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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF MANAGEMENT AND BUDGET

WASHINGTON, D.C. 20503

April 10, 1979

Property of

Flood Control District of MC Library
“lease Return to
2801 W. Durango
Honorable Clifford Alexander Phoenix, AZ 85009

Secretary of the Army
Washington, D.C. 20310

Dear Mr. Secretary:

Deputy Under Secretary of the Army Michael Blumenfeld's letter of
November 1, 1978, transmitted the interim report of the Chief of Engi-
neers on the Streambank Erosion Control Evaluation and Demonstration
Program, and requested information on the report's relationship to the
program of the President, in accordance with Section 4 of Executive
Order No. 9384, dated October 4, 1943.

We would have no objection to the transmission of the report to the
Congress for its information.

Sincerely,

(Signed) D. E. Crebill

‘Eliot R. Cutler
Associate Director for
Natural Resources,
Energy and Science




DEPARTMENT OF THE ARMY

OFFICE OF THE ASSISTANT SECRETARY
WASHINGTON, D.C. 20310

Ay 21979

Honorable Walter F. Mondale
President of the Senate
Washington, D.C. 20510

Dear Mr. President:

I am transmitting herewith an interim report dated 28 September
1978 from the Chief of Engineers, Department of the Army, on the
Streambank Erosion Control Evaluation and Demonstration Program. The
report has been prepared in response to Section 32 of the Water Resources
Development Act of 1974 (Public Law 93-251), as amended.

The Office of Management and Budget advises that there is no objec-
tion to the submission of the Chief of Engineers' report to the Congress
for its information. A copy of the letter from the Office of Management

and Budget is enclosed as part of the report.

Sincerely,

o

L g L e
Enclosure Michael Blumenfeld
Report Assistant Secretary of the Army

(Civil Works)




DEPARTMENT OF THE ARMY

OFFICE OF THE ASSISTANT SECRETARY
WASHINGTON, D.C. 20310

MAY 2 1979

Honorable Thomas P. O'Neill, Jr.
Speaker of the House of Representatives
Washington, D.C. 20515

Dear Mr. Speaker:

I am transmitting herewith an interim report dated 28 September
1978 from the Chief of Engineers, Department of the Army, on the
Streambank Erosion Control Evaluation and Demonstration Program. The
report has been prepared in response to Section 32 of the Water Resources
Development Act of 1974 (Public Law 93-251), as amended.

The Office of Management and Budget advises that there is no objec-
tion to the submission of the Chief of Engineers' report to the Congress
for its information. A copy of the letter from the Office of Management
and Budget is enclosed as part of the report.

Sincerely,

/S/ _ o ? l’_/" S 4
Enclosure Michael Blumenfeld

Report Assistant Secretary of the Army
(Civil Works)
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted to metric (SI) units as

follows:

Multiply By To Obtain
acres 4046.856 square metres
cubic yards 0.7645549 cubic metres
degrees (angle) 0.01745329 radians
feet 0.3048 metres
feet per second 0.3048 metres per second
inches 25.4 millimetres
miles (U. S. statute) 1.609344 kilometers

square yards 0.8361274 square metres




INTERIM REPORT TO CONGRESS
30 SEPTEMBER 1978

Section 32 Program
Streambank Erosion Control Evaluation and
Demonstration Act of 1974

INTRODUCTION

The United States contains nearly 3.5 million miles of rivers, creeks, and other such streams.
Erosion is occurring on over half a million miles of bank lines along these streams. The resulting total
annual damages of about $270 million are a serious economic loss to both private and public interests
located along these streambanks. The U. S. Congress has recognized this problem and the potential
benefits to be derived by controlling bank erosion. Legislation has been enacted to develop low-cost-
effective bank protection guidelines for both public works and private citizens. A developmental
program is being conducted by the U. S. Army Corps of Engineers for execution. An interim status
report on the program is presented herein.

BACKGROUND

The River and Harbor Act of 1968 (Title 1 of Public Law 90-483, Section 120) authorized and
directed the Secretary of the Army, acting through the Chief of Engineers; “. ..to make studies of the
nature and scope of the damages which result from streambank erosion throughout the United
States....” The ensuing Report of the Chief of Engineers to the Secretary of the Army, A Study of
Streambank Erosion in the United States, August 1969, indicated that total annual damage resulting
from streambank erosion in the United States amounted to approximately $90 million. In comparison,
the estimated total annual cost of conventional bank protection required to prevent the damage was
estimated to be $420 million, which emphasized the importance of developing low-cost methods for
eliminating most streambank erosion problems. The 1969 report recommended a vigorous research and
development effort, under existing agency authorities, to improve and develop the required low-cost
remedial measures and to more fully understand the erosion process and its effects.

AUTHORIZING LEGISLATION

In recognition of the serious economic losses occurring throughout the Nation due to bank erosion,
the U. S. Congress passed the Streambank Erosion Control Evaluation and Demonstration Act of 1974,
Section 32, Public Law 93-251 (as amended by Public Law 94-587, Section 155 and Section 161, October
1976). This legislation authorizes a five-year program consisting of an updated analysis of the extent and
seriousness of streambank erosion, research studies of soil stability and hydraulic processes to identify
causes of erosion, an evaluation of existing bank protection techniques, and construction and
monitoring of demonstration projects to evaluate the most promising bank protection methods and




techniques. The program thus established and now in progress will hereinafter be referred to as the
“Section 32 Program.” A copy of the Section 32 Program legislation is attached as Exhibit 1.

IMPLEMENTATION OF PROGRAM TASKS

A Steering Committee was formed to organize the program, develop the scope of the work, review
recommended demonstration project sites and types of protection to be investigated, establish
monitoring guidelines, evaluate results, and prepare interim and final reports on the program. The
Committee, composed of representatives from the Office, Chief of Engineers (OCE), each Continental
United States Division of the Corps, and the Hydraulics and Geotechnical Laboratories of the U. S.
Army Engineer Waterways Experiment Station (WES), has met seven times since the beginning of the
Section 32 Program. Minutes of each Committee meeting are distributed to all Corps of Engineers
Divisions and Districts to aid in technical and administrative coordination of the Section 32 Program
Corps-wide.

PROGRAM SCOPE

To accomplish the broad objectives of the authorizing legislation, the Steering Committee has
developed a program consisting of the following work units.
Evaluation of extent of streambank erosion, nationwide.
Literature survey and evaluation of bank protection methods.
Hydraulic research on effectiveness of bank protection methods.
Research on soil stability and identification of causes of streambank erosion.
Ohio River demonstration projects.
Missouri River demonstration projects.

Yazoo River Basin demonstration projects.

M R R S

Demonstration projects on other streams, nationwide.

hed

Reconstruction at demonstration projects.

10. Reports to Congress.

Brief descriptions of these work units are given in subsequent paragraphs.

The demonstration projects specified by the Section 32 Program legislation encompass a major
portion of the programmed work. These projects are being undertaken on streams selected to represent a
variety of geographical and environmental conditions, including streams with naturally occurring
erosion problems and streams with erosion caused or increased by man-made structures or activities.
Current funded and proposed demonstration projects are listed in Exhibit 2.

Evaluation of Extent of Streambank
Erosion, Nationwide (Work Unit 1)

This evaluation consists of an updating of the Corps of Engineers 1969 report A Study of
Streambank Erosion in the United States. Districts and Divisions reviewed the findings given in the 1969
report and made additional field reconnaissance surveys to update the extent of streambank erosion.
This work was completed in FY 77 and is summarized in Appendix A. The current total assessment is




summarized below. This further confirms the need for lower cost methods to provide the desirable and,
in many cases, the urgently needed protection.

Length of channels 3.5 million stream-miles
Length of erosion 575,000 bank-miles

Length of serious erosion 142,000 bank-miles

Total damages $270,000,000 per year

Total damages from serious erosion $200,000,000 per year

Estimated protection costs for serious
erosion (by conventional methods) $870,000,000 per year

Literature Survey and Evaluation of
Bank Protection Methods (Work Unit 2)

WES has completed a literature survey and preliminary evaluation of streambank protection
methods. The report* was published and widely distributed in FY 77. WES and Corps Districts are
observing and evaluating the effectiveness of bank protection methods at existing Corps and other
agency projects, as well as at Section 32 Program demonstration projects. Additional details of progress
and proposed future work are given in Appendix B.

Hydraulic Research on Effectiveness
of Bank Protection Methods (Work Unit 3)

Hydraulic research is being conducted at the WES and the Missouri River Division Mead
Hydraulic Laboratories in scale models to evaluate existing and new methods and techniques of
protecting streambanks subject to attack by flow, wave action, and fluctuating water stages. Model
flume demonstration tests for comparative evaluation of riprap, rock windrow revetment, riprap hard
points, riprap toe protection, rock-filled grids, gabion grids, gabion toe protection, and various wire
fencing schemes have been conducted at the two laboratories. In addition, preliminary hydraulic tests
have been completed on the effects of propeller wash on an alluvial bed. WES is currently conducting
hydraulic research in laboratory test channels to investigate and develop more cost-effective techniques
to protect banks against both wind- and boat-generated waves. Experimental facilities are being
constructed to permit evaluation of the effects of tows and rapid fluctuation of water stages on
streambank erosion and protection. The WES hydraulic research efforts for the Section 32 Program are
being closely coordinated with those of the Coastal Engineering Research Center for the Section 54
Program, Shoreline Erosion Control Demonstration Act of 1974 (Public Law 93-251). Additional
details on the hydraulic research efforts are given in Appendix C.

Research on Soil Stability and Identification
of Causes of Streambank Erosion (Work Unit 4)

Geotechnical research being conducted by WES addresses three specific topics given in the Section
32 Program legislation: (a) conduct research on soil stability, specifically the influence of soil properties
on bank stability and the development of procedures for evaluating bank stability; (b) identify the causes

* See Reference |, Appendix B.




and mechanisms of streambank erosion, specifically the influence of alluvial geology and the techniques
for monitoring the natural processes and changes caused by man-made obstructions; and (c) investigate
new methods and techniques for bank protection, specifically recent developments in materials usage
and soil treatments that may be applicable to bank protection or river training structures either as part of
a restoration system or as preventive measures. Test apparatus has been designed for studying soil
erosion in the laboratory and a contractual study for the “Development of a Quantitative Method to
Predict Critical Shear Stress and Rate of Erosion of Natural Undisturbed Cohesive Soils” is in progress.
Characteristics of approximately 20 sites have been investigated and waterborne geophysical surveys
have been performed at three sites. Historical changes in fluvial geomorphology have been studied at
selected sites by means of aerial photography and topographic maps. In the area of geotechnical
research for new methods and techniques for bank protection, metal panels both with and without filter
fabric and anchoring systems were subjected to several flow regimes in a curving, sand channel model. In
addition, five materials were sprayed on a local denuded hillside for analysis as expedient upper bank
protection. Further details on geotechnical research in progress are given in Appendix D.

Demonstration Projects of Streambank
Protection (Work Units 5, 6, 7, and 8)

Corps of Engineers field offices are presently planning, designing, constructing, and monitoring
demonstration projects at selected sites on numerous rivers and streams throughout the United States.
The objective is to demonstrate economical and effective methods of streambank protection that will
minimize bank recession and thus prevent the permanent loss of adjacent property. Promising low-cost
methods and materials are therefore being tested at representative streambank sites to demonstrate their
potential for wide-scale use. All proposed construction is first being coordinated with local authorities
and/or private interests, and contractual agreements reached before work begins. The agreements
include responsibilities for the projects after results of the demonstration program have been obtained.
The status of work on the demonstration projects is summarized below. Detailed reports on Work Units
5, 6, 7, and 8 are included in Appendices E, F, G, and H, respectively.

Demonstration Project Development. The demonstration projects specified in the Section 32
Program legislation, subsequent amendments, and the 1978 appropriation act have been given first
priority for construction. Additional projects have been selected for their potential as field test sites for
certain protective methods and materials. However, the funds programmed for projects not specified in
the legislation may be reduced at some future time if additional funds are required for the specified
projects. Other considerations in selecting sites for unspecified projects include (a) active erosion area
representative of a general region, (b) effective demonstration, (c) results to be available within the
program time frame, (d) minimum environmental impact, (e) public interest, and (f) accessibility of area.
Potential sites are selected and preliminary plans are prepared in coordination with local interests by
District Offices and submitted through Division Offices to the Steering Committee for review. Steering
Committee recommendations on site selection are submitted to OCE for approval. Preliminary plans
for demonstration projects are approved by the Steering Committee and returned to Districts through
Divisions for preparation of detailed construction plans and specifications.

Streambank Protection Selected for Testing. The streambank protection techniques approved for
testing in the field must be generally capable of meeting the following criteria: (a) low construction and
maintenance costs, (b) potential for long life, (c) environmentally acceptable, (d) ability to withstand
expected waves and flow velocities, () 500- to 1000-ft length for each different protection method, and




(f) a minimum of three different protection methods at each site.

Project Monitoring. Performance of the demonstration projects is being monitored by the Dis-
tricts with guidance and suggestions from the Steering Committee.* WES is responsible for ensuring
that Committee recommendations concerning project monitoring are coordinated with all concerned.
Plans for monitoring during the test period include observations and appropriate measurements of
(a) the performance of the streambank protection method and materials, (b) any changes in the
channel and bank-line configuration, (c) general streamflow and weather conditions, (d) flow and wave
conditions adjacent to the protection works, (e) soils and foundation characteristics, and (f) aquatic
and terrestrial habitat for fish and wildlife. A final report on each project will be prepared by the respon-
sible District to formally record site, construction, and performance information in accordance
with a standard format.

Ohio River Demonstration
Projects (Work Unit 5)

The Districts in the Ohio River Division have investigated numerous sites on the Ohio River where
active streambank erosion is occurring. Letter reports have been prepared for most of those sites, and
projects for 15 of the sites have been reviewed and approved by the Steering Committee. Funds have
been made available to the Districts for construction at 11 of the sites (although one has been canceled),
construction has been completed at 6 of the sites, and construction at the remaining 4 sites will be
completed in the summer of 1978. The approved and funded project at Henderson County, Kentucky,
had to be canceled due to the failure of the local interests in the Commonwealth of Kentucky to provide
assurance agreement. The demonstration projects at Milford, Ohio, on the Little Miami River and
South Charleston, West Virginia, on the Kanawha River have also been included with the Ohio River
Demonstration Projects. A tabulation of pertinent data for all of the proposed, approved, or funded
projects and individual summary descriptions for all of the constructed or funded projects are given in
Appendix E.

Missouri River Demonstration
Projects (Work Unit 6)

Thirty demonstration projects have been programmed for construction on the Missouri River—21
below Garrison Dam in North Dakota, 1 below Fort Randall Dam in Nebraska, and 8 between Gavins
Point Dam and Ponca, Nebraska. Demonstration projects at all the sites specifically authorized by
Congress to date have been programmed. Six specified demonstration projects on the Missouri River,
one below Garrison Dam and five below Gavins Point Dam, either have been or are presently under
construction. Construction is scheduled to begin on five more in FY 78—two below Garrison Dam in
North Dakota, one below Fort Randall Dam in Nebraska, and two below Gavins Point Dam in
Nebraska and South Dakota. The remainder of the presently programmed demonstration projects on
the Missouri River will be constructed during FY 79, FY 80, and FY 81. A table of pertinent information
including funding status on each proposed, approved, or funded project and individual summary
descriptions on several funded projects are included in Appendix F.

*  See Reference 2, Appendix B.




Yazoo River Basin Demonstration
Projects (Work Unit 7)

Section 32 of the 1974 Water Resources Development Act (Public Law 93-251) authorizes
construction of demonstration projects in “the delta and hill areas of the Yazoo River Basin generally in
accordance with the recommendations of the Chief of Engineers in his report dated September 23,
1972.” Twenty demonstration projects have been programmed for the Yazoo River Basin as listed in
Appendix G. To date, 11 demonstration projects have been constructed and are presently being
monitored. Construction is in progress on three additional projects, and plans are being formulated for
six more. Construction of all 20 of these demonstration projects is scheduled for completionin FY 1981
and the protective techniques will be evaluated before the conclusion of the Section 32 Program. In
addition to these projects, cooperative efforts with other agencies have been initiated to address special
areas of interest regarding streambank erosion in the Yazoo River Basin. This work includes studies of
sediment transport, tests of vegetal covers for possible use in this region, and an inventory of potential
bank stabilization methods used by the U. S. Soil Conservation Service. Appendix G includes
additional details on the work being conducted under Work Unit 7.

Demonstration Projects on Other
Streams, Nationwide (Work Unit 8)

Potential low-cost streambank protection methods and materials are being evaluated at other
selected sites nationwide to demonstrate their capability to perform under a broad range of geographical
and environmental conditions. The sites are selected by Districts on the basis of their potential for
demonstration and testing of improved techniques. Work Unit 8 is composed primarily of
demonstration projects that were not specified by the Section 32 Program legislation. The Eel and
Yellowstone Rivers sites were added as an amendment in 1976 and are included under this work unit for
reporting purposes. The work unit presently consists of 38 approved or proposed demonstration
projects on 32 different streams throughout the United States. Eight of the projects have been approved
for construction and monitoring. Construction of all but one or two of these projects should be
completed in FY 78 or early in FY 79. Seven other projects have been allotted minimal funding to permit
preliminary planning and feasibility studies to commence. These projects are scheduled for construction
in FY 1979. No funds have been allocated to date for the remaining 24 proposed projects; however, a
number of these will be approved for construction in future years, depending on the allocation of funds
by Congress and the actual costs required to complete the projects specified. Further information on
Work Unit 8 is given in Appendix H.

Reconstruction at Demonstration
Projects (Work Unit 9)

Some of the experimental bank protection methods being tested in the demonstration projects may
be damaged during the monitoring period. These would be reconstructed, as necessary, with funds
budgeted under this work unit of the Section 32 Program to provide adequate bank protection before
turning the projects over to the local sponsors.

Reports to Congress (Work Unit 10)

The interim and final report on Section 32 Program are specified by the current legislation to be
completed and submitted to Congress by 30 September 1978 and 31 December 1981, respectively. This



interim report consists of a brief main report and appendices that summarize the status of activities and
funding of the program through FY 1978 and present proposed activities and funding for the remainder
of the program. The final report will consist of a main report with recommendations and appendices that
will summarize activities and funding of the completed program. The final report will be supplemented
by a public information pamphlet to assist local interests in self-help protection work for streambank
erosion control. New technical knowledge resulting from the program will be incorporated into
pertinent Corps of Engineers design manuals.

PROGRAM SCHEDULE AND FUNDING

The original Act of 1974 (see Exhibit 1) authorized to be appropriated for the five- (fiscal) year
period ending 30 June 1978 funds not to exceed $25,000,000 to carry out the program. The 1976
amendment to the Act increased the authorized funding to not exceed $50,000,000, indicated a final
reporting date of 31 December 1981, and added a number of specified demonstration project site
locations. However, the President’s Fiscal Year 1979-1983 Budget program projects a funding schedule
that will extend the program through FY 1983, with a final reporting date of 30 September 1983. Actual
funding through FY 1978 and additional scheduled funding to complete the Section 32 Program in FY
1983 in accordance with the President’s Fiscal Year 1979-1983 Budget are shown in Exhibit 3.

FISH AND WILDLIFE COORDINATION ACT REPORT

The Section 32 Program is being coordinated with the U. S. Fish and Wildlife Service (USFWS)
under provisions of the Fish and Wildlife Coordination Act of 1958. This coordination is primarily
between Corps District Offices responsible for planning and construction of the demonstration projects,
and Fish and Wildlife area offices. A Fish and Wildlife representative is also located at the WES in
Vicksburg, Mississippi, for coordination and consultation. Funds are transferred to the USFWS
annually for their activities.

The Denver Regional Director of the USFWS has furnished an interim report addressing the
Section 32 Program in the Missouri River Basin (Appendix I). Although this report has been prepared
for and is directed toward demonstration projects along the Missouri and Yellowstone Rivers,
recommendations contained therein will be given Corps-wide consideration as the nationwide Section
32 Program is administered. This report was circulated to the States of Montana, North Dakota, South
Dakota, and Nebraska by the USFWS, and comments on the report by representative agencies of these
states and of the U. S. Army Engineer District, Omaha, are included in Appendix I. The State of
Montana has prepared and furnished a separate report on its view of the program along the lower
Yellowstone River. This is also included in Appendix I.

Coordination with the USFWS in the Missouri River Basin involves initial review of proposed
erosion control measures, review of plans and specifications prior to awarding of construction
contracts, and field inspections of completed works. The USFWS has also been requested to assist in the
development of monitoring and evaluation of completed projects, and to participate in the actual
monitoring of the projects with a view toward determining the influence of specific control measures on
adjacent habitat loss and/ or development. The USFWS will furnish a final report at the completion of
the demonstration program.




Exhibit 1

SECTION 32 PROGRAM LEGISLATION
Public Law 93-251, Section 32, March 1974
As amended*by Public Law 94-587, Sec 155 & Sec 161, October 1976

(a) This section may be cited as the "Streambank Erosion Control Evaluation and
Demonstration Act of 1974".

(b) The Secretary of the Army, acting through the Chief of Engineers, is authorized
and directed to establish and conduct for a period of five fiscal years a national stream—
bank erosion prevention and control demonstration program. The program shall consist of
(1) an evaluation of the extent of streambank erosion on navigable rivers and their tribu-
taries; (2) development of new methods and techniques for bank protection, research on soil
stability, and identification of the causes of erosion; (3) a report to the Congress on
the results of such studies and the recommendations of the Secretary of the Army on means
for the prevention and correction of streambank erosion; and (4) demonstration projects,
including bank protection works.

(c) Demonstration projects authorized by this section shall be undertaken on streams
selected to reflect a variety of geographical and environmental conditions, including
streams with naturally occurring erosion problems and streams with erosion caused or in-
creased by manmade structures or activities. At a minimum, demonstration projects shall
be conducted at multiple sites on:

(1) the Ohio River;

(2) that reach of the Missouri River between Fort Randall Dam, South Dakota,
and Sioux City, Iowaj;

(3) that reach of the Missouri River in North Dakota at or below the Garrison
Dam, -aad- including areas on the right bank at river miles 1345; 1310; 1311; 1316.5; 1334.5;
1341; 1343.5; 1379.5; 1385; and on the left bank at river miles 1316.5; 1320.5; 1323;
1326.55 1335. 750 1338.5; 1345.2; ¥357+5; 13605 1366.5; 13685 and 1374,

(4) the delta and hill areas of the Yazoo River Basin generally in accordance
with the recommendations of the Chief of Engineers in his report dated September 23, 1972.

(5) the delta of the Eel River, California;

(6) the lower Yellowstone River from Intake, Montana, to the mouth of such river.

(d) Prior to construction of any projects under this section, non-Federal interests
shall agree that they will provide without cost to the United States land, easements, and
rights-of-way necessary for construction and subsequent operation of the projects; hold
and save the United States free from damages due to construction, operation, and maintenance
of the projects; and operate and maintain the projects upon completion.

(e) There is authorized to be appropriated fer—the—fivefiseal—year-period-ending-
Fure—365—3978; not to exceed $2576665666- $50,000,000 to carry out subseetiens—(b)—Fte)rs
and—{dr—eof-this—seetion this action.

(f) The Secretary of the Army shall make an interim report to Congress on work under-
taken pursuant to this section by September 30, 1978, and shall make a final report to
Congress no later than December 31, 1981.

The Public Works for Water and Power Development and Energy Research Appropriation Bill,
Fiscal Year 1978, specified: " ; work on the Fort Randall--Sioux City, Iowa
reach of the Missouri River, including the Sunshine Bottom, Goat Island and Ionia Bend
sites," at miles 868.5 right, 796.5 left and 761.0 right, respectively (see Section 32
paragraph (c)(2)).

* 1In the Section 32 Program legislation above, amendment additions are underlined
and amendment deletions are lined through.

EXHIBIT 1



EXHIBIT 2: LIST OF DEMONSTRATION PROJECT BITES

A. Ohio River and Tributaries

% 1, Moundsville (at Grave Creek), WV (102.0 L)**
* 2. Moundsville, WV (107.0 L)
* 3. Powhatan Pt., OH (110.0 R)
4. New Matamoras, OH (142.7 R)
+ 5. St. Mary's, WV (155.0 L)
* 6. Ravenswood, WV (220.6 L)
7. South Point, OH (316.9 R)
8. Ashland - Boyd County Airport, KY (330.9 L)
9. Wheelersburgh, OH (346.2 R)
* 10. Portsmouth, OH (355.4 R)
* 11. Moscow, OH (443.5 R)
* 12 Mt. Vernon, IN (829.0 R)
* 13. South Charleston (Kanawha River), WV (52.3 L)
* 14, Milford (Little Miami River), OH (Left Bank)

B. Missouri River

Sandstone Bluff I, ND (1368.0 L)

Sandstone Bluff II, ND (1366.5 L)

Lewis and Clark 4-H Camp, ND (1357.5 L)

Eagle Park, ND (1323.0 L)

Sunshine Bottom, NB (868.5 R)

Goat Island, SD (796.5 L)

Vermillion Boat Club, SD (786.0 L)

Brooky Bottom Rd., NB (784.0 R)

Mulberry Point, SD (777.0 L)

10. Mulberry Bend, NB (775.0 R)

11. Vermillion River Chute, SD (771.0 L)

12. Ryan Bend, NB (767.0 R)

13. Tonda, NB (761.0 R)

14. Right bank at river miles 1385, 1379.5, 1345, 1343.5, 1341,
1338.5, 1334.5, 1316.5, 1311 and 1310, and on the left bank

at river miles 1374, 1360, 1345.2, 1338.5, 1335.7, 1326.5, 1320.5 ‘and
1316.5; ND. (These sites along with items Bl, B2, B3, and B4 are
specified in PL 94-587.)

oo s~wN -

% % ¥ o % ¥ ¥ ¥ ¥ ¥ ¥ ¥

(Sites B5, B6, and B1l3 are specified in the FY 1978
appropriation bill.)

* Funded projects.
** River mile and bank location (either left or right bank looking
downstream) are shown in parentheses.
+ Only minimal funding to cover preliminary planning and design has
been allocated.
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C. Yazoo River Basin

Batupan Bogue, FY 74

Batupan Bogue, Item 4A

Goodwin Creek, Item 8

Hotophia Creek, Item 7

Hunter Creek, Item 1A

Johnson Creek, Items 9, 11, 12

Long and Caney Creeks, Items 10, 11, 12
Perry Creek, Item 6A

Perry Creek, Item 6B

10. Perry Creek, Item 6C7

11. Perry Creek, Item 6D

12. Tillatoba and Hunter Creeks, Item 1
13. Tillatoba Creek, North Fork, Item 2
14. Tillatoba Creek, North Fork, Item 3A
15. Tillatoba Creek, North Fork, Item 3C
Tillatoba Creek, South Fork, FY 72
17. Tillatoba Creek, South Fork, FY 73
18. Tillatoba Creek, South Fork, Item 5A
19. Tillatoba Creek, South Fork, Item 5B
20. Tillatoba Creek, South Fork, Item 5C

¥ % ¥ % ¥ *

*
LCo~NOTuULPwN -

*

* % Ok % ¥ % % ¥ ¥
-
o)

Note: All the projects are located in the State of Mississippi. Fiscal year
designations and item numbers are for District administrative control.

D. Yellowstone River (Specified in PL 94-587)

* Right bank at mile 27.5, MT

1L
2. Right bank at mile 20.0, ND
3. Right bank at mile 11.5, ND

E. Eel River Delta (Specified in PL 94-587)

1. Eel River at Fortune, CA
% 2. Van Duzen River at Carlotta, CA

F. Sites on Other Streams Nationwide Not Specified in Authorizing
Legislation

*

Connecticut River at Haverhill, NH

Connecticut River at Northfield, MA

Delaware River at Paulsboro, NY

Hudson River at Coxsackie, NY

Pearl River at Monticello, MS

Roanoke River at Leesville, VA

Roaring River at Wilkes County, NC

Allegheny River at Wattersonville, PA
Cumberland River at Tennessee State University
Cumberland River at Iuka, KY

* —+ % % —+ -+
CVW~NUIHWNH

=

EXHIBIT 2 (Sheet 2 of 3)
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(Continued)

11. Kanawha River at St. Albans, WV
12. Wabash River at Maunie, IL
13. Wabash River at New Harmony, IN
* 14. Towa River at Wapello, IA
T 15. Lower Chippewa River at Eau Claire, WI
16. Bayou Sara at St. Francisville, LA
17. Kaskaskia River at Fayetteville, IL
18. St. Catherine Creek at Natchez, MS
* 19. White River at Des Arc, AR
20. Brazos River at Sealy, TX
21. Rio Chama at Espanola, NM
22. Sabine River at Deweyville, TX
t 23. White River at Jacksonport, AR
24. Kansas River at Eudora, KS (Fall Leaf Drainage District)
25. Kansas River at De Soto, KS
26. Knife River at Mercer, ND
27. Middle Loup River at Loup City, NE
28. Nemaha River at Sterling, NE
29. Nemaha River, Elk Creek Site, NE
30. Platte River at Columbus, NE
31. Platte River at Easton - Saxton Rd., MO
32. Powder River at Arvada, WY
33. White River at Presho, SD
34. Yellowstone River at Worden, MT
35. Russian River at Dry Creek, CA
36. Sacramento River at Glen, CA (176.5 R)
t 37. Green River at Kent, WA (King County)
+ 38. Walla Walla River at Milton-Freewater, OR

EXHIBIT 2 (Sheet 3 of 3)
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EXHIBIT 3:

(Program Completion - 30 Sep 83)

SECTION 32 PROGRAM FUNDING SCHEDULE

10

Work Unit Title

Evaluation of Extent of Streambank
Erosion, Nationwide

Literature Survey and Evaluation of
Bank Protection Methods

Hydraulic Research on Effectiveness
of Bank Protection Methods

Research on Soil Stability and Identi-

FY Funds in $1,000

0

fication of Causes of Streambank Erosion

Ohio River Demonstration Projects (1)
Missouri River Demonstration Projects

Yazoo River Basin Demonstration
Projects (2)

Demonstration Projects on Other
Streams, Nationwide (3)

Reconstruction at Demonstration
Projects

Reports to Congress

Totals

50

200

0

250

76 T6T T 78 79 80 81 82 83 Totals
200 50 300 0 0 0 0 0 0 550
100 25 75 105 150 150 150 150 150, 1,055
200 50 400 370 275 275 275 275 125 2,2k5
100 25 313 370 215 275 24D 275 125 2,095
1000 250 1000 250 250 200 150 150 100E 85350
1000 250 1000 2500 3000 2500 2500 200 150 13,150
1850 500 3000 2500 1500 2700 1500 380 0 1k,130
400 100 0 18fo° 2500 @ 1900F 1150 970 250 W91 L0
0 0 0 0 0 0 0 2500 1500 k4,000

0 0 0 35 0 0 0 100 150 285
4850 1250 6150 8000 7950 8000 6000 5000 2550 50,000

(1) Includes Milford, OH (Little Miami River), and South Charleston, WV (Kanawha River).

(2) Mississippi River and Tributaries funds are used for Yazoo River Basin Demonstration Projects.
are Construction, General.

(3) Includes Yellowstone and Eel Rivers.

All other funds
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APPENDIX A

An Evaluation of the Extent of Streambank
Erosion in the United States
(Work Unit 1)

SCOPE

This appendix presents an evaluation of the extent of streambank erosion currently existing in the
United States. Data on natural and man-induced streambank erosion were assembled or estimated for
all rivers, streams, and man-made channels with drainage areas generally larger than one square mile
and were compiled by water resources regions (Figure Al). The banks of estuaries, seacoasts, lakes, and
reservoirs were excluded. Funds and time permitted more extensive field investigations, reconnaissance
surveys, and use of sampling and extrapolation techniques than for the 1969 study. Other agencies which
participated in the 1969 study, particularly the Soil Conservation Service, contributed to the new
evaluation of extent of streambank erosion.

EVALUATION METHOD

As for the 1969 study, the method of evaluating the extent of streambank erosion in the Nation was
to determine for each of the 19 major water resources basins: (a) total length of channels in stream-
miles, (b) total length of erosion in bank-miles, (c) length of erosion in bank-miles meriting further
examination, (d) average annual damages of erosion meriting further examination, and (e) average
annual treatment cost for preventing erosion meriting further examination. Average annual damages
and treatment costs were determined by using the same average unit costs per bank-mile as were used in
the 1969 report, multiplied by 2.08 to account for the price increase from 1 July 1969 to 1 January 1978,
according to the Engineering News Record’s construction cost index. National values were obtained by
adding regional values, as shown in Table Al, which is essentially an update of Table I in the 1969 study
report. The current evaluation of the extent of streambank erosion, including damages and treatment
costs, is based on the national values.

EVALUATION LIMITATIONS

The current evaluation confirms the previous 1969 finding that only a small amount of reliable data
is available on the extent and nature of streambank erosion. Of the approximately 3,463,000 stream-
miles in the United States, only about 20,000 stream-miles have been subjected to prior detailed studies.
It was necessary to develop estimated data on the remaining 99 percent of the country’s streams. These
data were developed by numerous individuals and teams from the Corps of Engineers and several
participating agencies, using techniques considered appropriate for the streams in question. Despite
these limitations, the data help fill an important water resources information gap, and provide a more
reliable overall evaluation of the extent of streambank erosion in the United States. However, as for the
1969 study, the data contained herein are generally not of sufficient accuracy and detail to serve other
purposes such as project justification and authorization.

Al




EXTENT OF STREAMBANK EROSION

The current evaluation reveals that out of an estimated 3-1/2 million miles of streams (7 million
bank-miles), a total of approximately 8 percent or about 575,000 bank-miles are experiencing erosion to
some degree. Available data indicate the total damages for all degrees of bank erosion to be about $270
million annually. Much of the total erosion is quite mild in degree and low in damage. Consequently, the
evaluation concentrated on streambank erosion that appeared severe enough to merit further
examination to determine if some form of action should be undertaken to prevent or reduce the
damages. A total of about 142,000 bank-miles were reported to have this degree of erosion. While this
degree of erosion occurs on only 2 percent of the 7 million bank-miles in the Nation, it results in an
estimated total damage of about $200 million annually.

TREATMENT COSTS

The estimated annual cost to prevent the more serious streambank erosion meriting further
examination is over $870 million, based on methods presently in use. Lower cost methods of erosion
control being evaluated by research and demonstration projects under the Section 32 Program should
reduce this cost. These estimates indicate that for many stream reaches the cost of preventing
streambank erosion would greatly exceed the damages being sustained. There are many locations,
however, where detailed studies would show that prevention of damage merits the cost of protection.
The cost of detailed studies for all 142,000 bank-miles of erosion meriting further examination to
appraise the need for and feasibility of reducing the damages is estimated to be about $330 million. This
figure assumes that every mile of erosion would be investigated to the same degree. Relatively early in
each study it would become obvious that a substantial number of miles could not satisfy economic
justification criteria and would be excluded from further consideration, thereby lowering the total study
cost considerably.

SUMMARY AND CONCLUSIONS

Evaluation of the extent of streambank erosion under the Section 32 Program now shows a total of
nearly 3-1/2 million stream-miles in the Nation, 575,000 miles of streambank erosion, and 142,000
bank-miles of erosion meriting further examination. While some regional values differed significantly,
particularly those for length of bank-miles meriting further examination, national values differ only
small amounts from 1969 values. The average annual damages of about $200 million and average annual
treatment costs of over $870 million for erosion meriting further examination are approximately double
the corresponding values for the 1969 study. These increases correspond closely to the 108 percent
increase in prices between 1 July 1969 and | January 1978. The current evaluation confirms the 1969
study that streambank erosion is widespread. Of the 19 water resources regions, only Hawaii is
essentially unaffected. The annual cost of treatment for the prevention of erosion damages indicates that
many areas suffering damages cannot be economically treated. Stream reaches meriting treatment will,
for the most part, be widely scattered and located in substantially populated and developed areas.
Development of low-cost protection methods under the Section 32 Program will hopefully increase the
number of areas for which bank protection can be justified.
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TABLE Al: 1977 NATIONAL ASSESSMENT OF STREAMBANK EROSION

Region Totals Extent of Erosion Meriting Further Examination

Average Annual Average Annual

Length of Channels Length of Erosion Length of Erosion Damages Treatment Cost

Region Stream-Miles Bank-Miles Bank-Miles $1,000 $1,000

Alaska 568,000 58,000 0x 800 700
Arkansas-White-Red 218, 300 56,500 22,800 62,400 220,000
California 133,000 50,600 8,100 37,500 37,200
Pacific Northwest 345,400 33,600 21,200 15,700 40,700
Colorado (Upper and Lower) 295,900 24,600 3,900 3,200 7,600
Great Basin 152,700 5,000 300 300 400
Great Lakes 66,100 9,100 4,500 1,800 17,100
Hawaii 2,600 0 0 0 0
Lower Mississippi 88,400 15,500 12,700 26,000 125,000
Middle Atlantic 95,700 28,500 8,000 7,300 32,600
Missouri Basin 538,200 52,800 11,800 11,200 52,400
New England 48,200 1,900 400 1,000 2,800
Ohio 147,200 27,300 6,800 3,800 26,400
Rio Grande 101,800 54,800 7,100 7,000 121,000
Souris-Red-Rainy 67,200 1,200 100 800 800
South Atlantic Gulf 213,300 37,900 22,300 7,900 26,800
Tennessee 32,800 4,100 1,700 600 1,200
Texas Gulf 149,500 98,300 4,300 5,200 142,000
Upper Mississippi 198,200 14,800 6,100 3,900 16,700
United States Total 3,462,500 574,500 142,100 $196,400 $871,400

* Less than 50 bank-miles.
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APPENDIX B

Literature Survey and Evaluation of
Bank Protection Methods
(Work Unit 2)

Work Unit 2 has two objectives: (a) to conduct a literature survey and evaluation of bank protection
methods and (b) to evaluate existing bank stabilization projects. The first objective was accomplished
during 1975 and 1976 by collecting all known and available sources of literature pertaining to previous
causes of bank erosion and the methods of protection used, and by assessing the most effective available
methods of streambank protection. Results of this effort are given in Reference 1. This widely
distributed report includes information relevant to the mechanics of streambank erosion, preliminary
assessment of existing methods for bank stabilization, a listing of some new methods of protection,
conclusions relative to the current state of the art, recommendations of needed research and criteria, a
listing of commercial concerns that market streambank protection products, a glossary of streambank
protection terminology, and selected bibliographies on streambank protection.

In carrying out the second objective, existing streambank protection projects at 58 sites throughout
the United States have been selected for limited monitoring and evaluation. The general location of
these projects is shown in Figure B1 and information on each project is summarized in Table B1. The
evaluation of existing streambank protection from previous and additional field data will allow
determination of which protection types have experienced either good or bad performance to
supplement the final evaluation of the Section 32 Program demonstration projects being constructed
under Work Units 5, 6, 7, and 8.

Engineers in the Corps Districts and laboratories have inspected and evaluated numerous existing
bank stabilization and newly constructed Section 32 Program demonstration projects. Also, several
streambank protection works constructed by the Soil Conservation Service, the U. S. Bureau of
Reclamation, local governments, and private interests have been observed. This monitoring and
inspection program is conducted to the extent practical in accordance with Reference 2. A sample
inspection report is shown in Exhibit Bl of this appendix. Field inspections conducted during FY 77 and
FY 78 include:

a. Lower Mississippi Valley Division - Vicksburg District, November 1976. Bank conditions on
the unprotected navigable reach of the lower Yazoo River in Mississippi and the probable
cause of intermittent bank erosion were documented.?

b. North Central Division - St. Paul and Rock Island Districts, May 1977. Ten existing sites in
Minnesota, Illinois, and Iowa were inspected and detailed narratives relevant to each of these
sites were prepared.*

¢. Southwestern Division - Albuquerque District, June 1977. Detailed narratives pertinent to
two existing sites in New Mexico were prepared based on inspection of the sites and review of
project data notebooks.>

d. Missouri River Division - Mead Laboratory and Omaha District in Nebraska, June 1977.

e. Lower Mississippi Valley Division - Science and Education Administration-Federal
Research, USDA Sedimentation Laboratory, Oxford, Mississippi, August 1977, Goodwin and
Peters Creek Watershed in Mississippi.

f. Lower Mississippi Valley Division - Vicksburg District, June and October 1977 and January
1978. Numerous field demonstration and existing streambank protection sites were observed,
photographed, evaluated, and documented on the tributaries of the upper Yazoo River Basin
in Mississippi.6’

Bl
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Table Bl

of Existing Bank Stabilizati

Year
Con-
: Location ice Protection Mett struct Remarks
Projects in Lower Mississippi Valley Divi
St. Francis Lumber mat w/cribs filled 1964 Excellent Bridge abutment 1
w/stone
Caney Creek Caney Creek, AR SCS (in Vegetation, clay gravel, 1975 Excellent Test channel in 2
Memphis hydrated lime, gypsum dispersive clay
District)

Morameal, LA New Orleans Local and specified stone, 1975 Satisfactory No high-water test 3
sand-filled bags, soil- in first 2 years
cement blocks, gabions, and
cellular block on upper
bank

Fausse, LA New Orleans Trench~-fill and pipe revet- Satisfactory Bank protection L
ment, pile dikes w/stone-fill

Perot, LA New Orleans Permeable spur jetties 1970 Jetty being Pipeline crossing 5

flanked

Big Creek, LA Vicksburg Drop (weir) sheet pile 1976  Riprap Grade-control 6
structures failure structures

Homochitto Homochitto River, Vicksburg Dikes of steel pipe piling 1966 Failed Pipeline crossing i

MS (Site 1) w/moveble board panels

Homochitto River, Vicksburg Lumber mat and upper bank 1956 Failed Bridge abutment 8

MS (Site 2) stone

St. Catherine St. Catherine Vicksburg Local materials (auto bodies NA Bank caving Bank protection by 9
Creek, MS and tires, timber piles, and arrested by local residents
surface drainage)
Projects in Missouri River Division
Independence, MO Kansas City Horizontal rock toe Summer Minor Bank of 10
1977 damages only large v
channel to
erosion of
slopes

Milford Dam, KS Kansas City Heavy horizontal blankets Summer Some riprap of 1l
or rock, 4 test sections 1968 failures
with various toe
configurations

Elk Creek Clyde, KS Kansas City Three sheet piling and 197k Excellent Bed grade 12
grouted rock sills stabilization

Several small Frankfort, KS Kansas City Series of sheet piling 1963 Only minor Protection against 13

tributaries of and rock sills egradation and

the Black channel erosion

Vermillij i

Mud Creek Lawrence, KS Kansas City Three sheet piling and rock 1977 Excellent; To prevent upstream 1k
blankets upstream and down- no high migration of chan-
stream from piling, channel flows ex- degradation
widened and toe protection perienced tc
installed date

Independence, MO Kansas City Sheet piling and rock Good 15
blanket

Independence, MO Kansas City Overexcavation and clay 1974~ Good 16
blanketing of sand areas 1977
with traffic-compacted clay channel

Near Marysville, KS Kansas City Double-row fencing filled 1963~ Very Good Purpose is to pro- 1
with stone or hay bales 1969 mote deposition and

encourage growth of
vegetation
102 River Bedford, IA Kansas City Fabriform mat Bridge abutment, 18
dam abutment, bank
tect n
Near Gering, NE Omaha Double-row Very
with st
Plum Creek Omaha Good cro
Cr NE Omaha Rock toe protection, grass March Excellent 21
upper bank 1973
19 Very Good -
1969
Onawa, IA Omaha Gabion me 1969 Effective
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Table Bl (Continued)

Stream

Project Location

CE Office Protection Method

Year
Con-
struct

Present
Condition

Remarks

Deadman's Run &
Antelope Creek

Floyd River

West Fork Ditch

Missouri River

Missouri River

Lover Yellowstone
River

Illinois Waterway

St. Marys River

Bureau Creek

Iowa River

Minnesota River

Minnesota River

Connecticut River

Connecticut River

Connecticut River

Hayward Creek

Tanana River

Hocking River LPP

Ohio River
Mile 606

Ohio River
Mile 711

Ohio
Mile

River
788

White River

Monongahela River

Lincoln, NE

Sioux City, IA

Onawa, IA

Below Oahe Dam, SD

Below Garrison Dam,
ND

Lower Yellowstone
River

Banner Levee, IL
Mission Point, MI
Bureau County, IL

Louisa County, IA
Savage, MN

Mankato, MN

Hanover, NH

Thetford, VT

Turners Falls Pool,
MA

Quincy, MA

Fairbanks, AK

Hocking River LPP,
Athena, OH

Clarksville, IN

Cloverport, KY
Newburgh, IN

Levee Unit 8
Edwardsport, IN

California, PA

Projects in Missouri River Division (Continued)

Omaha Gabion baskets along base
of side slopes with grass
seeding and drop structures
Omaha Sheet piling and rock sills
(design based on extensive
model tests at the University
of Iowa by CE personnel)
Omaha Low rock sills in channel
bottom; repairs (based on
limited model studies at Mead
Hydraulic Laboratory) con-
sisted of creating positive
sheet pile crest and short
length of rock toe
Omaha Channel blocks (sand core,
erosion-resistant fencing,
locally adaptable vegetation)
Omaha Three structures ranging in
length from 781-1176 ft
placed from mile 1312.2-
1332.0
Omaha Steel jacks
Projects in North Central Division
Chicago Stone riprap
Detroit Stone riprap
Rock Island Kellner Jacks
Rock Island Timber spur jetties
St. Paul Quarry-run stone
St. Paul Stone riprap of 2 gradations
Projects in New England Division
New England Rock revetment
New England Rubber tires
New England Hydroseeding
New England Paving block (monoslab)
Projects in North Pacific Division
Alaska Tree revetment
Projects in Ohio River Division
Huntington Gravel blanket and crown
vetch interceptor drains and
grouted rock breaks
Louisville Dumped quarrystone revetment
Louisville Stone blanket
Louisville Stone blanket
Louisville Stone blanket
Pittsburgh Coarse-rock-filled tires

(Continued)

1968-
1971

1965

1969

1963~
1964

197k

1965~
1969

1976
1975
1973

1975
1966

1971

1954

1971

1977

1977

1977

1971

1976

1974
1975

19k0

1977

Excellent

Excellent

Extensive
erosion dur-
ing high
flows of
1973; no
damage
thereafter

Good

Good to
Excellent

Good

Good

Fair

Good

Fair

Poor

Good

Very Good

Good

Good

Good

Very Good

Blanket fail-
ures and
vegetation
loss

Satisfactory

Satisfactory

Satisfactory

Satisfactory

Satisfactory

Channel and bank
protection

Protection against
degradation of
channel and under-
mining riprapped
side slopes
Protection against
degradation

Channel
stabilization

Flow and erosion
control

Bank protection by
Bureau of
Reclamation

Prop wash and wave
attack

Rapid drawdown and
wave attack

Current erosion at
river junction

Current erosion

Damage from prop
wash

Comparison of
quarry-run with
well-graded riprap

Property is owned
by Dartmouth Uni-
versity. Con-
structed by New
England Power Co.

Constructed by
private individuals
Nine miles of river
bank protected by
Northeast utilities

Some failure from
overland flow in

1978

Site belongs to
Fairbanks North
Star borough

90 ft of bank
protection

25 ft x 350 ft
highway

protection

350 ft of highway
protection

30 ft of bank
protection

17.6 miles of
agricultural levees
with spur dikes

90 ft of bank pro-
tection by private
resident

26

ny
=

28

30

31

38

39

Lo



Table

Mill Creek Levee,
CA

Chico Landing to
Red Bluff, CA

Cloverdale, CA

Espanola, NM

Consequences, NM

X

Merrisach Lake, AR

Ellinwood, KS

Pittsburgh

Stone blanket on filter
cloth

4-1/2

Projects in South Pacific Division

Los Angeles

Sacramento

San Francisco

Gabions

Quarrystone

Flexible fencing

Projects in Southwestern Division

Albuquerque
Albuquerque

Galveston

Little Rock

Tulsa

Trees, Kellner jacks
Gabions

Timber fence diverters and
stone protection

Timber pile wall

Kellner Jjetty

1968

1967

1975

1962

1972

1974

50
groundwater seepage
Low-flow attack 51
Low and interme- 52
diate bar ttack
Low-flow meander 53
problem

55

=

>

57

>
Bank protection 56

current attack

BS
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See Table B1 for Project Identification
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Figure B1. Existing projects



SECTION 32 PROGRAM
STREAMBANK EROSION CONTROL EVALUATION AND DEMONSTRATION
WORK UNIT 2 - EVALUATION OF EXISTING BANK PROTECTION

FIELD INSPECTION OF BANK PROTECTION MEASURES
ON THE UPPER YAZOO RIVER

1. A field inspection was conducted by the U. S. Army Engineer
Waterways Experiment Station (WES) personnel on 1-3 June 1977 to observe
bank protection measures on the tributaries of the Upper Yazoo River.
The following were in attendance:

Jim Hines Vicksburg District
Dr. Vie Zitta Mississippi State University
Steve Maynord Waterways Experiment Station

2. A general location map is shown in Figure 1. Figures 2 and 3
are location maps of the protection methods observed on Big Sand Creek
and Figure 4 shows locations of sites inspected on Tillatoba Creek.

3. The first site observed was the Big Sand Creek near Greenwood,
Mississippi, where the Vicksburg District, Soil Conservation Service,
and others have undertaken various bank protection projects. About
52 percent of the Big Sand drainage basin is controlled by 40 Soil Con-
servation Service detention basins that were built in the early 1960's.
Drop inlet spillway structures (Photo 1) assist in regulating flow for
flood control purposes.

4. The first protection method observed on Big Sand Creek was a
system of board fencing parallel to the streambank on the outside bank
of a channel bend with concrete jacks upstream and downstream of the
fencing (Photos 2 and 3). Fencing and jacks have been used in several
locations on the Big Sand Creek and have worked well for the 10 years
they have been in place. The next area observed on the Big Sand was
where kudzu had been planted to stabilize the bank (Photo 4). The
kudzu was not doing an adequate job of stabilizing the bank and had
taken over the overbank vegetation.

5. In the upper reaches of the Big Sand Creek, an outcropping of
a clay-sand mixture forms a natural grade control structure (Photo 5).
If the Big Sand were to cut through this natural control, additional
degradation and subsequent bank erosion would most likely occur up-
stream of the outcropping.

6. At the lower end of the drainage basin near Greenwood, the
channel has been straightened and levees have been built to confine

INSPECTION REPORT 4
EXHIBIT B1 (Sheet 1 of 15)
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the flow. A series of low-head sheet pile (Photo 6) and concrete drop
structures (Photo 7) were built to control the grade and act as sediment
basins. The channel upstream and downstream of the concrete structure
is completely filled with sediment.

7. Next, riprap revetment was observed at the junction of the
Greenwood diversion canal and the Tallahatchie River (Photo 8). The
riprap was being placed on a 1V-on-2H slope on a black plastic filter
cloth. Toe protection for the revetment was being extended well out
into the riwver.

8. The inspection continued to Tillatoba Creek near Charleston,
Mississippi, where the Vicksburg District has a very active bank pro-
tection program under way. Many of the Section 32 demonstration sites
are located on Tillatoba Creek. The first area observed was a mattress
of tires connected together with steel bands around the periphery and
anchored with cables attached to guy wire anchors (Photos 9 and 10).
Willow shoots were planted in the tires and about 50 percent were
growing.

9. Another Section 32 demonstration site was observed consisting
of sand-cement bag protection (Photo 11). These bags were placed on a
steep slope (1V on 1.5H) and some evidence of toe launching was ob-
served. The next protection method observed on Tillatoba Creek was a
site under construction using a double row of wire fencing parallel to
the stream (Photos 12 and 13). The space between the double fence will
be filled with old tires. Farther upstream a double-row wire fence
will be constructed and filled with hay bales.

10. Timber pile groins that had been in place many years were
observed in a bend upstream of the highway bridge (Photo 14). These
groins had trapped debris and appeared effective in halting the erosion
of the outside bank of the bend. Riprap hard points were observed at
two locations on Tillatoba Creek (Photos 15 and 16). Kudzu was well
established between the riprap hard points at one location.

11. The last protection type observed on the trip was riprap toe
protection (Photos 17 and 18). This type of protection consists of a
large section of rock placed at the toe of the slope extending up the
bank as high as one half of the total bank height. The bank is usually
graded to a 1V-on-2H slope before rock placement and the upper bank is
vegetated after the rock is in place. The Vicksburg District has con-
structed several Section 32 demonstration sites using this scheme and
all are performing satisfactorily.

12. A total evaluation of the demonstration sites will be made

during FY 81 by the Vicksburg District after they have collected
enough data from several years flow.
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Photo 1. Soil Conservation Service flood control structure

Photo 2. Board fencing with concrete jacks upstream and downstream
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Photo 4. Kudzu on outside bank of bend
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Photo 5. Natural grade control
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Photo 6. Low-head sheet pile grade control structure
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Photo 7. Concrete grade control structure
silted in both upstream and downstream

Photo 8. Riprap placement on black plastic filter material
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Photo 9. Tire mattress

Photo 10. Tire mattress with willow shoots
planted to increase stability
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Photo 11. Sand-cement bags with toe launching
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Photo 12. Double-row wire fence (to be filled with tires)
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Photo 13. Double-row wire fence with tiebacks

Photo 14. Timber pile groins
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Photo 15. Riprap hard points with kudzu

Photo 16. Riprap hard points
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Photo 17.

Photo 18.

Riprap toe protection

Riprap toe protection
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Hydraulic Research on Effectiveness of
Bank Protection Methods
(Work Unit 3)

The general plan of hydraulic research is to use scale models to investigate and define the effects of
streamflow, wave action, fluctuating water stages, and tows on streambank erosion and protective
works for evaluation and development of existing and new methods and techniques of protecting
streambanks. To date, hydraulic research has been conducted at both the WES, Vicksburg, Mississippi,
and Mead Laboratory, Omaha, Nebraska, to evaluate various existing methods and to develop new
cost-effective and environmentally acceptable methods and techniques for preventing streambank
erosion due to flow and wave action. Selected methods and techniques that are impossible, or at best
difficult, to simulate in a hydraulic model will be evaluated, if possible, in the various field
demonstrations.

Model demonstration tests for comparative evaluation of riprap revetment, riprap hard points,
riprap toe protection, rock-filled grids, gabion grids, gabion toe protection, and various wire fencing
schemes have been conducted by WES in two model flumes (Figures C1 and C2). Also, rock windrow
revetment has been tested at Mead Laboratory (Figure C3). Results of these tests have been shared with
the Corps Divisions and Districts involved in field demonstration projects through laboratory
demonstrations and in the minutes of meetings of the Steering Committee. Results of laboratory tests of
hard points (Figure C4) are presented in Mead Laboratory Report No. 9.!

Preliminary hydraulic research has been completed to determine the effects of propeller wash onan
alluvial bed.2 The influence of water depth, tow speed, flow velocity, and direction of travel (upstream
and downstream) on the movement of bed material was demonstrated with a 1:80-scale model of a 200-
ft-long by 45-ft-wide towboat typical of those used on the Ohio River and having twin screws, main and
flanking rudders, and a 120-ft-wide by 460-ft-long barge fleet with a draft of 8 ft. The bed material used
in the qualitative model demonstration was crushed coal having a specific gravity of 1.3. Results
indicated the need for the additional hydraulic research with 1:20-scale model facilities that was initiated
during FY 78 to evaluate the effects of tows on streambank erosion and protection.

WES is conducting hydraulic research in both two-and three-dimensional wave test flumes (Figure
C5) to investigate and develop more cost-effective bank protection against wind- and boat-generated
waves. Various directions of wave attack, wave periods, wave heights, and bank slopes are being
investigated. A report on “Wave Stability Study of Cellular Concrete Blocks” was completed and
published.? Although some tests of these blocks have been conducted by others (U. S. Army Engineer
Coastal Engineering Research Center and Delft Hydraulic Laboratory), the rather significant effects of
extremely short-period waves that can exist on inland waterways were not investigated. The adequacy of
other protective measures is being investigated in the continuing wave research. Preliminary evaluation
of 1-ft by 1-ft and 4-ft by 4-ft rectangular grids, half-filled and completely filled with small stones has
been encouraging and indicates that small stone approximately one-tenth the size required for wave
breakwaters will remain stable on many bank slopes when encased in a rectangular grid.

The effectiveness of several schemes of using gabions for bank protection has been investigated,*
and the effects of fluctuating water levels and rapid drawdown on streambank stability and protection
are being investigated in a joint hydraulics and geotechnical research effort at WES.
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Figure C2. Straight and single-curved channel facility
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Figure C3. Windrow revetment study

Figure C4. Intermittent hard-point study
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Figure C5. Wave test facility (two-dimensional installation at left; three-dimensional installation at center and right)
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of Causes of Streambank Erosion
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INTRODUCTION

Studies are being conducted to better understand the erosion resistance or susceptibility of various
soils and the effects of these characteristics on streambank stability. Additional knowledge and
experience are needed to identify more accurately other causes of streambank erosion and the
mechanisms involved in the complex erosion process. Also, recent developments of erosion control
materials and soil treatments must be tested under a wide variety of soils and environmental conditions
for their potential application in bank protection projects. The specific objectives of this work unit, the
progress to date, and plans for future work are summarized in this appendix.

TASKS

The tasks of Work Unit 4 are to: (I) Conduct Research on Soil Stability, specifically the influence of
soil properties on bank stability and the development of procedures for evaluating bank stability; (1I)
Identify the Causes and Mechanisms of Streambank Erosion, specifically the influence of fluvial
geology and the techniques for monitoring the natural processes and the changes caused by man-made
obstructions; and (III) Investigate New Methods and Techniques for Bank Protection, specifically
recent developments in materials usage and soil treatments that may be applicable to bank protection or
river training structures either as part of a restoration system or as preventive measures.

To accomplish the tasks of Work Unit 4 and other related activities under the Section 32 Program,
WES established ad hoc research teams combining specialized technology in the areas of geology, soil
mechanics, soil stabilization, data-gathering systems, and materials development into a single
coordinated effort. Supportive input and related tasks with other disciplines, notably hydraulics, are
coordinated as appropriate. In addition to the research teams, well-known consultants in the academic
and private communities are engaged to effectively utilize and demonstrate the state of the art.

TASK I RESEARCH ON SOIL PROPERTIES AFFECTING BANK STABILITY

Research Plan

The objectives of this research are to (a) develop equipment and test procedures for measuring
erosion rate versus local hydraulic shear stress for samples of natural soils having sufficient cohesiveness
to allow undisturbed samples to be taken, (b) conduct laboratory tests on representative samples of
natural soils and river water furnished by CE Districts to develop generalized procedures for predicting
critical shear stress, rate of erosion, and rate of slaking of natural cohesive soils caused by current action
along streambanks, and (c) develop a procedure for evaluating streambank stability using general
erosion rate and shear strength properties determined from laboratory tests conducted on undisturbed
samples of natural soil to estimate bank recession resulting from erosion and slope failure of similar
natural soils for flows at normal water level and for rapid drawdown at selected time intervals.
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Progress to Date

Following a review of the literature and discussions with various researchers working in this field, a
duct (closed flume) laboratory erosion test apparatus has been designed. A two-year contract study for
the “Development of Quantitative Method to Predict Critical Shear Stress and Rate of Erosion of
Natural Undisturbed Cohesive Soils” is in progress. Preliminary testing has been completed on

representative samples of a number of uniform natural soils and river water.

Future Research

Future work includes (a) constructing and calibrating a duct-type, laboratory erosion test
apparatus, (b) continuing work to develop a procedure for streambank stability analysis, and
(c) conducting laboratory tests under contract to determine the influence of various parameters
on the erosion of soils. Technical guidelines for use of the apparatus and analyses procedures will
be prepared.

TASK II. INFLUENCES OF FLUVIAL GEOLOGY ON CAUSES
AND MECHANISMS OF STREAMBANK EROSION

Research Plan

The objective of this research program is to define some of the causes and mechanisms of
streambank erosion in terms of the influence of fluvial geology and to develop techniques for monitoring
sedimentological conditions in stream channels. Initially, some representative river sites nationwide
where erosion is occurring will be studied to identify factors relative to site characteristics that may cause
or affect erosion. This investigation includes historical analyses of streams exhibiting diverse geologic,
hydraulic, and hydrologic conditions. A partial list of general data elements to be collected and analyzed
includes stream depth and velocity, channel and valley geometry, meander configuration, climatic
influences, and data from material investigations. This last element includes compositional and index
properties of bed and suspended loads, channel deposits, bank materials, and sediment sources.

Selected sites will be chosen for monitoring by sidescanning sonar and acoustical subbottom
profiling techniques (Figure D1) to determine the feasibility of using such methods to monitor features
and events occurring on channel beds and subaqueous portions of channel banks. Basically, these
methods are believed capable of providing general data on the effect of sediment transport on the
streambed and may also give some indication of changes taking place along the banks.

The product of these studies will be the identification of some site-specific factors that may cause or
contribute to streambank erosion and the evaluation of erosion or accretion occurring under various
conditions. Hopefully, this work will lend itself to the development of a sound basis for prediction of
erosion problems in diverse geologic, hydraulic, and hydrologic regimes by identifying factors
contributing to erosion. The monitoring program is expected to contribute to the understanding of
relations between sediment transport accretion and erosion and to provide additional site data to the
inventory.

Progress to Date

Approximately 20 sites have been investigated and waterborne geophysical surveys have been
performed at 3 sites. Historical changes in fluvial geomorphology have been studied at selected sites

D2




using aerial photography and topography maps to interpret the causes of geomorphic changes and to
determine the mechanisms involved in bank erosion.

Future Work

The waterborne geophysical techniques will be validated at selected sites, and technical guidelines
for their use will be prepared. The historical analyses will be used to aid in the formulation of a working
hypothesis for the causes and mechanisms of streambank erosion and to develop a systematic approach
to identifying erosion-susceptible banks.

TASK IIIl. GEOTECHNICAL RESEARCH ON NEW METHODS AND
TECHNIQUES FOR BANK PROTECTION

Research Plan

The objective of Task III is to study the application of new methods and techniques in geotechnical
engineering to streambank protection. Additionally, materials and methods developed for other
applications, such as pavements and waterproofers, are to be investigated as to their applicability for
streambank protection and restoration.

Fabricated metal panels used to provide large bearing areas for concentrated loads will be
investigated for lower bank protection. Many panels of different materials and configurations have been
developed, and extensive studies of various panel joints, connectors, and anchoring devices conducted.
A vast amount of experience and technology exists with this type of material. Concepts for the use of
prefabricated membranes include average-weight and lightweight membranes as well as perforated
membranes and double-walled membranes that can be filled with soil or grout. Various applications of
existing membrane will be evaluated with attention directed to anchoring configurations, construction
techniques, and cost analysis. Streambank protection using chemical soil stabilization techniques will
proceed on two fronts: (a) lower bank protection where the chemical is admixed with the in situ bank
material, and (b) upper bank protection where liquid polymers are placed on denuded areas to protect
the bank until vegetation becomes established and provides protection.

Progress to Date

Two fabricated metal panels were simulated using aluminum plates and placed along the bank of a
curving sand channel model (Figure D2). The panels were placed with and without filter cloth and
anchoring systems while several flow regimes were investigated. Several prefabricated membranes were
tested concurrently, and their ability to sustain the various flow regimes without erosion and movement
of the underlying sand particles was noted. Other factors such as flexibility, ease of placement, and cost
effectiveness were noted. These model studies are complete. Five materials were sprayed on a local
hillside (Figure D3) for study as upper bank protectors. These materials were a polyvinyl acetate
emulsion, “balanced copolymers of materials in the plastic resin range,” a cutback asphalt, an acrylic
resin emulsion, and a material processed from oil shale. These five materials are still in place and under
observation. Automated data processing devices are collecting and recording meteorological data, soil
temperature, and soil moisture periodically.

Future Research

Bank protection will be investigated using membrane-encapsulated soil concepts. Additional soil
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stabilizing materials that appear to be potentially suitable for retarding streambank erosion will be
evaluated. The use of soil admixtures as a protection measure against sudden drawdown phenomena
will be studied. The potential usefulness of materials such as shotcrete, as well as new materials that are
continuously emerging on the market, will be examined and compared. Technical guidelines for all
practicable bank protection systems studied will be developed.
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Figure D2. Simulated general purpose and M8A1 metal panels laid on filter cloth for testing
in 1:25-scale model river bend

Figure D3. Applying spray-on chemical, soil-surface stabilizer to test section

D6



APPENDIX E

Ohio River Demonstration Projects
(Work Unit 5)



APPENDIX E

Ohio River Demonstration Projects
(Work Unit 5)

CONTENTS
Page
Eocationsiof OhioiRiver Demonstration BEROJCOIE T 1 vc < «is visis ks ia +sie sloraiolots elalsssiolalsls sisisistureiots E2
Statusiofi@hiotRiver DemonstratioNIBEOIECtS: %ots o 2 o1t ¢ ss sls s s iotietatoisl oietulole chalalshors ha ietdera s ttalats E3
Summary Table of Pertinent Information on Demonstration Projects ..................... E4
Summary Descriptions of Funded Projects
Ohio River at Moundsville (Grave Creek), West Virginia (Mile 102.0) ................. E7
Plates E1-E3
Ohio River at Moundsville, West Virginiai(Mile 107:0)" ... cc coecucineoanissio oo e Ell
Plates E4-E6
@hio River at Powhatan'Pomt,  Ohtoi(MIler 1 TOO) s <5 . <ol siafatsloste szl s cisisis wls salTas s v El5
Plates E7-E9
Ohio River at St Marys, West Virginid (Mile 155:0) .o st ve e o o cie st sis vinecsiomes El19
Plates E10-E12
Ohio River at Ravenswood, West Virginia (Mile 220.6) ..........cceiiiiiinnnenennnn E23
Plates E13-E15
@hio River at Pottstnouth; @hioiVHIE 33948 .o s < ciis st sie Ga v e 5 vioiite ois'6 slersietbloly oo tareTalic s E27
Plates E16-E18
OhioRivertat Moscow, Ohio (M1 Ad3.5)) i vt sisisnie sis v o araiielsrsisoie ke st ota) s o6 sl E31
Plates E19-E21
Ohie Riverat Mt. Vernon, Indiana (M1l 82910)is i cnie o s wio s 's oieumis s ol o ois ials wisis sis E35
Plates E22-E24
Kanawha River at South Charleston, West Virginia (Mile 52.3) ............ccccvnn... E39
Plates E25-E27
Fhittle Miami River at MIMOTAROBRION 5 vicioreisieisit e s oviotein ois siats o6 sitkeis oo s vis'sis s st a5 qpio s s E43

Plates E28-E30

El



INDIANA

! I :
| I :
| ! /
. | R
! i 2al

39 i =
! | .!AL__T A
~ 3 i

)}}1{ 10 /-_j g WEST VIRGINIA |

i R~ nJ
‘0 VER 8 o 4 Pe
PR 7 B /
12 ﬁgn-JO“ : /
s \ Cva
{ KENTUCKY >\ 5
= ; ~
Pesld R e

FUNDED PROJECTS

MOUNDSVILLE (GRAVE CREEK)., wv (102.0 L)*
MOUNDSVILLE., wv (107.0 L)

POWHATAN POINT, OH (110.0 R)

ST. MARY'S., wv (155.0 L)

RAVENSWOOD., WV (220.6 Lg

PORTSMOUTH., OH (355.4 R

MOSCOW, OH (443.5 R)

MT. VERNON, IN (829.0 R)

SOUTH CHARLESTON (KANAWHA RIVER)., wv (52.3 L)
MILFORD (LITTLE MIAMI RIVER), OH (LEFT BANK)

HWN—-0OO0OCMWN —

S el Vo s Sl

PROPOSED PROJECTS (UNFUNDED)

4, NEW MATAMORAS. o? (142.7 R)
7. SOUTH POINT., OH (316.9 R)

8, ASHLAND-BOYD COUNTY. KY (330.9 L)
9, WHEELERSBURGH, OH (355.4 R)

#*

RIVER MILE AND BANK LOCATION (EITHER LEFT OR
RIGHT BANK LOOKING DOWNSTREAM) ARE SHOWN IN
PARENTHESES.

Figure E1. Locations of Ohio River Demonstration Projects
(Work Unit 5)

B2




APPENDIX E

Status of Ohio River Demonstration Projects
(Work Unit 5)

The Ohio River is one of the major navigable waterways in the United States. For many years bank
erosion has been a serious problem along the nearly 2000 bank-miles of this river. Today, many public
parks and roads, sewer outfalls, residential areas, railroads, and commercial properties urgently require
protection from undermining and ultimate destruction by the encroaching waters. Bank recession in the
more remote areas is resulting in the loss of large trees as well as the valuable land itself. Therefore the
purpose of the bank protection projects constructed under this work unit is to evaluate the effectiveness
of many different, potentially low-cost materials and techniques and to determine the optimum
protection for any given condition along the Ohio River.

The Ohio River and some of its tributaries provide a wide variety of conditions for testing different
bank protection materials and techniques. Wave wash from passing tows and the scouring effects of
water flowing against outer side banks in channel bends are only two of the causes of bank erosion and
failure along this river. In addition, upper sections of the bank sometimes cave and slough from the
action of groundwater seepage following local rainfall or high river stages. Another problem prevalent
on the Ohio is the gullying caused by overland flow over unprotected upper banks. These and other
causes of bank failure and instability thus provide many possible sites for the construction of a variety of
demonstration projects. For this reason, more different types of bank protection probably will be tested
on the Ohio River than on any other stream.

The Districts in the Ohio River Division have investigated numerous sites on the Ohio River and
some of its tributaries where active streambank erosion is occurring (Figure E1). Letter reports have
been prepared for most of those sites and reports on 15 of the sites have been reviewed and approved by
the Section 32 Program Steering Committee as feasible locations for demonstration projects. Funds
have been made available to the Districts for the construction of 11 demonstration projects, of which 6
have been completed to date and 4 are scheduled to be completed during the summer of 1978. A table of
pertinent data for all of the proposed, approved, or funded projects (Table El)and individual summary
descriptions for all of the constructed or funded projects are given in this appendix.

A project on the Ohio River at Henderson County, Kentucky, which had been approved and
funded, was canceled due to failure of the local interests in the Commonwealth of Kentucky to provide
an assurance agreement. The demonstration projects at Milford, Ohio, on the Little Miami River and
South Charleston, West Virginia, on the Kanawha River, though not sited on the Ohio River
mainstream, have also been included under this work unit because of their close relation to the Ohio
River system.

Some of the experimental bank stabilization materials and techniques used to date include the
following: (a) various combinations of graded furnace slag and vegetation; (b) rubber automobile tires
in a staggered stacking arrangement; (c) wooden breakwater fence with reshaping and vegetative cover;
(d) stacked arrangement of gabions filled with waste firebrick; (e) toe revetment of compacted quarry-
run rock fill with granular fill above the revetment; (f) Longard tubes (3.3-ft diam) with backfill and
vegetative cover; (g) chained concrete-filled tire wall; (h) nylon-reinforced paper bags filled with a sand-
cement mixture; (i) nylon mattresses filled with grout; (j) riprap dikes; (k) stone bedding material

(Text continued on page E6)
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secured by wire mats; (1) plantings through woven plastic filter cloth; and (m) different types of matting
and granular bedding.

All completed projects are being monitored to evaluate the materials and techniques for durability
and performance and for possible application in protecting other unstable and eroding banks. The
monitoring program includes observations and measurements of: (a) dimensional changes in the banks
and protection works, (b) plant growth, (c) channel cross-sectional changes, and (d) hydraulic and
weather conditions.

A field inspection of the projects this spring revealed that the recently planted vegetal cover at the
Moundsville, West Virginia, site was lost during the recent high water and some of the sand-cement bag
revetment at Mt. Vernon, Indiana, also sustained limited ice damage. Restoration of these projects will
be accomplished this summer and all of the completed projects will be closely monitored for at least
three years.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT MOUNDSVILLE, WEST VIRGINIA,
GRAVE CREEK SITE,
DEMONSTRATION PROJECT

Problem. The left bank of the Ohio River immediately upstream of the mouth of Grave Creek, at the
city of Moundsville, West Virginia (Plate E1), was rapidly eroding an area leased by the city as a
recreational area. The 8- to 10-ft-high bank is composed of highly erodible fine-grained soil and is
located on the outside of a sharp river bend. The site lies within the Hannibal Locks and Dam navigation
pool.

Protection. Six distinct schemes of erosion control were constructed along 1850 ft of riverbank (Plate
El). Each scheme consists of a different method of bank protection incorporating structural, vegetal, or
combined erosion-control features in various combinations. Plate E2 details the schemes of protection.
Graded steel-furnace slag was specified in lieu of stone for schemes with structural protection because it
is an economical, locally available material. Scheme 2 consists of a rubber tire wall requiring the
placement of 2200 rubber automobile tires in a staggered stacking arrangement.

Cost. The contract price for construction was $131,000. This price reflects the complexity of
constructing six different schemes with the required cutoff and transition features.

Monitoring Program. Dimensional changes, plant growth, and hydraulic conditions will be
monitored. Visual observations, automatic and manual measuring devices, and periodic photography

will be employed. Plate E3 shows photographs of the site.

Status. Construction of the project was recently completed.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
MOUNDSVILLE, WEST VIRGINIA,
DEMONSTRATION PROJECT

Problem. The left bank of the Ohio River, approximately 4 miles downstream of Moundsville, West
Virginia (Plate E4), was actively eroding. The eroding bank had undercut many large trees and was
encroaching on land used as a golf course. The property owner, a nonprofit corporation, had attempted
to protect the bank with brick and concrete rubble with limited success. The bank is composed of fine-
grained soil highly susceptible to erosion. The top of the bank varies between 8 and 15 ft above the
Hannibal Locks and Dam navigation pool with relatively flat landward topography.

Protection. Six distinct schemes of erosion control were constructed along 2130 ft of riverbank and
integrated with a 560-ft reach of previously placed rubble protection (Plate E4). Each scheme consisted
of a different method of bank protection incorporating structural, vegetal, or combined erosion-control
features in various combinations. Plate E5 details the schemes of protection. Graded steel-furnace slag
was specified in lieu of stone for schemes with structural protection because it is an economical, locally
available material.

Cost. The contract price for construction of the demonstration project was $113,000. This price reflects
the complexity of constructing six different schemes with the required cutoff and transition features.

Monitoring Program. Dimensional changes, plant growth, hydraulic conditions, and atmospheric
conditions will be monitored. Visual observation, automatic and manual measuring devices, and
periodic photography will be employed. Plate E6 shows photographs of the site.

Status. Construction of the project was completed in May 1977. Moderately high flows have occurred
several times since completion. Significant deterioration has been observed in Scheme 4 where recently
planted vegetal cover was lost during high water. Restoration of this area will be done during the
summer of 1978.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
POWHATAN POINT, OHIO,
DEMONSTRATION PROJECT

Problem. The right bank of the Ohio River immediately downstream of the mouth of Captina Creek,
at the Village of Powhatan Point, Ohio (Plate E7), is actively eroding a number of residential and small
commercial properties. The bank is variable in height and is composed of highly erodible fine-grained
soil overlain by coal waste in some areas. The site lies within the Hannibal Locks and Dam navigation
pool.

Protection. Six distinct schemes of erosion control are planned which will encompass 2120 ft of
riverbank (Plate E7). Each scheme will consist of a different method of bank protection incorporating
structural, vegetal, or combined erosion-control features in various combinations. Plate E8 details the
schemes of protection. Graded steel-furnace slag is specified in lieu of stone for schemes with structural
protection because it is an economical, locally available material. Scheme 5 will require the placement of
1800 rubber automobile tires in various arrangements as shown in Plate ES.

Cost. Construction cost of this project is anticipated to be approximately $140,000. This cost reflects
the complexity of constructing six different schemes with the required cutoff and transition features.

Monitoring Program. Dimensional changes, plant growth, and hydraulic conditions will be
monitored. Visual observation, automatic and manual measuring devices, and periodic photography

will be employed. Plate E9 shows photographs of the site.

Status. The project is designed; however, local sponsorship must be secured before construction can
begin.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
ST. MARYS, WEST VIRGINIA,
DEMONSTRATION PROJECT

Problem. The lower bank within the project area has failed as a result of drawdown-related slumping.
Cracking and vertical displacement of soil within the upper bank reach have been observed during the
last two years. These indicators of bank and slope failure are close to several residential properties, a
church, commercial building, and street. The site as shown in Plates E10 and E12 is within a back
channel area associated with the downstream end of Middle Island.

Protection. Three schemes are proposed for a 1200-ft stretch of bank as follows:

a. The downstream section consists of chained concrete-filled tire wall 3 to 5 ft above normal pool
(Plate E11, Scheme A). The length of scheme is 350 ft.

b. The adjacent scheme has a dumped, oversized quarrystone section sloped at 1V on 3H near the
normal pool. Above this is a gravel fill with 3-in. top size stone which tapers to a point of
confluence with the existing bank (Plate E11, Scheme B). Length of scheme is 500 ft.

c. The last scheme consists of 4-in. top size stone with a 1V-on-3H slope at the toe of the bank.
Stacked on this stone section are concrete blocks with filter cloth placed against the bank (Plate
Ell, Scheme C). Length of scheme is 350 ft.

Cost. Total estimated construction cost for the three schemes will be $80,000 or $67 per foot of bank
protection.

Monitoring Program. Primary observations would include baseline and special cross-section surveys,
visual inspections, aerial and terrestrial photography, and recording of stages.

Status. Plans and specifications for the project are scheduled to be completed by August 1978.
Construction will start in the summer of 1979.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
RAVENSWOOD, WEST VIRGINIA,
DEMONSTRATION PROJECT

Problem. The left bank of the Ohio River at Ravenswood was raw and sloughing large chunks of
material in an active condition of failure, and several feet of bank-line recession has been noted during
recent years. A public park area was being actively eroded and a public road had been abandoned.
Historically, the affected land has been a dumping area for various debris and has a layered soil of fine
sand and clay-silt lenses with debris horizons. The banks were steep to nearly vertical in places. An old
ferry landing in the middle of the project was in active use.

Protection. At Ravenswood, four schemes are proposed extending along the Ohio River a distance of
1390 ft upstream of Sandy Creek. Also, a 50-ft reach extends along the north bank of Sandy Creek (Plate
E13). The schemes are as follows:

a. The upstream scheme consists of a wooden breakwater fence with reshaping and vegetative
cover on the banks (Plate E14, Scheme A). Length of scheme is 407 ft.

b. The next scheme consists of a stacked arrangement of gabions filled with waste firebrick. The
gabions are near normal pool and granular fill at 1V-on-3H slopes tapers from the top of the
gabions to the recontoured banks (Plate E14, Scheme B). Length of scheme is 328 ft.

c. A toe revetment of compacted quarry-run rock fill (two layers of 10-and 8-in. top size) and with
granular fill behind the revetment is provided in this scheme. The fill and revetment are covered
by 3-in. top-size graded gravel tapered into the upper bank (Plate E14, Scheme C). Length of
scheme is 376 ft.

d. A 3.3-ft-diam Longard tube is provided near normal pool in this scheme located farthest
downstream. A backfill tapers from the tube to the regraded slope and the whole scheme has
vegetative cover (Plate E14, Scheme D). Length of scheme is 300 ft.

Cost. Total construction cost of the four schemes was $133,500 or about $96 per linear foot of bank
protection.

Monitoring Program. Primary observations include baseline and site special channel cross-section
surveys, visual inspections, aerial and terrestrial photography, and recording of stages.

Status. Construction of the major components of the protection works was completed in late summer
1977. Observations to date indicate that overland flow from the bank is causing gullying within upper
bank areas. The elevation of the breakwater fence is not high enough and wave washing at frequently
encountered pools is causing problems (Plate E15). Additionally, the protection of the Longard tube
with an acceptable epoxy coating is an outstanding work item.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
PORTSMOUTH, OHIO,
DEMONSTRATION PROJECT

Problem. The right bank of the Ohio River upstream of the U. S. Route 23 Bridge (Plate E16) was
eroding with resulting detrimental impacts on adjacent city park area developments. The bank area has
a history of erosion and various land uses including municipal and industrial waste dumping along the
length of the project. As such, the adjacent land and banks contain heterogeneous debris and layered
soils consisting of fine sand/ clayey silt lenses typical of the Ohio River Valley. More recently, the city has
randomly placed demolition debris on the banks, largely by end-dumping and with little selective
placement of the material. In this way the project area has evidenced bank deposition, erosion, and
slopes that were unstable and raw.

Protection. The project consists of about 1585 ft of bank protection by four protection schemes as
follows:

a. For the scheme farthest downstream, the existing bank was regraded to a maximum slope of 1V
on 2H with slag dumped within a trench near the normal pool and the remaining bank covered
with vegetation (Plate E17, Scheme A). The length of scheme is 304 ft.

b. The existing bank was regraded to a maximum slope of 1V on 3H with quarry-run rock
protection placed at the face of granular fill prisms stepped up the bank. Revegetation was
attempted on the remaining bank (Plate E17, Scheme B). Length of scheme is 372 ft.

c. The next scheme is a toe of bank revetment constructed of quarry-run rock placed on a soil
stabilization mat and revegetation attempted on the upper slope of the bank (Plate E17, Scheme
C). Length of scheme is 391 ft.

d. The final scheme regraded the existing bank to 1V on 3H and spread dumped rock along the
lower bank, and revegetation was effected (Plate E17, Scheme D). Length of schemeis 518 ft.

Cost. Total construction cost to date is $182,200 or $115 per foot of bank protection.

Monitoring Program. Primary observations include baseline and special channel cross-section
surveys, velocity measurements, visual inspections, terrestrial and aerial photographs, and recording of
stages.

Status. The basic construction was completed in January 1977 with remedial planting of vegetative
cover scheduled for the spring and summer of 1977. At present, the project has remedial work to be
completed in the summer of 1978 (Plate E18). The scheduling problems which precluded the planting of
vegetative cover on the slopes and drainage-related seepages existing back of bank have caused
deterioration of the protective measures. Remedial work scheduled for this summer will address these
problems.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
MOSCOW, OHIO,
DEMONSTRATION PROJECT

Problem. The project is located on the right (north) bank of the Ohio River within the Village of
Moscow, Ohio, at river mile 442.5 as shown on the location map in Plate E19. Proposed stabilization
measures would protect about 650 ft of residential frontage upstream from a 300-ft public wharf area
and about 650 ft of residential frontage downstream from the wharf. The wharf area, paved with
cobblestones during the last century, is relatively stable. The area of recession is the former site of Water
Street and is mostly within the right-of-way of Water Street. In recent years, stone retaining walls built
along the land side of this right-of-way have begun to fail due to recession of the riverbank within the
right-of-way. The amount of bank recession upstream and downstream from the wharf area appears to
be about 50 ft. Since 1970, such measures as riprap, tires, and wood fencing have been used by
landowners to stabilize the banks with some measure of success.

Protection. The proposed work would be accomplished in four areas, each using a different type of
bank protection. The plan of protection and selected cross sections are shown in Plates E19 and E20.
Beginning at the upstream limit of the project, stone riprap toe protection is to be installed up to el 458 (3
ft above normal pool) along 300 ft of shorefront. The shore area between el 458 and the top of bank
(about el 485) is to be protected by plantings through woven plastic filter cloth that will secure 4 in. of
granular bedding. The next 350 ft of shore would also be protected by a riprap toe up to el 458. The shore
area between el 458 and 485 would be protected by plantings through a mesh combining nylon and paper
and a 4-in. layer of granular bedding. About 350 ft of riverbank downstream (west) of the wharf area
would be protected by a riprap toe up to el 462. The shore area between el 462 and 485 will be protected
by selected plantings through Excelsior Erosion Control Mats and a 4-in. layer of granular bedding
material. The remaining 300 ft (to the downstream limit of the project) will also be protected by a riprap
toe to el 462. The shore area between el 462 and 485 will be protected by selected plantings in mulch over
granular bedding material.

Cost. While no bids have been received, the cost of the proposed protection is expected to average
about $150 per linear foot or about $200,000 including contingencies.

Monitoring Program. Primary observations will include annual cross-section surveys, velocity
distribution determinations, wave-height measurements, bimonthly visual inspections, and periodic
and special photography.

Status. Plans and specifications are in preparation. The Village has not secured all rights-of-way
needed for construction and still needs a permit from the State of Ohio to open an off-site borrow area.
The public notice has been issued and no public meeting was requested. Construction is planned for the
summer of 1979. A report on the effectiveness of measures employed will be prepared by the end of 1982.
Photographs of existing conditions are shown in Plate E21.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
MT. VERNON, INDIANA,
DEMONSTRATION PROJECT

Problem. The project is located on the Indiana shore, within the Mt. Vernon city limits at Ohio River
mile 829 (Plate E22). Streambank erosion has been a problem at Mt. Vernon for many years,
particularly in the vicinity of the waterworks. Local interests state that the riverbank is receding above
the present normal pool due to current against an outside curve and wave wash, and the caving and
sloughing of higher sections of the bank are noted following high-water periods. An average of 1 ft per
year at the top of bank has been lost.

Protection. The project begins at the Short Milling Company with a combination of riprap integrated
with existing willows for a 220-ft reach, part of which required no work. This is followed by a 270-ft
reach of paved wharf for which no work was required. The following reach has a riprapped toe about 260
ft long, primarily for protection of the waterworks. The portion of the bank above the toe is protected
forabout 150 ft by nylon-reinforced paper bags filled with a sand-cement mixture and for about 110 ft by
Fabriform. Fabriform consists of nylon mattresses filled with grout. The remaining 440 ft of revetment
is to protect the shoreline along the toe of a railroad embankment. About 100 ft is protected naturally by
willows and was left undisturbed. The next 100 ft of bank is protected by a riprap dike. The final 200 ft of
the project is protected by stone bedding material up to 4 in. in size, secured by wire mats. The total
length of the project is about 1250 ft, including areas requiring no work. A plan and cross section of the
project are shown in Plate E23.

Cost. The types of revetment tested were bid at $10 per square yard for riprap, $10 for stone secured by
wire mats, $30 for Fabriform, and $17 for sand-cement filled bags. The initial cost of the project was
$70,000 with about $30,000 needed later for contract modifications and remdial work.

Monitoring Program. Primary observations include annual cross-section surveys, velocity
distribution determinations, wave-height measurements, bimonthly visual inspections, and periodic
and special photography.

Status. The project was completed in the spring of 1977. Wave action during two floods and heavy
rainfall contributed to the undermining of the upstream (eastern) corner of the sand-cement filled bag
revetment. Limited ice damage also occurred. A paved gutter, catch basin, and storm sewer were
designed to control erosive storm runoff. The collapsed bags were replaced by riprap. A report on the
effectiveness of measures used will be prepared by the end of 1980. Photographs of the waterworks area
before and after placement of the sand-cement filled bag revetment and the undermined sand-cement
filled bag area are shown in Plate E24.
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CAVING BANK AT WATER WORKS

FROM UPSTREAM. BANK IS ABOUT

30 FT HIGH AND CHANNEL IS
ABOUT 1900 FT. FEBRUARY 1974

WATER WORKS BANK PROTECTED

BY NYLON-REINFORCED SAND-

CEMENT FILLED PAPER BAGS AS

VIEWED FROM UPSTREAM.
JANUARY 1977

WATER WORKS BANK DAMAGED BY
SPRING FLOODS AND HEAVY RAIN.
THIS AREA WAS REPAIRED WITH
RIPRAP AND A CATCH BASIN AND
STORM DRAIN. OCTOBER 1977

DEMONSTRATION SITE
MOUNT VERNON, INDIANA
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

KANAWHA RIVER AT
SOUTH CHARLESTON, WEST VIRGINIA,
DEMONSTRATION PROJECT

Problem. Erosion and slumping of debris and soil along the left bank for about a 4-mile reach is
affecting residential, commercial, and city properties, sewer outfalls, and local streets. The bank is about
25 ft high with an existing slope of 1V on 1.5H. Nearly vertical failure planes of 1 to 2 ft occur throughout
the slope.

Protection. The designed protection consists of four schemes for 1550 ft along the bank (Plates E25
and E27).

a. The upstream scheme consists of toe protection comprised of a mat of used tires connected with
welded chain placed on filter cloth. The chain and connectors include corrosion protection. The
slopes will be selectively graded to 1V on 2H and vegetation reestablished (Plate E26, Scheme
A). The length of the scheme is 480 ft.

b. The adjacent scheme will have soil-cement filled burlap bags stacked near the toe and
downslope below the normal pool. Above this protection is a soil-cement revetment with a
riverward slope of 1V on 2H and underlain by a filter cloth. The existing slope above the
revetment will not be regraded (Plate E26, Scheme B). Length of scheme is 300 ft.

¢. The next scheme consists of a floating tire breakwater anchored by concrete deadmen. The
existing bank slope will be revegetated (Plate E26, Scheme C). Length of scheme is 470 ft.

d. The downstream scheme will used a wedge-shaped section of 5-in. top-size rock at the toe of the
bank and will have a riverward slope of 1V on 2H to 1V on 3H. The upper bank will be
revegetated (Plate E26, Scheme D). Length of scheme is 300 ft.

Cost. Total estimated construction cost is $190,000 or $123 per linear foot of protection.

Monitoring Program. Primary observations include baseline and special channel cross-section
surveys, visual inspections, aerial and terrestrial photography, and nearby recording of stages.

Status. The project has the necessary plans and specifications complete plus the local assurances;
however, sufficient funds to complete the project are not available. Additional first construction costs
and necessary remedial work, resulting from unusual adverse weather conditions during construction at
Portsmouth and Ravenswood, plus reach of riverbank erosion studies, inspections, technical testing,
assistance, and report updates have resulted in the expenditure of funds initially allocated for
completion of South Charlston protection project.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

LITTLE MIAMI RIVER AT
MILFORD, OHIO,
DEMONSTRATION PROJECT

Problem. The Village of Milford, Ohio, is approximately 10 miles east of Cincinnati. Milford lies along
both banks of the Little Miami River about 12 miles upstream from its mouth on the Ohio and about |
mile upstream from its confluence with the East Fork of the Little Miami River as shown on the location
map in Plate E28. The critical caving bank area on the left (east) bank is composed of thick deposits of
permeable sand and gravel underlying relatively thin layers of fine sand and clay. The area of erosion is
about 800 ft long and 75 ft high. Erosion has taken an alley and a sanitary sewer line. The sanitary sewer
line has since been relocated about 50 ft away from the bank. The purpose of the project is to prevent the
bank from eroding further and endangering private property, including garages. houses. and the
relocated sewer.

Protection. The proposed work is to be accomplished in three sections. Two types of revetment,
gabions and concrete cribbing, would be placed on a riprap dike which will provide a foundation. The
riprap dike would be about 8 ft high and extend the length of the project. Its top surface would be above
ordinary high water. Beginning at the upstream limit of the project, a riprap bank 10 ft high will extend
for about 200 ft. About 500 ft of concrete cribwall, 10 ft high, would follow. As shown on the plans, the
top of cribwall is at el 510, the 5-year flood level. Following the concrete cribwall segment would be 300
ft of gabion walls extending to the downstream limit of the project. The selection of gabions and cribwall
was meant to present a rustic appearance consistent with Ohio’s scenic river designation for this portion
of the Little Miami River. Plan and cross sections are shown in Plates E28 and E29. Fill is to be placed
behind the revetment by the Village to provide a uniform slope to the top of bank.

Cost. Preliminary cost estimates indicate that the 1,000 ft of rock dike, averaging about 8 ft in height,
will cost about $100 per linear foot or about $20 per cubic yard. The 300 ft of gabions, averaging 10 ftin
height, would cost about $200 per linear foot or $100 per cubic yard. The 500 ft of concrete cribwall,
averaging 10 ft in height, would cost about $300 per linear foot or about $100 per cubic yard. Total cost
of the project has been estimated at $650,000 including engineering, monitoring, and reporting.

Monitoring Program. Primary observations will include annual cross-section surveys, velocity
distribution determinations, bimonthly visual inspections, and periodic and special photography.

Status. Plans and specifications are in preparation. All necessary rights-of-way have been obtained.
Construction is planned for the fall of 1978. A report on the effectiveness of measures employed will be
prepared by the end of 1981. Photographs of existing conditions are shown in Plate E30.
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APPENDIX F

Status of Missouri River Demonstration Projects
(Work Unit 6)

Thirty demonstration projects have been programmed for construction on the Missouri River:
twenty-one below Garrison Dam in North Dakota, one below Fort Randall Dam in Nebraska, and eight
between Gavins Point Dam, Nebraska, and Ponca, Nebraska (Figure F1). Demonstration projects at all
the sites specifically authorized by Congress to date have been programmed. Six demonstration projects
on the Missouri River, one below Garrison Dam, and five below Gavins Point Dam have either been
completed or are presently under construction. Construction is scheduled to begin on six more in FY 78:
three below Garrison Dam in North Dakota, one below Fort Randall Dam in Nebraska, and two below
Gavins Point Dam in Nebraska and South Dakota. The remainder of the presently programmed
demonstration projects on the Missouri River will be constructed during FY 79, FY 80, and FY 81. A
table of pertinent information, including funding status, on each project (Table F1) and detailed
descriptions of several funded projects are included in this appendix.

The objective of the Missouri River demonstration projects is to achieve bank protection with low-
cost techniques that are compatible with the environment of the natural river. Protective works are
placed along the existing high bank lines, leaving the river channel free to meander within the vegetated
sandbar areas between high banks. All work is being coordinated with Federal and State fish and
wildlife agencies in attempts to arrive at mutually acceptable construction techniques, and techniques
employed to date are gaining acceptance from those individuals who have observed them in the field.
Specific objectional features noted by the agencies have been minimal; however, they continue to reserve
judgment until completion of the monitoring period. Techniques used to date include: (a) windrow
revetment (both buried and surface); (b) underwater tree retards spaced intermittently on eroding
banks; (c) use of low-grade material (chalk); (d) intermittent hard points; () composite revetment—
various combinations of underwater toe protection and upper bank protection. Design details aim at
making the structures as inconspicuous as possible, either by keeping them at low elevations or by
covering them with earth and vegetation.

An Environmental Impact Statement was prepared for proposed demonstration projects along the
open river reaches of the Missouri River in the States of Montana, North Dakota, South Dakota, and
Nebraska. This document was filed with the Environmental Protection Agency (EPA) on 1 June 1978.
Demonstration projects constructed prior to this date were determined to have a negligible
environmental impact, resulting in a minor effects assessment. All works constructed under the Section
32 Program are also subject to review by individuals and interested agencies under the Section 404
Permit Program.

Coordination with local, State, and Federal agencies has been an ongoing process since inception of
the program in the Missouri River Basin. Formal and informal contacts have been made with these
groups to explain the program and seek their input. The State Water Commission is the sponsoring
agency for demonstration sites in North Dakota, the adjacent Natural Resource District in Nebraska,
and local county commissions in South Dakota.

Detailed monitoring and evaluation plans are prepared for all demonstration sites. These plans
include monitoring both the physical and environmental aspects of the projects, and will continue until

completion of the program. The U. S. Fish and Wildlife Service is also evaluating the projects under the
provisions of the Fish and Wildlife Coordination Act (see Appendix I).




TABLE F1: SUMMARY OF PERTINENT INFORMATION ON DEMONSTRATION PROJECTS
Missouri River (Work Unit 6)
Stream, State~ Erosion
Mile, Local At or Near Cong CE Causative
& Side Vicinity City In County Dist Office Agents Protective Methods to be Tested
Missouri R. Hancock Stanton Mercer ND-1 Omaha Extended periods Revetment
1385.0 NE of high volume
Right flow producing
high velocities
Missouri R. Knife Pt. II Stanton Mercer ND-1 Omaha Extended periods Hard points and revetment
1379.5 NE of high volume
Right flow producing
high velocities
Missouri R. Knife Pt. I Stanton Mercer ND-1 Omaha Extended periods Hard points and revetment
137k.0 NE of high volume
Left flow producing
high. velocities
Missouri R. Sandstone Washburn McLean ND-1 Omaha Extended periods Hard points, revetment, flow-control
1368.0 Bluff I NE of high volume structure
Left flow producing
high velocities
Missouri R. Sandstone Washburn McLean ND-1 Omaha Extended periods Hard points, revetment, flow-control
1366.5 Bluff II NE of high volume structure
Left flow producing
high velocities
Missouri R. Coal Lake Washburn McLean ND-1 Omaha Extended periods Hard points
1360.0 Coulee NE of high volume
Left flow producing
high velocities
Missouri R. Lewis & Clark Washburn McLean ND-1  Omaha Extended periods Hard points, revetment
1357.5 L-H Camp NE of high volume
Left flow producing
high velocities
fissouri R. Wildwood Washburn McLean ND-1 Omaha Extended periods Hard points
1345.2 NE of high volume
Left flow producing
high velocities
Missouri R. Sanger Center Oliver ND-1 Omaha Extended periods Hard points and revetment
1345.0 NE of high volume
Right flow producing
high velocities
Missouri R. Pretty Point Center Oliver ND-1 Omaha Extended periods Hard points and revetment
1343.5 NE of high volume
Right flow producing
high velocities
Missouri R. Price I Center Oliver ND-1 Omaha Extended periods Hard points and revetment
1341.0 NE of high volume
Right flow producing
high velocities
Missouri R. Price II Center Oliver ND-1 Omaha Extended periods Hard points
1338.5 NE of high volume
Right flow producing
high velocities
Missouri R. Wogansport Bismarck Burleigh ND-1 Omaha Extended periods Hard points
1335.7 NE of high volume
Left flow producing
high velocities
Missouri R. Horseshoe Center Oliver ND-1 Omaha Extended periods Hard points and revetment
1334.5 Butte NE of high volume
Right flow producing
high velocities
Missouri R. Indian Mound Bismarck Burleigh ND-1 Omaha Extended periods Flow-control structure
1326.5 NE of high volume
Left flow producing
high velocities
Missouri R. Eagle Park Bismarck Burleigh ND-1 Omaha Extended periods Hard point, tree retards, composite and
1323.0 NE of high volume window revetment
Left flow producing
high velocities
Missouri R. Burnt Creek Bismarck Burleigh ND-1 Omaha Extended periods Hard points
1320.5 NE of high volume
Left flow producing
high velocities
Missouri R. I-94 Hwy Mandan Morton ND-1 Omaha Extended periods Revetment
1316.5 NE of high volume
Right flow producing
high velocities
Missouri R. Pioneer Park Bismarck Burleigh ND-1 Omaha Extended periods Flow-control structure
1316.5 NE of high volume
Left flow producing
high velocities
Missouri R. Ft. Lincoln Mandan Morton ND-1 Omaha Extend periods Revetment
1311.0 NE of high volume
Right flow producing

high velocities
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5,200 .0 89.0 None None Scheduled
7,800 294.0 0 Scheduled

430.( 0 None
7,0 8.0 28.0 None None Scheduled T
5,600 271.0 329.0 5.0 Scheduled FY

Scheduled

0

None Scheduled

2

384.0 120.0 None None Scheduled FY 8

<}

17,k00 169.0 None None Scheduled

.0 None None Scheduled

96.0 None None Scheduled

9,700 283.0 89.0 None None Scheduled 81
3,000 40.0 13.0 None None Scheduled FY 81
s 1 415.0 15ty
90. None 79
4‘ 8,000 626.C 196.0 None None Y )
i 3,500 None Scheduled FY 81

1eduled




i River (Work Unit 6) (Concluded

State- Erosion
Local At or Near Cong CE Causative
Vicinity City In County Dist Office Agents Protective Methods to be Tested
Missouri R. Custer Flats Mandan Morton ND-1 Omaha Extended periods Revetment
1310.0 NE of high volume
Right flow producing
high velocities
Missouri R Sunshine Butte Boyd NE-1 Omaha Extended periods Revetment
868.5 Bottom NE of high volume
Right flow producing
high velocities
Missouri R. Goat Island Yankton SD-1 Omaha Extended periods Hard points, revetment
796.5 NE of high volume
Left flow producing
high velocities
Missouri R Clay SD-1 Omaha Extended periods Hard points, revetment
784.0 NE of high volume
Left flow producing
high velocities
Missouri R Brooky Bottom Harti Cedar NE-1 Omaha Extended periods Hard points, composite and windrow
784.0 Road NE of high volume revetment
Right flow producing
high velocities
Missouri R Mulberry Pt. ion Clay SD-1 Omaha Extended periods Flow-control structur
T77.0 NE of high volume
Left flow producing
high velocities
Mulberry Bend Dixon NE-1 Omaha Extended periods Earth-fill revetment
NE of high volume
flow producing
high velocities
Massouri R. Clay SD-1 Omaha Extended periods Hard points, vane dike
771.0 NE of high volume
Left flow producing
high velocities
Missouri R. 3 Dixon Omaha Extended periods Reinforced revetment
767.0 NE of high volume
Right flow producing
high velocities
Missouri R. Ionia Bend Dixon NE-1 Omaha Extended periods Hard points, revetment
761.0 NE of high volume
Right flow producing

high velocities
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Missouri River (Work Unit 6) (Concluded)

Funding in $1000
Est Costs
Stream, Project Engr, Allocated Expended
Mile, Length Construc- Monitor & thru as of
& Side £t tion Reporting FY 78 3/31/18 Status Remarks

Missouri R. 3,000 121.0 39.0 None None Scheduled FY 80
1310.0
Right

Missouri R. 3,000 212.0 67.0 258.0 5.0 Project to be constructed FY 78
868.5
Right

Missouri R. 10,500 757.0 238.0 920.0 5.0 Scheduled FY 78

s

Missouri R. 16,800 216.0 63.0 263.0 25.0 Construction to be complete FY 78
784.0

£t

Missouri R. 16,800 288.0 91.0 350.0 346.0 Construction complete
784.0
Right
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