas of streambank erosion on the Black River and its tributaries. In
addition, this portion concerned itself with estimates of streambank erosion
to both the total sediment yield of the watershed and the quantity dredged
annually from the navigational channel in Lorain Harbor, OR. Study results
that were obtained were utilized to determine the feasibility of undertaking
streambank stabilization measures in order to reduce sediment yield from the
source.

The Black River Upland Erosion portion of this study concentrated on iden-
tifying and estimating the amount of sediment which was produced and deli-
vered to the river from diffuse sources throughout the drainage basin. The
method of analysis which was employed utilized the Universal Soil Loss
Equation and included information gathered by the Soil Conservation Service
field sampling program which was performed in the basin.

These two studies of the Black River were merged in an effort to gather
qualitative and quantitative information in order to better define the
problems and needs of the Black River Watershed Study Area.

Based on the results of these studies, a determination will be made as to the
feasibility of reducing the sediment carried by the river and being deposited
in the harbor, and thus reducing the annual maintenance dredging at Lorain
Harbor, OH.

3
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STUDY PARTICIPANTS AND COORDINATION

This study is the result of a joint stuAy effort between various Federal
agencies through Interagency Agreements with the Buffalo District.

In August 1980, a support agreement was entered into with the U.S. Geological
Survey to conduct a 1-year sediment sampling program in the Black River, Ohio
Watershed. The purpose of the program is to provide sediment yield data at
various locations on the river in order to identify the prolific source areas
of sediment within the watershed. The data was coupled with discharge infor-
mation gathered by USGS in order to define the types of sediment carried by
the river system and also the total average annual sediment load (in tons)
passing the permanent gage at Elyria, OH.

The Soil Conservation Service (SCS) method of analysis for the Erosion and
Sedimentation Study employed the Universal Soil Loss Equation and included
information gathered by the Soil Conservation Service field sampling program
performed in the basin.

PRIOR STUDIES AND REPORTS

There have been numerous past studies and reports concerning the Lorain
Harbor area. The following are the reports which have addressed the problem
of erosion and sedimentation:

Reconnaissance Report on Lorain Harbor, U.S. Army Engineer District,
Buffalo, September 1978 - This Stage 1 document was prepared by Buffalo
District (September 197B, revised January 1979) under the authority of the
23 September 1976 resolution. As a result of the coordination and public
invoJ'- ment during the investigation, it was determined that more detailed
studies of commercial navigation, recreational navigation, and maintenance
dredging needs should be conducted.

Assessment of Streambank Erosion for Major Streams of the Buffalo
District, U.S. Army Engineer District, Buffalo, August 1977 - This report
summarizes the results of a preliminary assessment of streambank erosion
occurring on the major streams and rivers within the Buffalo District. The
report provides information on the general characteristics, sediment
transport, and location and extent of streambank erosion.

.4
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SECTION B - PROBLEM IDENTIFICATION

EXISTING CONDITIONS

The purpose of this section is to inform the reader of this report of the
water and related resource problems and needs, or lack thereof, in the study
area and for which this study seeks a solution. The section presents infor-
mation on the existing conditions in the general area; discusses the need for
identifying and quantifying the sources of sediment throughout the study area
(from streambank and upland erosion) and reviews the planning constraints
under which this study was conducted; discusses the specific planning objec-
tives of the study; and reviews the conditions that would exist if no Federal
action was taken.

Location of Study Area

The Black River flows northerly for about 120 miles through parts of Lorain,
Medina, Ashland, Huron, and Cuyahoga Counties. This includes the communities
of Lorain, Elyria, Oberlin, Grafton, and Wellington. Lodi is located at the
extreme southeast portion of the basin. Lorain is at the mouth of the river
where it flows into Lake Erie. Upstream, the main channel (15.5 miles)
divides at Elyria into its East (58.5 miles) and West (46.7) Branches (see
Appendix A for Basin Maps). The greatest concentration of the population is
in the metropolitan area of Elyria and Lorain.

Physiography

The Black River Watershed lies within the physiographic provinces of the
Allegany Plateau and the Erie/Ontario lowland. The area of the drainage
basin is approximately 467 square miles, about 1 percent of the entire State.
As it flows over the Allegany Plateau, it incises a steep-walled bedrock
valley. This area of the basin has a hilly topography. The lower reaches
from Elyria to the mouth flow over the flat lake plain, crossing some low
sandy beach ridges. The sinuosity, meander scars, and oxbow lakes which
occur in both East and West Branches are indications that the channels have
been migrating through time. Elevations of the basin range from 570 feet
above sea level at the mouth to about 1,130 feet above sea level at the head
waters. The average stream gradient of the Black River is 7.6 feet per mile.
The East Branch has an average gradient of 9.0 feet per mile and the West
Branch 9.9 feet per mile.

Bedrock Geology

The bedrock of the study area is part of a geologic structure known as the
Cincinnati Arch. The local bedrock from Elyria downstream is composed of
Cleveland Shale of Devonian Age. This is a blueish to brownish black shale
which turns coffee colored upon weathering. It is compact and massive,
however weathered, it becomes fissile and brittle. Pyrite deposits occur
along laminae. Upstream from Elyria, the bedrock is Mississippian Age.
Members included in this area are the Bedford and Maxville Formations. The
Bedford Shale is a grayish to dusky red shale with abundant gray shale,

5



sandstone or siltstone lenses. It ranges in thickness from 30 to 80 feet.
The Maxville is a hard limestone containing some shale. It ranges in
thickness from 0 to 200 feet.

Surficial Geology

The surficial geology of the Black River drainage basin is a result of
Pleistocene glaciation. The lacustrine deposits in the lowest reaches of the
stream are silt and clay, ranging in thickness from 5 to 50 feet. They are
commonly laminated and underlain by till. The morainal deposits which cover
the majority of the upper basin are composed of an unstratified, unsorted
mixture of clay, silty sand, and some coarser fragments. This till ranges in
thickness from 25 to 50 feet. In the upstream reaches of the Black River,
belts of sharply rolling hummocky terrain are produced by end moraines.
These are composed of unsorted, unstratified mixtures of sand, silt, clay,
and some gravel, often as much as 100 feet thick.

The sediments immediately adjacent to the stream are listed below. Beach
ridges are composed of sand and gravel. The northern reaches of the drainage
basin are composed of light colored, poorly drained lake bed silty loams.
The East and West Branch stream channels have moderately well-drained acid
soils composed of silt loam and clay loams. The remaining drainage basin is
composed of silt loams, sandy loams, and silty clay loams.

Economic Geology

In northernmost and northcentral Ohio, sand and gravel operations are a
lucrative business. The largest suppliers of these materials are in glacial
deposits. Typically, they are composed of feldspar, quartz, garnet, and
magnetite. Also, there are fragments of granite, gneiss, schist, and
diorite limestone. Lake sand is another source of sand, however, the extent
is limited to areas near the coast of Lake Erie. Sands are also obtained
from rivers, flood plains, and deltas of the area. Crushed bedrock provides
another source of sand.

Devonian and Mississippian shales of the region are used for the production
of brick and tile. Rock quarries also provide high quality grinding and
building stones.

Natural gas and oil are two other resources which are found in abundance in
parts of Ohio.

The rock salt beds of Ohio are part of the Salina formation. This is one of
Ohio's most important abundant economic minerals. Approximately 9,100 square
miles of the eastern and northeastern part of the State are underlain by this
salt bearing Salina formation.

Climate

The climate of Lorain can be described as humid and temperate. The climate
in the region is characterized by large annual and daily temperature ranges,
although the presence of lake Erie tends to moderate these temperature

6
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changes. The average January temperature is 27.7F and July temperture is
72.9*F. The highest temperature recorded is 105*F and the lowest is -23*F.

Cold air masses move down from Canada during the winter months but are
modified by the relatively warm waters of Lake Erie, resulting in cloudiness
and frequent snow from November through March.

Precipitation is well distributed throughout the year. The annual average
precipitation is 35 inches, with about 17 inches occurring as rainfall during

the growing season.

Water Quality

The U.S. Environmental Protection Agency (EPA) conducted numerous water
quality surveys in the Black River Basin from 1972 to 1979. An intensive
survey of the lower Black River was completed from 16-19 July 1979 and
included most of the sampling points employed in the 23-26 July 1974 inten-
sive surveys. Since there were no significant differences in waste treatment
at the Elyria Sewage Treatment Plant (STP) and U.S. Steel, the stream quality
data obtained in 1979 are quite similar to those obtained in 1974. The data
from this survey demonstrated the significant increase in stream temperature
caused by the U.S. Steel-Lorain Works and highlighted the impact of the
Elyria STP and U.S. Steel discharges on dissolved oxygen levels in the lower
river. Concentrations as low as 2 to 3 milligrams per liter were recorded
despite a river flow of 168 cfs. Problems with ammonia, cyanide, and
phenolics were also noted in the river. A total cyanide concentration of
230 ug/l was recorded near U.S. Steel while the present water quality stand-
ard is 25 ug/l. Relatively high levels of metals were also detected. An
intrusion of lake water into the Black River was demonstrated.

States are required to classify streams or segments of streams as either
"water quality" or "effluent" limiting. Effluent limiting segments are those
where applicable water quality standards are being met, or there is certainty
that these standards will be achieved by application of effluent limitations.
Water quality limiting segments are those where standards are not being
achieved and where application of the above treatment levels is not suf-
ficient to achieve water quality standards. The Black River main stem from
the mouth of the confluence of the East and West Branches has been classified
as water quality limiting. (Source: Black River Water Load Allocation
Report, prepared by U.S. Environmental Protection Agency, 1980).

Sediment Quality

Sediment testing in Lorain Harbor was conducted by the U.S. Environmental
Protection Agency (USEPA) in 1975 and by the Buffalo District COE in November
1981. The results of these tests are shown in Tables I and 2, while Figure 2
shows the locations at which sediment samples were taken.

Based on USEPA's 1975 testing, that portion of the harbor that is shaded on
Figure 2 has been determined to be polluted and therefore unacceptable for

7
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Table 2 - Sediment Pollution Evaluation Inside East Breakwater, November 1981

* EPA Region , Criteria
:: Moderately : Heavily : Stations

Parameter : Nonpolluted : Polluted : PollUted : A : B C : D

Volatile Solids(Z) <5 : 5-8 > >8 3.52 : 2.42": 2.82 a 1.70

Ammonia (mg/Kg) : <75 75-200 > >200 a 13.0 18.85*: 12.1 : 10.9

COD (mg/Kg) <40,000 :40,000-80,000:>80,000 :46,800 :29,400" :27,300 :85,300

Phenols (mg/Kg) a - - - 2.3 8.2* : 1.1 <0.25

Cyanide (mg/Kg) : <0.10 : 0.10-0.25 >0.25: <0.60 : <0.62*: <0.60 <0.49

Phosphorus (mg/Kg) : <420 : 420-650 : >650 : 878 : 768.5* : 1,530 : 766

O1 & Grease . . .

(mg/Kg) : <1,000 : 1,000-2,000 : >2,000 : 1,411 a 811.5* : 1,020 : 472

Total Kjeldahl . . :
Nitrogen (mg/Kg) : <1,000 : 1,000-2,000 : >2,000 : 3,190 : 1,045.5* :20,660 :15,290

Arsenic (mg/Kg) < (3 : 3-8 : >8 : 15* : 13 : 17 : 12

Cadmium (mg/Kg) - - >6 3.8* 2.8 : 5.1 : 36

Chromium (mg/Kg) : <25 : 24-75 : >75 : 38* : 24 : 33 : 16

Copper (mg/Kg) : <25 : 25-50 : >50 : 51* a 29 : 43 : 23

Iron (mg/Kg) : <17,000 :17,000-25,000:>25,000 :44.000* :21,000 :44,000 :34,000

Lead (mg/Kg) : <40 : 40-60 )60 : 32* : 27 : 48 : 25

Manganese (ag/Kg) : <300 : 300-500 : >500 : 630* : 460 a 720 : 500

Mercury (mg/Kg) : - = >1
e* 

: >1** : 0.13": 0.044: 0.11 : 0.058

Nickel (mg/Kg) : <20 : 20-50 > >50 a 39; : 30 : 41 : 22

Zinc (mg/Kg) : <90 : 90-200 : >200 : 195' : 200 : 250 : 160

*Mean of tvo replicate analysis.

**USEPA has only established one guideline value for mercury - "Polluted."

(Testing conducted by EG&G 8ionomics, Vareham, HA, under contract by Buffalo District, COE, 1981.)
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open-water disposal. These polluted dredgings are placed in the diked dis-
posal area adjacent to the Lorain Harbor East Breakwater Shorearm. Dredgings
from the remaining portion of the harbor that were tested in 1975 may be
disposed of at the designated open-lak, site. This decision, made by USEPA,
was based on chemical and biological data as well as field observations. All
sites tested by the Buffalo District COE, inside the East Breakwater in 1981
indicate the sediments are highly polluted for cyanide, phosphorus and
arsenic. Some sites are highly polluted for COD, TEN, copper, iron, manga-
nese and zinc. Some sites are moderately polluted for COD, oil and grease,
TKN, chromium, copper, iron, lead, manganese, nickel and zinc. No signifi-
cant concentrations of organic compounds, including mirex, DDT, and PCB's
were detected at any of the sites sampled in 1981.

Pollutant Export

Pollutant export data on Lorain Harbor was obtained from the Lake Erie
Wastewater Management Study Methodology Report, 1979.

Table 3 shows the mean annual pollutant concentrations for the Black River at

the sampling station at Elyria, OH. Also shown are the concentrations
measured in the Maumee, Cuyahoga and Grand Rivers in Ohio. Parameters shown
in Table 3 are total phosphorus, dissolved orthophosphate, nitrite-nitrate
nitrogen, ammonia nitrogen, total kjeldahl nitrogen, suspended solids, chlo-
rides and silica.

Table 3 shows the comparison of the Black River Basin to the Maumee, Cuyahoga
and Grand River Basins, all which have watersheds with different land use
patterns.

The Black River Basin has agricultural land use in the upper watershed and
industrial and urban land use near the mouth. These land use patterns
reflect the water quality of the basin as shown in Table 3. The Black River
has total phosphorus, nitrite-nitrogen, suspended solids and chloride con-
centrations similar to the Maumee River which is agricultural. It has
orthophosphate and ammonia nitrogren concentrations similar to the Cuyahoga
which has large amounts of urban and industrial land use. All three rivers
have poorer water quality than the Grand River which has more than one-half
of the watershed in pasture and forest.

Natural Environment

Biological Environment - This section presents a brief summary of the
biological environment and dominant species present in the Lorain Harbor
study area. This information has been summarized from that provided in the
U.S. Fish and Wildlife Service Intermediate Fish and Wildlife Coordination
Act Report. This report, dated 22 January 1981, contains data from a four-
season biological survey conducted by Fish and Wildlife Service personnel
from October 1978 to October 1979. The U.S. Fish and Wildlife Service con-
ducted various biological surveys, literature searches, and contacted pro-
fessionals with knowledge of the Lorain Harbor *rea. The Fish and Wildlife
study area included the outer harbor, the lower Black River, and riparian
areas to 3 miles upstream of the upper turning basin.4I

-~ 11

m -.--- 1-. - .



0 N
cc 04 0o O 0

V4  0 0D %0 04

0 0

L4 r:- 4 4

93 O) 00r
0 .J = .

*. 4- f- '. 'n

44
0)

a,

0 Ad0 0

.06

14 0 t C
0 0

,- W.- C) - y% -T I

4!

H 0o

.C j-

0k

0 ~ ~ W >- o - . -

d 0 0 o -.too

to 4J
no 0 0 I

0 ~ 0 0 -t -#
CA -

a12



Habitat - The number and nature of biological habitats present in the
study area are very limited due to the improvements that have been made to
Lorain Harbor for commercial navigation. The outer harbor is dominated by
deep-dredged channels and rubblemound and sheet pile breakwaters. The lower
3 miles of the Black River (inner harbor) has also been deep-dredged for com-
mercial navigation. From the river mouth to the Erie Avenue Bridge much of
the riverbanks have been bulkheaded. The rest of the inner harbor has steep,
eroding banks. The only biological habitat of significant importance is a
wetland., about 15 acres in size, located on the Black River just downstream
of the 21st Street Bridge. This wetland is vegetatively dominated by broad-
leaved cattails and other emergent plants. Water quality in the lower
reaches of the Black River is severely degraded and sediments from both the
inner harbor and outer harbor are polluted. The combination of lack of
available habitat and poor sediment and water quality severely limit the
establishment of high quality habitats and species associations in the study
area.

Fishery Resources - Within the last 10 years, 47 species of fish have
been identified for the outer harbor area. During the same period of time,
41 species of fish have been collected within the lower reaches of the Black
River. Gizzard Shad and Emerald shiner dominate catches in both the outer
harbor and the lower river area. Freshwater drum and smelt are also couon
in the outer harbor. Sport fishing is almost completely confined to the
outer harbor area. The most common game fish caught are yellow perch,
smallmouth bass, and channel catfish. Spawning and nursery habitat for fish
are almost nonexistent in the lower river area and severely limited, due to
deep depths in the outer harbor.

Birds - Lorain Harbor is located on the eastern edge of the Mississippi
flyway and on the western edge of the Atlantic flyway, thus attracting large
numbers of ducks, geese, and swans which pass through the area on migratory
,flights between southern wintering grounds and northern breeding grounds.
The outer harbor provides good feeding habitat for many species of diving
ducks including mergansers and scaup. These ducks are primarily attracted to
the abundant food source of gizzard shad and emerald shiners. The only
abundant dabbling duck is the mallard. No significant amounts of waterfowl
breeding occur in either the outer harbor or the lower reaches of the Black
River.

PROBLEMS AND NEEDS

General

Erosion and sedimentation problems are a concern to residents of the Black
River Watershed area. Erosion of stream channels and land surfaces feeds
large quantities of sediments to the river where it impairs water quality,
aggravates flooding problems, depresses oxygen levels, and alters aquatic
life.

Increased erosion rates are mainly a result of man-made disturbances such as
highways and building construction activities, surface mining operations, and
cropping and timbering practices which remove the protective vegetative
cover. Photographs 1 through 4 illustrate examples of these problems.
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Photo 1 - West Branch Black River near Griggs Road,
Rochester, OH., COE, August 1981.
Debris-laden waters near woodland.

Photo 2 - East Branch Black River near Spencer, OH.
COE, August 1981.
Bank erosion next to woodland.
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Photo 3 - East Branch Black River near Spencer, OH.

COE, August 1981.
Bank erosion and debris near woodland.

Photo 4 - West Branch Black River near Route 58 between
Wellington and Pittsfield, OH. COE, August 1981.
Bank erosion next to woodland.

15
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A study concerning the erosion and sedimentation problems was conducted to
determine the major contributor of sediments in the harbor, and also to
determine whether annual maintenance dredging, which is done periodically in
the Lorain Harbor by the Corps of Engineers, could be reduced.

The Corps of Engineers is responsible for repairing the breakwaters and for
dredging the river channels and lakefront harbor to authorized depths.

Corps of Engineers derrickboats are currently used to maintain the
breakwaters. Repairs to the East and West Breakwater include periodic
rearrangement of the existing armor stone and additions of new armor or core
stone where required.

Corps of Engineers hopper-type dredges are used to maintain authorized depths
within the Federal project limits. This dredging is normally performed
during a 2 to 4-week period between April and June. Polluted material
dredged since 1978 has been deposited in a confined disposal area adjacent to
the East Breakwater Shorearm.

Harbor Maintenance Dredging - The Federal project at Lorain Harbor is
dredged periodically by hopper-type dredges. Historical quantities removed
during these operations are summarized in Table 4 for the period 1967 through
1981. The average annual volume dredged has been approximately 144,000 cy
and is normally performed during a 2- to 4-week period between April and
June. The average annual volume dredged is based on dry weights of sediment
as opposed to saturated weights. The average dry weight of sediment dredged
from Lorain Harbor is in the proximity of 70 lbs/cf.

Therefore, 144,000 cy is synonymous with 136,000 tons.

(144,000 cy X 27 cf/cy X 70 lbs/cf 1 2,000 lbs/ton)

Occasionally, dredging operations have extended into November. A confined
disposal area adjacent to the East Breakwater shorearm was completed in 1978
to contain polluted dredged material. This structure has an estimated capac-
ity equivalent to 10 years of normal dredging activity. This design standard
is based on the assumption that after 10 years water treatment plants located
upstream will help upgrade the quality of existing bottom sediments. In
addition, implementation of land conservation measures will reduce the quan-
tity and/or increase the quality of sediments within Federal channels to an
acceptable level which will permit the resumption of open-lake and/or shore
area dumping.

At the Initial Public Meeting held on 31 May 1978, the commercial navigation
interests reiterated their needs and concerns as expressed at the earlier
Orientation Workshop meeting conducted on 27 April 1978. Interested citizens
and local officials restated their desires for expanded recreation boating
and fishing facilities. The U.S. Fish and Wildlife Service stated their
opposition to any project work which would diminish or adversely alter any
existing marsh or wetland areas thereby adversely impacting wildlife habitat.
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Table 4 - Summary of Historical Dredging at Lorain, OH

Year : Cubic Yards : Year Cubic Yards

1967 106,713 1974 498,586

1968 230,357 1975 : 134,986

1969 142,456 1976 : 42,290

1970 : 189,414 1977 30,420

1971 136,021 1979 : 192,048

1972 : 143,598 1980 : 96,194

1973 : 83,922 : 1981 : 132,844

Total : 2,159,849

:Average Annual: 144,000

Based on these meetings and communications, the improvements desired by local
interests are summarized as follows:

a. Improvements to the lakefront harbor entrance to permit safe naviga-
tion of the harbor for the new larger vessels.

b. Improvements to the Erie Avenue Bridge to permit launching of
American Shipbuilding Co. 1,000-foot vessels without the use of tugs.

c. Improvements to the Black River channel for safe navigation and to
accommodate larger vessels or lakefront construction of a transshipment
facility with alternative modes of transportation (conveyor, special purpose
vessel, rail, or truck) for the upriver movement of ore and stone which will
permit the utilization of larger more economical vessels at Lorain Harbor.

d. Adequate provision for future protected small-boat berthing facili-
ties and consideration of the use of the protected harbor area by
recreational craft.

e. Improvement in water quality in the Black River, i.e., reduction in
turbidity and sediment in the river.

PLANNING OBJECTIVES

Planning Constraints

Several planning constraints were identified which impacted on the conduct of

the study and the formulation of alternative plans developed to control

17
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erosion in the study area. These planning constraints include the following:
(a) environmental; (b) Corps of Engineers policy; (c) state-of-the-art tech-
niques in predicting sheet erosion (erosion of the surface of the land).
These constraints are reviewed below.

a. Environmental Constraints - All plans of improvement should avoid or
minimize objectionable or adverse impacts to aquatic or terrestrial habitat

and maximize environmental benefits prior to, during, and following
construction. A plan should avoid or minimize water pollution and aestheti-
cally objectionable features. Adherence to this principle will result in
speedy public and agency acceptance of the recommended plan of improvement.

Throughout the planning effort, vegetation was the preferred treatment method
in controlling erosion. Economics also dictated that vegetation be utilized
as much as possible since its costs was less than other types of land treat-
ment (terracing, grade control structures, subsurface drainage, etc.) and
streambank stabilization techniques (riprap, gabions, etc). Where the ero-
sion forces were too great to be controlled by vegetation, such as at sharp
bends in the river and on long, steep slopes, other types of structural
measures were specified. These structural measures were kept to a minimum
not only to preserve the existing environment, but to reduce the cost of the
alternatives that were formulated.

b. Corps of Engineers Policy - The purposes of this study are to deter-
mine the prolific sources of sediment throughout the study area (from land
and streambank erosion) and identify methods of controlling erosion and sedi-
mentation through structural and nonstructural means. Implementation
(construction) of plans to control streambank erosion will be pursued by the
Corps of Engineers under the existing study authority as this authority pro-
vides for implementation as well as investigation. Implementation of
measures to control erosion in the upland area must, however, be pursued by
other interests. The Corps can, however, offer technical assistance and
encouragement to local interests who desire to implement land management
programs to control erosion. In addition, a series of general management
programs will be developed in this report to inform local interests as to the
types of treatment measures that would be required to control erosion in the
upland area.

c. State-of-the-Art Techniques in Predicting Upland Erosion - As
discussed in Section C of the Main Report, the Universal Soil Loss Equation
(USLE) was used by the Soil Conservation Service to predict sheet erosion
that is occurring on the surface of the land within the study area. The USLE
is an empirical formula developed at the Agricultural Research Service - U.S.
Department of Agriculture, that groups the numerous interrelated physical and
management parameters that influence the rate of erosion into six major fac-
tors that can be expressed numerically. Selection of specific numerical
values for these six factors are determined at the particular site under
study. Although research has supplied information from which at least
approximate values may be obtained, selection of these values relies on a
subjective evaluation of the physical conditions of the site under study by
field personnel. There are also numerous reservations regarding the use of
this equation for large basin studies since the formula was initially
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developed to predict soil loss from specific farm fields and other small land
areas. In addition, while the USLE estimates the quantity of soil loss from
the area under study, it does not predict the delivery of this soil to the
receiving stream. In spite of these limitations and the possibility of erro-
neous results, the equation is recognized as the most reliable method of
quantifying potential soil movement that is currently available.

National Objectives

The Water Resources Council's (WRC) Principles and Guidelines (P&G) direct
that the Federal objective of water and related land resources planning is to
contribute to National Economic Development (NED) consistent with protecting
the Nation's environment, pursuant to national environmental statutes, appli-
cable executive orders, and other Federal planning requirements.
Contributions to NED are increases in the net value of the national output of
goods and services, expressed in monetary units. These contributions are
measured as the direct net benefits that accrue in the planning area and the
rest of the nation.

Specific Planning Objectives

Specific planning objectives are the National, State, and local water and
related land resources management needs (opportunities and problems) specific
to a study area that can be addressed to enhance National Economic
Development and Environmental Quality. Based on a review of the directives
established by the authorizing resolutions, previous reports for the area,
statements by individuals in the private sector, input from officials at many
levels of Government, and an analysis of the problems and needs of the study
area, as discussed previously, the specific planning objectives for the
Lorain Harbor Erosion and Sedimentation Study that have been identified are
as follows:

a. Local interests have expressed a need for identifying and quantifying
sources of erosion in the Black River Basin. Identification of sources of
erosion is also required before effective erosion control practices can be
formulated and constructed. Therefore, the first objective of this study is
to identify and quantify the significant sources of erosion in the 472 square
mile watershed.

b. Erosion and sedimentation is a serious problem in the Black River
Basin. Dredging the navigation channels and lakefront harbor at Lorain, OH,
is an expensive annual expenditure for the Corps of Engineers. In addition,
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because the sediment dredged is heavily polluted, it requires expensive diked
disposal in lieu of traditional open lake dumping. The Lake Erie Wastewater
Management Study has identified phosphorus, which is transported in part by
eroding soil particles to Lake Erie, as the major cause of degradation of
Lake Erie. Navigation interests have also stated that sediment accumulation
in Lorain Harbor interferes with their use of the harbor facilities and
increases the delivery cost of the cargo shipped. Therefore, one objective
of this study will be to formulate and implement a plan to control streambank
erosion and to develop a general management program that informs local
interests of the types of measures that would be required to control sheet
erosion in the upland area and the magnitude of the costs involved.

c. Any development that adversely impacts on the existing fish and
wildlife habitat in the study area poses severe environmental concerns.
Therefore, one objective of this study will be to minimize or eliminate any
adverse environmental impacts resulting from this project on the existing
fish and wildlife habitat. This objective could be met, for example, by
employing nonstructural means (vegetation) wherever feasible.

d. The maintenance of national strength and satisfactory levels of
living will be achieved by increased national income and productivity.
Therefore, one objective of this study will be to maintain or improve the
economic status of the area. This objective will be met by implementing a
plan for which the benefits derived from the project exceed the project
costs.

Conditions If No Federal Action Taken

In any formulation, there is always the basic question of "is there a
justified need for change?" Therefore, the conditions that would exist if no
Federal action were taken to control streambank erosion were investigated for
this study. (As previously stated, although general management programs to
control sheet erosion in the upland area will be developed in this report,
Corps of Engineers policy prohibits active participation in implementing
these plans.) Rather, the Corps will look to local interests to implement
these plans. Besides answering the basic question, these conditions will
also provide a common basis for comparing alternative plans of improvement as
discussed in Section C of the Main Report.

As a result of no action, streambank erosion will continue to adversely
impact on residents of the Black River Basin, the Federal Government, and
users of Lorain Harbor. Sediment introduced into the river from streambank
erosion will continue to settle out and form shoals in the navigation channel
and lakefront harbor at Lorain. These shoals will have to be removed by
expensive maintenance dredging. In addition, since the sediment dredged from
Lorain Harbor is classified as heavily polluted, it will require diked
disposal. Navigation interests will also be inconvenienced when using the
harbor facilities as they maneuver around the dredging equipment and are
forced to lighter due to reduced channel depth before dredging operations are
completed.
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If no Federal action were taken, the existing environment would not be
disturbed. However, since sediment carried by the river adversely affects
aquatic life, this would not be a completely desirable situation.
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SECTION C - RESULTS OF THE EROSION AND SEDIMENTATION STUDY

This section presents results of the erosion and sedimentation study on
Lorain Harbor. For the purpose of this report, the study area has been sub-
divided into two components, the streambank erosion component and the upland
erosion component.

The streambank erosion component will begin with a general introduction;
streambank erosion methodology; results of the study conducted to quantify
the amount of sediment produced, and finally streambank treatment measures to
control erosion.

The upland component will discuss upland erosion methodology, existing
Potential Gross Erosion (PGE), and potential reduction of upland erosion. In
conclusion of Section C, the two components (streambank and upland) will be
analyzed in regards to sediment export and delivery of eroded materials.

Details of these studies, including detailed descriptions of the methodolo-
gies used to identify and quantify the sources of sediment for each component
and the results of the studies conducted, are presented in the Appendices.
The reader is encouraged to review these appendices in order to gain a full
understanding of the erosion and sedimentation problems that exist in the
basin.

STREAMBANK EROSION COMPONENT

General

The streambank erosion component consists of a determination of the quan-
tities of erosion from the Main Stem, East Branch, West Branch, and the West
Fork.

Methodology

The field survey work utilized the USDA Soil Conservation Service Standard
method of stream bank erosion estimation. In this method, estimates of long-
term rates of streambank erosion are made through the observation of various
features which typify erosion. Such parameters as the soil type, age and
condition of exposed tree roots, fallen trees, tilt of trees, exposure of
pebbles or cobbles embedded in the bank material, establishment of
vegetation, and obvious signs of rapid recession such as mass wasting or
slumping of banks are among the many characteristics available to the
observer to make a reasonable estimate of streambank erosion.

In a study conducted in 1977 by the Buffalo District entitled "Assessment of
Streambank Erosion for Major Streams of the Buffalo District," reaches of the
Black River were subdivided and identified according to morphologic
similarities. In addition, the rate of streambank erosion occurring along
the banks of the Black River was estimated. Utilizing the information
obtained irom this Buffalo District Study, a sampling procedure was
established whereby the reaches exhibiting the greatest amount of erosion
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would be sampled more thoroughly than those exhibiting low erosion, while
those reaches exhibiting minimal or no erosion would not be sampled.

The field survey employed this stratified sampling procedure in obtaining
measurements of bank height, erosion length and recession/deposition rate
among other parameters. Once the above data were collected for the entire
streambank erosion component area, the volume of annual streambank erosion
and deposition were calculated.

The actual volumes of streambank erosion and deposition were then extrapo-
lated to cover the extent of each reach, and subsequently the length of the
entire Black River. These extrapolated values of volume of aediment eroded
and deposited served as a basis for the entire streambank erosion study.

An attempt was made by the District to utilize photo interpretation to esti-
mate rates of streambank erosion. Aerial imagery from flights in 1938, 1951,
and 1979 were obtained for the purpose of estimating the rate of recession of
streambanks on the main stem, east branch, west fork of the east branch and
the west branch of the Black River. The 1938 photography was obtained from
the National Archives and Records Service. The 1951 and 1979 imagery were
obtained from the United States Department of Agriculture, Agricultural
Stabilization and Conservation Service. The USGS 7-1/2-inch topographic maps
completed in the early 1960's were used as base maps.

The objective in the use of the aerial photography was to measure changes in
the location of the channel over the 41-year span. However, a variety of
factors combined to made careful measurements of recession rates impossible.
The 1938 imagery was not of the highest quality, and because of its age,
perhaps was not as clear as it once was. The 1951 photos are excellent.
Between 1951 and 1979, the USDA has modified the specifications for acquisi-
tion of photography. In the early 1970's their program was changed to
acquire imagery at a scale of 1:40,000 rather than the previous scale of
1:20,000. Imagery is now obtained at the same altitude as before, but with a
6-inch lens instead of a 12-inch lens. The resulting photos are not of the
same quality as before, and are considerably more distorted as a result of
the use of the side angle lens.

Measurement of features on the surface from this uncontrolled photography is
virtually impossible. Even large recession rates, for example 0.5 ft/yr,
would displace the channel location on the photos by only a little more than
0.01 inches.

The photography was used, however, to assess major changes in the channel.
Meander breakthroughs are easily documented by this technique.

Streambank Erosion Survey and Meander Changes

Sediment produced from streambank erosion was classified as either annual
streambank erosion or meander changes. Annual streambank erosion is the
average amount of soil loss from the banks of a stream in one year. Meander
changes are areas where the stream changes its course during a major runoff
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event. The results of the studies conducted for each category are discussed

below.

Streambank Erosion Survey

Results of the streambank erosion survey indicate that of 97 miles of stream-
bank studied, 11 miles were actively eroding. The location of these stream-
banks is shown on Plates 1-8 in Appendix A.

Table 5, Typical Streambank Characteristics by Reach, summarizes the results
of the field survey. Each reach sampled is described by number of sample
points, land use, bank type, etc. According to the field survey data, the
predominant land use is woodland with the predominant bank type soil being
clay. The length of the streambank sampled ranged from a 50-foot minimum to
a 950-foot maximum with the average bank height surveyed being 8 feet high.
The estimated annual bank recession rate varies from 0.1 foot per year to 0.5
foot per year. Table 5 also presents the annual computed recession in cubic
feet and tons.

Table 6 presents a summary of estimated annual sediment yield from streambank
erosion on the Black River. Each reach is defined according to its annual
calculated recession (tons/reach). The percentage sampled is derived from
the total number of miles of reach surveyed divided by the total length of
the reach. The streambank erosion rate was compiled by dividing the stream-
bank sediment yield for each reach by the known reach mile. The percent of
total streambank erosion occurring in each reach was calculated using the
streambank sediment yield for each reach divided by the total sediment yield
for the Black River. The streambank sediment yield for each reach was deter-
mined by dividing the recession per reach by the percentage of reach sampled.
Table 6 shows that the reaches exhibiting the highest percent of total
streambank erosion have the highest streambank erosion rate (Reach K, L, M).
The total streambank sediment yield amounts to 14,400 tons.

Table 7 presents the estimated annual sediment yield from net streambank
erosion. Each reach is defined according to its annual calculated recession
(similar to Table 6). The annual calculated deposition is also defined for
each reach. Net calculated streambank recession is the difference between
the calculated recession and deposition for each reach.

The percentage sampled (similar to Table 6) is derived from the total number
of miles of reach surveyed divided by the total length of the reach. The Net
Streambank Erosion Rate is calculated by the Net Streambank Sediment Yield
divided by the total length of the reach. The percent of total net stream-
bank erosion is calculated by dividing the net streambank sediment yield for
each reach by the total net streambank yield. The net streambank sediment
yield is determined by dividing the net streambank recession of each reach
by the percentage sampled (extrapolation factor).

Similar to Table 6, Table 7 also shows that Reach K, L, and M are the reaches
which exhibit the highest percentage of total net streambank erosion. The
total net streambank sediment yield amounts to 12,000 tons. This amount is
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considered to be the amount of sediment delivered to Lorain Harbor. On this
basis, it is estimated that streambank erosion accounts for about 8.8 percent
of the average annual amount of dredging at Lorain Harbor (12,000 tons
136,000 tons X 100).

The results of Table 6 and Table 7 correspond to the results of the original
Buffalo District Study compiled on Streambank Erosion for the Black River
(Reference 11, Appendix A), namely that Reach K, L, and M are the reaches
with the highest erosion.

Trash (dead trees, construction debris, etc.) is a contributing factor to the
high rates of annual lateral recession at several locations. Trash buildup
gouges the bank as it becomes lodged and deflects the stream flow either into
the toe of the bank, causing undercutting, or into the river bed, causing
scouring.

No correlation could be made between streambank erosion and soil type. The
majority of the soils encountered were alluvium soils primarily composed of
fine silts and clay having similar texture characteristics. As a result of
the similar texture characteristics, no individual soil type appeared to be
more susceptible to erosion than another.

As previously indicated, annual streambank erosion produces about 14,400 tons
(9,500 CY) of sediment annually. A portion, 2,400 tons (1,500 CY) of this
sediment, settles out before it reaches Lorain Harbor. This sediment either
forms bedload bars, which usually contribute to the high rates of annual
lateral recession, or is deposited on the inside of bends in the streams.

As previously discussed in Section B - "Problem Identification" of this Main
Report, the Corps of Engineers annually dredges about 144,000 cubic yards
(136,000 tons). This figure represents a 15-year average of sediment from
the navigational channel and lakefront harbor at Lorain. By comparing the
volume of sediment produced from annual net streambank erosion which reaches
Lorain Harbor (12,000 tons) with the 136,000 tons of sediment dredged, it can
be concluded that annual net streambank erosion accounts for only 8.8 percent
of the sediment dredged and is insignificant. Therefore, other sources of
sediment must be identified if an effective control program is to be imple-
mented that would significantly reduce dredging at Lorain Harbor.

Meander Changes

As previously defined, meander changes are areas where the stream changes its
course during a major runoff event. This course change is caused by erosion
of the alluvium flood plain soils and typically occurs at large bends in the
river (meander loops). When the river is confined to a narrow flood plain
due to geologic features, meander changes do not occur.

In order to estimate the amount of bank displacement that occurred as a
result of meander changes, previous river channel changes were identified and
studied. The first step was to use aerial photos from the year 1938, 1951
and 1979 to depict the exact location of the river channel in those years.
USGS topographic maps published in 1960 and 1963 with photo revision in the
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1970's were used for cross reference. The results are presented in Plates
1-8 of Appendix A.

These plates were interpreted and major meander changes were identified at
various river miles. Narratives describing the meander changes over a
41-year period can be found in paragraph A8 of Appendix A. The majority of
meander changes occurred during 1938-1951, and the stream channel has been
relatively unaltered in subsequent years.

The quantity of sediment which was displaced during meander changes was
estimated. Table 8 presents the data used to estimate the quantity of sedi-
ment that would be displaced when meander changes occur. Also shown are the
total bank material displaced and the average annual amount of material
displaced.

Table 8 - Displacement of Bank Material on The Black River
Over a 41-Year Period (1938-1979)

: Average : Length Width of : Total Bank Yearly Bank
Meander : Bank : of New New : Material Material
Site : Height : Channel Channel : Displaced Displacement

: (ft) (ft) (ft) (cy) (cy)

1 6 1,800 35 14,000 350

2 5 1,000 30 5,600 140

3 8 2,000 35 20,700 520

4 4 600 35 3,100 80

5 4 500 15 1,100 30

6 4 900 15 2,000 50

7 4 600 15 : 1,300 30

8 4 800 : 15 : 1,800 40

9 4 : 400 15 900 20

10 4 1,200 : 15 : 2,700 70

11 3 700 : 15 : 1,200 30

12 10 1,400 : 30 15,600 390

13 11 : 700 : 30 : 8,600 215

Total : : : : 78,600 cy : 1,920 cy/yr

: 2,600 tons/yr
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An estimated average annual quantity of 2,600 tons of sediment is displaced
from meander changes. This volume is equivalent to the volume of sediment
produced from approximately 3 months of annual net streambank erosion.

In summary, the total amount of sediment produced from both streambank ero-
sion and meander changes amounts to approximately 14,600 tons (12,000 +
2,600) which represents only 11 percent of the average annual dredging
quantity.

Annual Delivery to Lorain Harbor from Streambank Erosion and Meander Changes

Assuming that all the sediment from streambank erosion and meander changes is
delivered to and deposited in Lorain Harbor, the total annual contribution
from these sources would be about (12,000 from streambank erosion and 2,600
tons from meanders). This amounts to about 11 percent of the average annual
maintenance dredging at Lorain Harbor. On this basis, it is concluded that
bank and meander stabilization programs on the Black River and its branches
would have very minimal effects on reducing annual maintenance dredging at
Lorain Harbor.

Streambank Erosion Treatment Needs

The type of streambank erosion treatment needed along the banks of the Black
River was identified by the field survey team. Selection of the streambank
erosion treatment was determined by considering bank height, severity of
erosion, cost maintenance and consideration for all environmental
surroundings.

Table 9, Streambank Erosion Treatment Needs Assessment shows various stream-
bank erosion treatment measures on the Black River and the quantity of such
streambank erosion treatment needed for each particular reach (streambank
erosion and bank displacement). Streambank erosion treatment measures were
basically of five types, armoring, simple treatment, trash removal, manage-
ment and deflection of deposition. In addition, combinations of erosion
treatments (armoring/simple treatment), were cited on reaches of the Black
River which required both treatments for effective streambank erosion
control. A detailed description of these treatment methods is contained in
paragraph A13 of Appendix A.

Table 9 lists the types of erosion treatment necessary for each reach with
calculated percentages of amounts of streambank erosion control treatment
needed for each reach. In addition, the various streambank erosion treat-
ments were summarized and percentages of each particular erosion treatment
were calculated. Armoring which represents 60.8 percent of streambank ero-
sion treatment was the largest single erosion treatment on the Black River.

Table 10, Total Cost of Streambank Treatment on the Black River, presents
data consisting of various combinations of streambank erosion treatment.
Costs for Table 10 are based on similar projects from the Cuyahoga River,
Ohio Restoration Study, updated to April 1982 price levels. Details of the
streambank erosion treatment measures are presented in Appendix A. Table 10
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shows the type of streambank erosion treatment measure required in linear
feet. A total of 108,000 linear feet are necessary as erosion treatment
measures. An average bank height of 8 feet was assumed in all calculations.

Table 10 - Total Cost of Streambank Treatment, Black River

: Total Linear : Cost per Total Cost

Type of Treatment : Feet Needed : Linear Foot (1) of Treatment::$ :$

Armoring 65,700 83.00 5,453,100

Armoring/ 17,100 83.00 1,419,300
Trash Removal (2) . .50 8,600

Simple Treatment 8,300 2.00 16,600

Armoring/Simple 8,100 83.00 672,300
Treatment (2) . 2.00 16,200

Trash Removal . 2,600 . .50 1,300

Armoring/ . 2,200 . 83.00 182,600
Management (1) . . .10 200

Armoring/Deflection 1,200 . 83.00 99,600
of Deposition (2) (4 jetties) : : 1,500

Deflection of Deposition : 1,100 375/jetty 1,500
Deposition : (4 jetties)

Management . 800 .10 80

Simple Treatment/Trash 600 2.00 1,200
Removal (2) : .50 300

Management/Simple 300 .10 . 50
Treatment (2) : . 2.00 600

Total : 108,000 : . 7,875,000

Say $8,000,000

(1) April 1982 price levels.
(2) Combinations of streambank treatment utilized data from Table A15.

Where combinations of streambank treatment are found, the types of
streambank treatment were used in conjunction with one another.

Deflection of deposition (jetties), however, were not based on the linear
footage of streambank treatment needed. A price level was established per
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foot of jetty construction. (Each jetty had a length of 15 feet.)
Therefore, the cost of treatment was based on an established price for each

jetty.

The total cost of streambank erosion treatment was calculated and amounts to
approximately $8 million.

Table 11 presents a summary of benefits and costs for streambank erosion
protection. The average annual charge is derived by taking the total cost of
treatment ($8 million) and amortizing this amount over a 50-year project life
at a 7-5/8 percent interest rate. Therefore, the average annual charge
amounts to $626,000. The average annual benefits associated with mitigating
streambank erosion and erosion due to meander changes is calculated by
multiplying the net streambank erosion (8,900 cy) and erosion due to meander
changes (1,920 cy) by the cost for dredging on the Black River ($3.42 per
cubic yard - 1982 ICP unit price for dredging the Black River). The average
annual benefits amount to approximately $37,000. Negative net benefits
derived from controlling streambank erosion are $589,000 per year with the
corresponding benefit-cost ratio of 0.06.

In conclusion, with significant negative net benefits and a benefit-cost
ratio substantially below 1.0 (B/C - 0.06), it is considered that the imple-
mentation of the streambank treatment measures are not economically justified
and should not be implemented.

Table 11 - Summary of Benefits and Costs for Streambank Erosion Protection

: Average Annual :

Average Annual Charge : Benefits : Net Benefits :Benefit-Cost Ratio
($/Yr) : ($1Yr) ($1Yr)

626,000 : 37,000 -589,000 0.06

UPLAND EROSION COMPONENT

General

The upland erosion component of this study is concerned with dislodgement and
detachment of soil particles from the land surface and delivery of this sedi-
ment to a stream channel of the Black River. The analysis estimates sheet
and rill erosion from agricultural and other nonurban land areas. These
areas are generally referred to as diffuse sources of sediment.

Appendix B of this report contains a description of the Black River Watershed
using a series of maps and tables portraying land slopes, soil properties,
and land use. The details of the upland erosion calculations and delivery of
sediment to the river system are then presented. Finally, possible erosion
reductions are estimated and some Best Management Practices for agricultural
land management are prescribed.
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Methodology

The basic tool used in the upland erosion analysis is the Universal Soil Loss
Equation (USLE). This is an empirical formula, developed by the Agricultural
Research Service - U.S. Department of Agriculture, that calculates Potential
Gross Erosion (PGE) based on six physical and land management parameters that
influence the rate of erosion. Although there are numerous reservations
regarding the use of this equation for large basin studies, the equation is
recognized as the most reliable method for quantifying potential soil move-
ment that is currently available. A detailed explanation on the use of this
equation is in Appendix B.

The USLE estimates the quantity of soil detached or dislodged from the land
surface by raindrop action and the resultant runoff. It does not, however,
measure or calculate the delivery of the eroded soil particle to a stream
system. The calculation of the delivery ratio is discussed later in this
section under the heading SEDIMENT EXPORT.

Existing Potential Gross Erosion

Potential Gross Erosion (PGE) was calculated for cropland areas and other
agricultural and woodland areas by evaluating the USLE on a cellular basis
(9 hectares in area) and summing to obtain the PCE at the subbasin level.
The values of the potential gross erosion are presented by land use in Table
12 and by subbasin in Table 13. They are presented graphically on a
"tons/acre" basis in Figure B8 of Appendix B.

For areas missing soil data, the assumption was made that land use distribu-
tion for missing data was the same as the land use distribution for which
soils information was available. The average soil loss values in tons per
acre per year for the particular land use with soils data was assigned to
those assumed land uses with missing soil data.

As shown in Tables 12 and 13, approximately 835,000 tons of sediment is
dislodged through sheet and rill erosion annually. Of this volume, 79.4 per-
cent originates in cropland areas of the watershed, at a rate of 4.7
tons/acre/year. Land classified as vineyards, orchards, and woodland areas
contribute relatively small amounts of erosion. Grassland and pastures pro-
duce a slightly greater amount of sediment, but much less than the cropland
areas of the watershed. Urban soil losses are assumed to be negligible.
Table 13 shows that subbasin number 7 exhibits the greatest amount of PGE
(16.7 percent of the total PGE) at a rate of 5.4 tons/acre. Subbasin number
3 has the next highest PGE (14.2 percent of the total PGE), but at a lower
rate (3.3 tons/acre). In general, the subbasins with the highest rates of
erosion are located in the southern, steeper portion of the watershed.
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Table 12 - Existing Annual Potential Gross Erosion in the Black River
Watershed by Land Use

PGE PGE :Percent of Total
Source . (Tons) (Tons/Acre): PGE for Basin

Cropland : 662,921 : 4.7 79.4

Vineyards and Orchards . 44 : 0.1 <0.1

Grassland and Pasture : 64,655 : 1.5 : 7.7

Woodland . 15,817 : 0.3 : 1.9

Estimate for Areas Miss-Soil Data: 91,453 : 3.1 : 11.0

Total : 834,890 2.7 100.0

say 835,000

Table 13 - Existing Annual Potential Gross Erosion in the Black River
Watershed by Subbasin

PGE : PGE . Percent of Total
Subbasin : (Tons) (Tons/Acre) : PGE for Basin

1 : 80,730 : 3.2 : 9.7

2 : 38,370 : 3.2 : 4.6

3 : 118,760 : 3.3 : 14.2

4 : 66,200 : 2.6 : 7.9

5 59,610 : 2.5 : 7.1

6 : 27,500 : 1.4 : 3.3

7 139,350 : 5.4 : 16.7

8 : 96,550 : 5.9 : 11.6

9 : 45,080 : 2.8 5.4

10 : 69,180 : 3.7 : 8.3

11 61,830 1.8 : 7.4

12 : 13,200 : 0.8 1.6

13 : 18,380 : 0.7 : 2.2

14 : 150 : 0.1 < (0.1

Total : 834,890 : 2.7 : 100.0

4 : say 835,000
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Potential Reductions in Potential Gross Erosion

Scenarios were developed using the Universal Soil Loss Equation with the LRIS
data base, to assess potential reduction of Potential Gross Erosion by appli-
cation of cultural and land management practices to different cropland soil
management groups. These groups, 10 in all, are characterized by the suita-
bility of the land for the use of reduced tillage cropping management
systems. Appendix B contains complete descriptions of these groups and a map
showing their locations (Figure B7). The baseline against which the sce-
narios are compared is the estimated PGE for existing conditions. In the
scenarios, tillage and cover conditions w'- evaluated for cropland only.
Vineyards and orchards, grassland and pasture, and woodlands essentially
remain the same in all scenarios.

The scenarios which were developed are as follows:

1. Existing Potential Gross Erosion.

2. Reduce Soil Loss to T - limits soil loss to the value which a soil in
crop production can withstand over a long-term without reduction in crop
yield. If existing PGE is less than T for a parcel of land the PGE is
unchanged.

3. Spring Plowing Only.

4. Fall Plowing Only.

5. Planting of a Winter Cover Crop.

6. Maximum Reduction Tillage - a combination of no-tillage, reduced
tillage, and present conditions, depending on Soil Management Group (these
groups give a general indication of the suitability of land for the use of
reduced tillage cropping management systems).

7. Reduced Tillage - a combination of reduced tillage and present
conditions, depending on Soil Management Group (SMG).

The results are presented in Table 14. As shown, in order to reduce soil
loss to "T or existing" a 46.1 percent reduction in PGE would be necessary.
"Spring plowing" and "winter cover crops" result in minor reductions in PGE.
"Fall plowing only" actually increases PGE since some cropland is presently
under alternative management practices. Somewhat larger reductions are
achievable through reduced tillage and maximum reduction tillage on suitable
soils.

In order to determine preferred areas for any initial efforts of reduced
tillage or no tillage implementation, the subbasins were ranked according to
various "erosion reduction" criteria. These criteria included: (1) percent
reduction in PGE, (2) total reduction in PGE in tons, (3) total reduction in
PGE in tons per acre of cropland area, and (4) total reduction in PGE in tons
per acre of cropland area actually under reduced tillage or no tillage. The
highest ranking subbasins are located in the southern portion of the
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watershed, as shown in Figure 4, where slopes are greater and soils are
better drained. In other words, these are the areas where reduced tillage
cropping management systems are most applicable and where the greatest ero-
sion reductions can be realized. These subbasins also have high drainage
densities (total length of streams per unit area), indicating a greater
potential for export of eroded material. Therefore, erosion reductions would
result in significant reductions in sediment delivery.

Table 14 - Potential Erosion Reductions

Scenario Potential Gross Erosion Erosion Reduction
(tons/yr) : (percent)

Present Condition 817,480

Reduce Soil Loss to T
and Existing 440,670 46.1

Spring Plow Only 788,320 : 3.6

Fall Plow 890,370 : -8.9

Winter Cover Crop 802,900 : 1.8

Maximum Reduction
Tillage . 491,430 . 39.9

Reduced Tillage 617,110 : 24.5

The potential for reducing PGE in the Black River Watershed is limited by the
large acreage of soils unsuitable for the erosion control practices of no
till and reduced tillage farming (Soil Management Group 3 shown in Figure B7
of Appendix B).

An effort was made to map some Best Management Practices (BMP's) as a first
cut step to start a design of a diffuse-source pollution control program (see
Figure Bll of Appendix B). In the analysis, a variety of BMP's were spe-
cified over broad areas of land based on soil and topographic characteris-
tics. These include the most suitable tillage system based on the character-
istics of soils and erosion control practices which are based on the degree
of slope of the land. The analysis resulted in the assignment of conven-
tional tillage to 48.3 percent of the basin's area, reaffirming the fact that
most of the agricultural soils are not suited to reduced tillage and no-
tillage farming.

SEDIMENT EXPORT

General

The Universal Soil Loss Equation (USLE) is an effective tool in estimating
the quantity of soil detached or dislodged from the land surface by raindrop
action and the resultant runoff. It will predict the annual quantity of soil
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movement from the area of dislodgement. The distance the soil particle trav-
els and where it is next deposited is not measured in the USLE system. It
does not measure or calculate the delivery of the eroded soil particle to a
stream system. However, through sampling of suspended sediment and gaging of
river discharge, the delivery of suspended sediment to the Black River can be
estimated.

Sampling Programs

There are two sources of suspended sediment and river discharge data for the
Black River Watershed. One source is a sampling program which was conducted
as part of the Lake Erie Wastewater Management Study (LEWMS) in 1975 through
1977. A total of 101 samples were collected from the Black River at Elyria
using an event sampling strategy. Load estimates were developed based on
instantaneous flow-concentrations and daily flows over the period of record
at the water level station. Through use of this data and the flow interval
method, the mean annual suspended sediment discharge of the Black River at
Elyria is estimated to be 89,300 tons.

The second source of data is a sampling program conducted by the USGS in 1980
and 1981 which included five locations in the Black River Watershed.
Suspended sediment and discharge data was collected daily at two stations and
periodically at the remaining three stations. The daily mean water discharge
was used with a graph of concentration versus gage height to compute
suspended sediment discharge in tons per day. These daily discharge values
are then summed for the annual estimates. The results of this sampling
program are presented in Table 15. The annual suspended sediment discharge
at Elyria for the year 1 July 1980 to 30 June 1981 is estimated to be 91,600
tons, as compared to 89,300 tons by LEWMS procedures. Unit area loads for
the Black River, the East and West Branch at Elyria and the West Branch near
Oberlin are similar. The East Branch near Lagrange has a unit area load
approximately one-half that of the other stations.

It was reported previously by Anttila and Tobin (1978) that most of the sedi-
ment transported by the Black River, as well as most Ohio streams, is in
suspension. Mean annual bedload discharge, in percentage of mean annual
suspended sediment discharge, is estimated to be less than 1 percent.

40



Table 15 - Results of USGS Sampling Program

Station : Annual SS : Mean Daily : Flow-Weighted :
Location : Discharge : Discharge : Mean Conc. : Unit Area Load

: (tons) (cfs) (mg/l) :(tons/acre/yr)

Black River at
at Elyria : 91,600 : 338 275 : 0.36

West Branch
Black River
at Elyria : 44,000 145 309 0.40

East Branch
Black River
at Elyria (I) : 47,600 193 250 0.34

West Branch
Black River
nr. Oberlin 18,300 69 269 : 0.35

East Branch
Black River
nr. Lagrange 15,700 : 100 159 0.18

(1) Estimates for East Branch Black River at Elyria were calculated by
subtracting data for West Branch Black River at Elyria from data for

Black River at Elyria.

Delivery of Eroded Material

The suspended sediment loadings calculated above originate from two sources:

(1) Sheet and rill erosion in the upland areas of the watershed, and

(2) Streambank erosion along the channel. As discussed previously, the
streambank erosion portion of the suspended sediment load measured at Elyria
is approximately 11,300 tons annually (assuming that 100 percent of the net
eroded material is carried downstream through the gaging site). Therefore,
the sediment produced in the upland areas of the watershed, delivered to the
Black River, and carried downstream through the gaging site at Elyria is
approximately 78,000 tons annually (according to LEWMS load estimates). This
value is calculated by subtracting the sediment attributable to streambank
erosion (11,300 tons) from the total estimated suspended sediment load
(89,300 tons). Based on USGS loading estimates, the suspended sediment
loading attributable to upland erosion is 80,000 tons annually (91,600 tons
less 11,300 tons).

The ratio of erosion to suspended sediment discharge is termed the "delivery
ratio." Essentially, it is the proportion of erosion that actually reaches
the stream channel and is carried downstream. This ratio is assumed to be
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1.0 for streambank erosion. For upland erosion the value can be calculated
by dividing the potential gross erosion above the gaging site at Elyria
(784,800 tons) into the suspended sediment discharge attributable to upland
erosion (78,000 tons for LEWMS Loadings). This results in a delivery ratio
of 0.098 (0.101 for USGS loading estimates). This indicates that approxi-
mately 10 percent of the annual potential gross erosion in the upland areas
of the Black River Watershed is delivered to the stream system and
transported downstream through Elyria to Lorain Harbor.

4I
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SECTION D - CONCLUSIONS

The purpose of this section is to briefly summarize the results of this
investigation. This section presents information on the results of stream-
bank erosion and the upland erosion control studies.

Summary Results of Streambank Erosion Control Studies

The purpose of the streambank erosion control studies conducted for this
study was to identify and quantify sources of streambank erosion and to
determine the feasibility of implementing streambank erosion control
measures. The streambank component study area consisted of the main stem of
the Black River, in addition to the East Branch, West Branch, and West Fork
of the Black River.

Results of the studies conducted for this report indicated that of the 241
bank miles of streambank in the study area, only 11 percent were actively
eroding. The studies also indicated that annual streambank erosion produces
10,700 cubic yards of sediment. Of this 10,700 cy of sediment, it is esti-
mated that 8,900 cy is transported to Lorain Harbor (with an expected 100
percent delivery) and requires annual maintenance dredging. This volume of
sediment represents 8.8 percent of the total volume of sediment annually
dredged.

The study also concluded that past meander changes contributed 1,920 cubic
yards of sediment each year. However, the majority of meander changes, and
subsequently, the amount of bank displacement occurred between 1938 and 1951.
Therefore, the bank displacement is not representative of the present
condition.

The cost of the proposed streambank erosion treatment methods amounts to $8.0
million with negative net benefits of $589,000 and a benefit-cost ratio of
0.06. It has been determined that further study is not economically feasible
and no overriding environmental or social benefits would be derived from
implementation of these erosion treatments. Therefore, the conclusion of
this report for streambank erosion control is that the no-action (do nothing)
plan is the only course of action and no further investigation of streambank
erosion is warranted.

Summary Results of Upland Erosion Control Studies

The purpose of this study of upland erosion in the Black River Watershed was
to identify and estimate the amount of sediment produced from diffuse sources
throughout the drainage basin and delivered to the Black River System. A
series of management measures has been developed to control erosion in the
upland area. Implementation of these programs must, however, be pursued by
other (local) interests.

Results of the analysis indicate that there is considerable erosion occurring
in the upland portions of the watershed. The Universal Soil Loss Equation
analysis estimates the annual soil loss to be 835,000 tons. Approximately 80
percent of this erosion (663,000 tons) occurs on cropland areas of the
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watershed at a rate of 4.7 tons/acre/year. Of this 835,000 tons of sediment
produced it is estimated that 80,000 tons (USGS) is delivered to the Black
River and requires annual dredging. This represents approximately 58.8 per-
cent of the total amount of sediment dredged. Therefore, in order to signi-
ficantly reduce dredging costs at Lorain Harbor, an effective erosion control
program must be implemented in these eroding areas.

Implementation of maximum reduction tillage and reduced tillage techniques
will reduce potential gross erosion by 39.9 percent and 24.5 percent,
respectively. Greater reductions are not possible because nearly half of the
cropland erosion occurs on soils which are somewhat poorly to very poorly
drained and hydraulic conductivity is so slow that even tile does not provide
adequate drainage. This indicates that implementation of alternative land
management practices on these soils for erosion control purposes would not be
feasible. Some erosion reductions would be realized by implementation of no-
till and reduced tillage techniques in the southern, upland portions of the
watershed where soils are most suitable. Analysis of Best Management
Practices for agricultural land management indicates that costly and
involved methods of erosion control, rather than a simple change in tillage
technique, are necessary to significantly reduce erosion in the Black River
Watershed.

Based on sampling program results, approximately 10 percent of the 835,000
tons of eroded material is delivered to the Black River system annually and
subsequently transported to Lorain Harbor.

In conclusion, the streambank component and upland component account for 67.6
percent of the amount of sediment dredged from the navigational channel at
Lorain Harbor. The remainder of the sediment (32.4 percent) can probably be
attributed to the following factors. Only 84 percent of the entire Black
River Watershed was accounted for in the Upland Component. The remaining 16
percent of the watershed is located downstream of the Elyria Gaging Station,
which was not included as part of this study. Therefore, a possibility
exists that a sizeable amount of sediment generated from French Creek Basin,
located downstream of Elyria, was unaccounted for. Inaccuracies may have
existed in the Universal Soil Loss Equation (USLE), conversion factors,
dredging records, and field survey estimates. Also, the magnitude of sedi-
ment contribution from local sources, such as industry, runoff from streets,
etc., have not been accounted for and could be significant.
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SECTION E - RECOMMENDATIONS

Since streambank erosion control improvements cannot be economically Justified,
it is recommended that no further consideration be given to streambank erosion
control improvements in the Black River Basin and that the sedimentation and
erosion portion of the Lorain Harbor study be terminated.

In addition, it is recommended that local interests implement upland erosion
measures (Best Management Practices) on eroding areas in the watershed. To
assist in this effort it is also recommended that local interests seek pro-
fessional advice from technical experts such as the United States Soil
Conservation Service, the local Soil and Water Conservation Districts, and
private consultants prior to implementing upland erosion control plans.

ROBERT R. HARDIMAN
Colonel, Corps of Engineers
District Engineer
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