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EXECUTIVE OFFICE OF THE PRESI DENT
OFFICE OF MANAGEMENT AND BUDGET

WASHINGTON. D.C. 20503

April 10, 1979

Honorable Cl ifford Alexander
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

j..~.)E1iot R. CutlerAssociate Director for
Natural Resources ,
Energy and Science
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DEPARTMENT OF THE ARMY

OFFICE OF THE ASSISTANT SECRETARY

2 1979

Honorable Walter P. 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 f~bief of Engineers, Department of the Armyj on the
Streambank Erosion Control Evaluation and DemonstratioIrProgram. The
report has been prepared in response to Section 32 of the Water ~esources
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 enc losed as part of the report.

Sincerely ,

/
I ., ,

/~/ / - ‘I - 
•
.. /

Enclosure Michael Blumenfeld
Report Assistant Secretary of the Army

(Civil Works)

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — .—~~~
—-

~~~ - - - - - -
~~~~~~~~ ,. - - ~~~~ 

j



- rn~—~~~-——-.,—”.——~,—-. . -~~ — _ _ _ _ _ _ _ _ _- - - - 

~~~~~~
- -

~~~~~ 
-

DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY

WASH ING roN. D.C. 203*0

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 enc losed as part of the report.

Sincerely,

Enclosure Michael Blumenfeld
Report Assistant Secretary of the Army

(Civil Works)

________ _  ~TT
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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: 

V

Multiply By To Obtain -

acres 4046.856 square metres
cubic yards 0.7645549 cubic metres
degrees (angle) 0.U 1745329 radians —

feet 0.3048 metres
feet per second 0.3048 metres per second
inches 25.4 millimetres
miles (U. S. statute) I .609344 kilometers
square yards 0.836 1274 square metres

I
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INTERIM REPORT TO CONGRESS
30 SEPTEMBER 1978

Section 32 Program

~ Streambank Erosion Contro l Evaluation and
Demonstrat ion 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

V 
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 I 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, .4 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



— - - -- - - -V.- -.- ~~~~~ - _VV__ _ ___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~VV ~~_~~~~~~ V~~~~~~ V_ • VVV VV~~~~~~~~~ ” W~V~ ~~ V~~~~VVV ~~~~~~~~~~~~~~ ~ VV V•_ _V~~V~ ~~~~~~~~~~~~~

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 I .

IMPLEMENTAT ION 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 Hyd raulics 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

V 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.

1. Evaluation of extent of streambank erosion, nationwide.
2. Literature survey and evaluation of bank protection methods.
3. Hydraulic research on effectiveness of bank protection methods.
4. Research on soil stability and identification of causes of streambank erosion.

S. Ohio River demonstration projects.
6. Missouri River demonstration projects.
7. Yazoo River Basin demonstration projects.
8. Demonstration projects on other streams, nationwide.
9. 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 sti ~ :tures or activities.
Current funded and proposed demonstration projects are listed in Exhibit 2.

Evaluation of Extant of Streambank
Erosion, Nationwide (Work UnIt 1)

This evaluation consists of an updating of the Corps of Engineers 1969 report .4 Study of
Streanibank 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

2
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summarized below. This further confirms the need for lower cost methods to provide the desirable and,
in many cases, the urgently needed protection.

Lengt h 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 conventiona l methods) $870,000,000 per year

Uterature 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 proj ects , as well as at Section 32 Program demonstration projects. Additional details of prog ress
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 act ion , and fluctuating water stages. Model
flume demonstration tests for comparative evaluation of riprap, rock wind row revetment , ri prap hard
points, ripra p 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 93-25 1). Add itional
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 I. Appendix B.
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and mechanisms of str eambank 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 prog ress.
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 bj 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 loca 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, 0, and H, respectively.

Demonstration Project Development. The demonstration projects specified in the Section 32
Progra m legislation , subsequent amendments, and the 1978 appropriation art 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 (1) 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.

Stre ambank 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, (e) 500- to 1000-ft length for each different protection method , and

4 
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(I) 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 .* W ES is respc’~sible for ensuring
that Committee recommendations concerning project monitoring are coordinated with all concerned.
Plans for monitoring duri ng 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 streamfiow and weather conditions , (d) flow and wave

V conditions adjacent to the protection works, (e) soils and foundation characteristics, and (I) 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, co nstr uctio n , 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
co mpleted in the summer of 1978. The approved and funded project at Henderson County, Kent ucky,
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 , Oh io , on the Little Miami River and
South Charleston, West Virginia , on the Kanawha River have also been included with the Ohio River

V Demonstration Projects. A tabulation of pertinent data for all of the proposed , app roved , or funded
projects and individual summary descriptions for all of the constructed ~r 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—2 I
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 Rive r ,
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 Gav ins Poin t Dam in
Nebraska and South Dakota. The remainder of the presently programmed demonstration projects on
the Missouri River will be constructed during FY 79, FY80, 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. V

* Sec Reference 2, Appendix B.

5
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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 Fp~ineers in his report dated September 23,
1972.” Twenty demonst ration projects have been programmed for the Yazoo River Basin as listed in
Appendix G. To date, II  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 completion in FY 1981
and the protective techniques will be evaluated before the conclusion of the Section 32 Program. In
add ition to these projects, cooperative efforts with other agencies have been initiated to address special
areas of interest regarding streambank erosion in the Yazoo River dasin. 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 geographica l
and environmental conditions. The sites are selected by Districts on the basis of their potentia l 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 fut ure 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 Progra m to provide adequate bank protection before
turning the projects over to the local sponsors. -

Reports to Congr .ss (Work Unit 10)

The interim and final report on Section 32 Progra m are specified by the current legislation to be
comp leted and submitted to Congress by 30 September 1978 and 31 December 198 1, respectively. This

6 
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interi m 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 fina l 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 I) 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 198 1, 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, f or 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.

7
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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.

V 

(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 Dais, South Dakota,
and Sioux City, Iowa ;

(3) that reach of the Missou r i River in North Dakota at or below the Garrison
Dam , .a~*4. including areas on the right bank at rive r mile. 134 5; 1310; 1311; 1316.5 ; 1334.5 ;
1341; 1343.5 ; 1379.5 ; 1385; and on the lef t  bank at rive r miles 1316.5; 1320. 5; 1323;
1326.5; 1335.7;  1338.5; 1345.2; 1357.5;  1360; 1366.5; 1368; and 1374.

(4) the delta and hill areas of the Yazoo Rive r Basin generally in accordence
with the recommendations of the chief of Engineers in his report dated September 23, 1972.

• (5) the delta of the Eel RiverL California;

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

(d) Prior to construction of any project. 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 appropriaL~d for the fi,c fI3csl year-period -ending
Junc 30, 1970, not to exceed ezs,000,we ~~0.00O,0O0 to carry out subsectiono (b ), (e) ,
and (d ) of this secti,..n this action.

(f) The Secreta r y of the Ar my shall ma ke 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, speci f ied: “ work on the Fort Randall——Sioux City, Iowa
reach of the Missouri River, including the Sunshine Bottom, Coat Island and lonia Bend

V sites,” at miles 868.5 right, 796.5 left and 761.0 right, respectively (see Section 32
paragraph (c)(2)).

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

EXHIBIT 1
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EXHIBIT 2: LIST OF DEW)NSTRATION PROJECT SITES

A. Ohio River and Tributaries

* 1. ?~ undsvi11e (at Crave Creek) , WV (102.0 L) **
* 2. ?bundsville , WV (107.0 L)
* 3. Powhatan Pt. , OH (110.0 R)
4. New Mataim~ras, OH (142.1 R)

t 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. Portsmmuth, OH (355.4 R)
* 11. Moscow , OH (443.5 a)
* 12. Mt. Vernon, IN (829.0 R)

V * 13. South Charleston (Kanawha River), WV (52.3 L)
* 14. Milford (Little Miami River) , OH (Left Bank)

V 
B. Missouri River

* 1. Sandstone Bluff I, ND (1368.0 L)
* 2. Sandstone Bluff II, ND (1366.5 L)
* 3. Levis and Clark 4-H Camp, ND (1357.5 L)

• * 4. Eagle Park, ND (1323.0 L)
* 5. Sunshine Bottom, NB (868.5 a)
* 6. Goat Island, SD (796.5 L)
* 7. VermIliton Boat Club, SD (786.0 L)
* 8. Brooky Bottom Rd. , NB ( 784.0 R)
* 9. Mulberry Poin t , SD ( 777.0 L)
* 10. Molberry Bend, NB (775.0 R)
* 11. Vermfl.hon River Chute, SD (771.0 L)
* 12. Ryan Bend, NB (767.0 R)
* 13. lonia, NB (761.0 R)

V 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 81, 82, 83, and 84 are
specified in PL 94—587.)

(Sites B5, 86, and Bl3 are specified in the FY 1978
V appropriation bill.)

* Funded projects .
** River mile and bank location (either left or right bank looking

downstream) are shown in parentheses.
t Only minimal funding to cover preliminary planning and design has

V been allocated.

EXHIBIT 2 (Sheet 1 of 3)
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C. Yazoo River Basin

* 1. Batupan Bogue, FY 74
* 2. Batupan Bogus, Item 4A
* 3. Goodwin Creek, Item 8
* 4. Notophia Creek , Item 7
* 5. Hunter Creek, Item 1A
* 6. Johnson Creek, Items 9, 11, 12

7. Long and Caney Creeks, Items 10, 11, 12
* 8. Perry Creek, Item 6A
* 9. Perry Creek, Item 68

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
* 16. Tillatoba Creek, South Pork, FY 72

- ; * 17. Tillatoba Creek, South Pork, FY 73
* 18. Tillatoba Creek, South Fork, Item 5A
* 19. Tillatoba Creek South Fork, Item 58
* 20. Tillatoba Creek, South Fork, Item 50

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 FL 94—587)

* 1. Right bank at mile 27.5, MT
2. Right bank at mile 20.0, ND
3. Right bank at mile 11.5, ND

E. Eel River Delta (Sj,ecified in Pt 94—5 87)

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

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

* 1. Connecticut River at Raverhill, NH V

2. Connecticut River at Northfield, M&
t 3. Delaware River at Paulaboro, NY
t 4. Hudson River at Coxsackie, NY
* 5. Pearl River at Monticello, )~
* 6. Roanoke River at Leesville, VA
t 7. Roaring River at Wilkes County, NC
* 8. Allegheny River at Wattersonvil].e, PA

9. Cumberland River at Tennessee State University
10. Cumberland River at luka, KY

EXHIBIT2 (Sheet2 of3) 
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F. (Continued)

11. Kanawha River at St. Albans, WV
12. Wabash River at Haunts, IL
13. Wabash River at New Hari~ ny, IN

* 14. Iowa River at Wapello , IA
t 15. Lower Chi ppewa River at Eau Claire , WI
16. Bayou Sara at St. Francisville, LA
17. Kaskaskia River at Fayetteville, IL
18. St. Catherine Creek at Natchez , )~

• * 19. White River at Des Arc , AR
20. Bra zos River at Scaly, TX
21. Rio Chaina at Espanola , NM
22. Sabine River at Deweyville, TX

t 23. White River at Jacksonport, AR
V 24. Kansas River at Eudora , KS (Fall Leaf Drainage District)

25. Kansas River at Dc Soto, KS
26. Knife River at Mercer, ND
27.  Middle Loup River at Loup City, NE
28. Nemaha River a t Sterling, NE
29. Neniaha Rive r , Elk Creek Si te , NE
30. Platte River at Columbus , NE
31. Platte River at Easton — Saxton Rd., ~~
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)
t 38. Walla Walla River at Milton—Preevater , OR

EXHIBIT 2 (Sheet 3 of 3)
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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 amd 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 l969 to I 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
hese 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 STREANBANK 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 l42 ,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

V 
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 l969 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 1 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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• 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 I . This widely
distributed report includes information relevant to the mechanics of streambank erosion, preliminary
assessment of existing methods for bank stabilization , a listii )f 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 protect .on 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 BI and information on each project is summarized in Table B 1. 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 Progra m 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. Burea u of
Reclamation , local governments, and private interests have been observed. This monitoring and
inspection program is conducted to the extent practica l in accordance with Reference 2. A sample
inspection report is shown in Exhibit B! 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. 3

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 prepa red.4

c. 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 .5

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 Rive r Basin
in Mississippi.6.7
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Table Ni

5. ary of ~ ist ing  Bank StabilVi5ation Proj ects

Year
Con- Present Map

Stream Project location CE Office Protection Method st Vr uct Condition Jl aris No . 5

Projects i~ Lover Mississippi Valley Division

St. Francis Clark ’ s Corner , AR Memphis Lumber mat v/cribs filied 196’. Kacellent Br idge abutment 1
v/stone

Caney Creek Caney Creek , All SCS ( in  Vegetation , clay gravel 5 1975 Pxcellent Tent channel in 2
• Memphis hydrated lim e. grpsum dispersive clay

Distr i ct)
Red River Mer s.eai. LA Her Orle ans Local and specified stone . 1915 SatIsfactory 140 hi gh—rater test 3

sand—filled bags, soi l— in first 2 years
cement blocks , gabions . and
cellular block on upper
bank

Red River Fa una e, LA New Orleans Trench— till and pipe r evet— 197i. Satisfactory Bank protection I.
aent , pile dikes v/stone—fill

Red River Perot . LA Ns~ Orleans Permeable spur Jetties 1910 Jetty being Pipeline crossing
flanked

• Big Creek Big Creed , LA Vi cksbui-g Drop (veir) sheet pile 1976 Riprap Grade—control 6
structures failure structure,

Homochitto Homochitto River , Vickaburg Dikes Of steel pipe piling 1966 Failed Pipeline crossing 7
V 

~~ (Site 1) w/aOvsble board panels
ilomochitto Ilonochitt o River . Vicksburg l,aber Sat end upper bank 1956 Failed Bridge abutment 8

441 (Site 2) stone
St. Catherine St. Catherine Vickaburg local materials ( auto bodies NA Bank caving Bank protection by 9

Creek . 441 and tires , timber piles , and arrested by local residents
surface drainage)

Projects in Missouri River Division

Little Blue Independence, 440 Kansas Cit7 Korikontal rock toe Suemer Minor Bank protection of 10
River 1977 damages only large diversion

channel to stop
erosion of side

V slopes
Republican Milford Pea , KS Kansas City Heavy horinontal blankets S. er Bone riprap Outlet channel of 11
River or rock , I. test sections 1968 failures Miltord Dais

V with various toe
con! ig’4rations

Elk Creek Clyde . RB Kansas Cit7 Three Sheet piling and 1971. Fmcellent Bed grade 12
grout.4 rock sills stabilination

Several small Frankfort , KS Kansas City Series of sheet piling 1963 Only minor Protection against 13
tributaries of end rock sills - erosion degradation and
the Black channel erosion
Permillios River
Mud Creek Lawrence . KS Kansas City Three Sheet piling and rock 1977 Kacellent; To prevent upstream 11.

blankets upstrea. and Sawn— no high migration of chan—
strs.. from piling, channel flows cx— nd degradation

• widened and toe protection perienced to
installed date

Little Blue Independence , MO Kansas City Sheet piling and rock 1976— Good To prevent erosion 15
V River bLanket 1971 and degradation of

low flow channel

• Little Blue Independence , HO Kansas City Owerexcavation and clay 1971.— Good To protect high— 16
River blanketing of sand areas 1977 flow heron and

with tps f fic—c awpacted clay channel side slopes
Big B’ ue Near Marysville , KS Kansas City Doubie—row fencing filled 1963— Very Good Purpose is to pro— 11
River with stone or hay bales 1969 mot, deposition and

encourage growth of
- vegetation

V 102 River Bedford , IA Kansas City Fabrif ora ai~P Spring Limited Bridge abutment . 18
1971. damage d~m abutment , bank

protection
Ocring Drain Near Ocring , NE Omaha DoObie—row fencing filled 1963— Very Good 19

with stone or hey bales 1969
Plus Creek Rear Denver , CO Omaha Woven wire fencing , on st.sl Sucaner Good Waterline crossing 20

rail post • atone root , and 1970
I. perpendicular stone dikes

Bat t le  Creek Battle Creek , NE Omaha Rock toe protection , grass March Kacellent Bridge abutment 21
upper bank 197 3

• Caring Drain Ocring, NE Omaha Several low broad—crested 1963— Very Good To reduce stream 22
rock sills 1969 gradient and pro-

vide lateral ata—
bility in the
channel

- • Little Sioux Onawa , IA Omaha Gabion mats 1969 Effective Protection against 23
River degradation of

channel and under-
mining riprapped
side elopes

(C ont inued )

‘ See Figure Hi for project locations. (Sheet 1 of 3)
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Table Dl (Continued )

Year
Con— Present Map

________________ Project Location CE Office Protection Method 
~~~~~~ 

Conditi on Remarks ~~~~
Projects in Missouri River Division ( Cantinus.d)

Deaduan ’ s Run & Lincoln • NE Omaha Gabion baskets along base 1968— Ricellant Channel and bank 2’.
Antelope Creek of aide elopes with grass 1971 protection

seeding and drop atructutea
Floyd River Sioux City, IA ~~~ha Sheet piling and rock sills i965 Kacellent Protection against 25

(design based on extensive degradation of
model t ests at the Univers ity channel. and under-
of Iowa by CE personnel) miming riprapped

side slopes
Meat Fork Ditch Oases, IA Omaha low rock sills in channel 1969 Metensive Protection against 26

- • bottom; repairs (based on erosion duo — degradat ion
li*ited mod.l studies at Head tag high
I~,dra,4ic Laboratory) con— flows of
eiet.d of creatin g positive 1973, no
sheet pile crest and short ~~~ag.
length of rock to. thereafter

Missouri River Below Qehe Da , SD Omaha Cbawssi blocks ( sand core, 1963- Good Channel 2?
eroeiad—reeiat.nt fencing , 1961. stabilization
locally adaptabLe vegetation )

Missouri River Below Garrison Dam. ~~~ha Three Structures renging in l97~. Good to Flow and erosion 28
• ND lsagth from 78l—U76 ft Baceliemt control

V placed fro, ails 1312 . 2—
1332.0

Lower Yellowstone Lover Yellowstone ~~~M St.el Jacks 1965— Good Bank protection by 29
River Niw.r 1969 Barsau of

• 
• Recls tion

— • Predicts La l~~~k C trsl Divj aioa

Illinois Waterway Banner Levee, IL Chicago Stoma riprap 1976 Good Pr04. wash and wave 30
attack

St. Marys River Mission Point , 441 Detroit Stan. riprap 1975 Fair Rapid drawdown and 31
• wave attack

Lreau Creek Noreen. County, IL Rock Island Nails ., Jacks 1973 Good Current eros ion at 32
river junction

Iowa River Lcs4aa Caunty, IA Rock Isla nd Timber epur J etties 1975 Fair Currant erosion 33
Minnesota River Savage , MN St. Paul ~ i.rry—rus stone 1966 Poor D age true prop 31.

wash
Minnesota River Mank&to. Ml St. Paul Stone rip~~p of 2 gradations 1971 Good C~~~ariaon of 35

qswrry—run with
well—graded riprap

Projects in Dew ~~~ lsed Division

Connecticut River Hanover , IN Isv Hegiand Rock revetmunt 1951. V.ry Good Property is owned 36
by Dartmouth Uni-
versity . Con-
structed by New
Nogiand Power Co.

Connecticut River Thettord , VT Rev Roglasd Robber tir.e 1971 Vary Good Constructed by 3?
private imdiwiduala

Connecticut River Turners Yalta Pool, New Liglasd ~~drc..eding 197? Good Nine miles of river 38
Mi bank protected by

Northeast utilities
Bayward Creek Quincy, Nb law Megiand Paving block (aisnoalab) 1977 Good Some failure true 39

overland flaw in
1978

Proj ecte in North Poc5fic~Diviaion

• Banana River Fairbanks, AN Alaska Tree ravet.snt 1977 Very Good Sit. belongs to 1.0
Fairbanka North
Star borough

Pr~j ecta in Dale River Division

Mocking River IFS’ Hocking River LPP, Huntington Gravel blanket and crown 1971 Blanket fail- 90 ft of bank lii
Athena, OH vetch iSt.rc.ptor drains and ores and protection

grout.d rock breaks vegetation
los,

• Ohio River Clarkaville , IN Louisville Dueped guarryat ome revetment 1976 Satisf.ctory 25 ft 5 350 ft ‘.2
Mile 606 highway

protection
Ohio River ‘ Cloverport , KY Louisville Stone bl anket 1971. Satisfactory 350 ft of highway 1.3
Mile 711 protection
Ohio River Iawburgh , II Louisville Stone blanket 1915 Satisfactory 30 ft of bank hi.
Nil. 78~ protection
White River lays. Unit 8 Louisvi lle Stone blanket 191.0 Satiaf sctory 17.6 miles of ‘.5

Nowardaport , II agricultural levees
• with spur dikes

Henongah.la River California , PA Pttteburgh Coarse—rock—tilled tirss 1977 Satisfactory 90 ft of bank pro- 1.6
tectisn by private

V 

( Continued ) resident 
( Sheet 2 of 3)
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Table Hi (Concluded)

Year
Con— Present Nap

Stre ea Project Location CE Office Protection Method otruct Condition Remarks No.

Projec ts in Ohio River Division (Continued)

Girtys Run , t n —  Millvale , PA Pittsburgh Gravel—filled tires Prior Satisfactory 25 ft of bank pro— 1.)
but sry of 1970 tection by private
Alleghery River resident
Ohio River Wheeling . WV Pitt sburgh Stone blanket on filter 1972 Partial Pier and bank pro— ‘.8

cloth failure tection at Nunicipal
parking garage

Ohio River Tiltonaville , OH Pltt sborgh Gravel blanket (3/8 to 1968 Satisfactory 2600 ft of bank ‘.9
14.1/2 in. egg , no bedding) protection

Proj ects in South Atlantic Division

V Little Rock! ish Hope Mills , IC South Atlantic Gabions and vegetation 1976 Good , minor Bank subject to 50
Creek failure erosion due to big).—

velocity flows and
• groundwater seepage

Proj ect s in South Pacific Division

Mill Creek Mi ll Creek laws., Los Anj.l.5 Gabions 1967 Good Low—flow attack 51
CA

• Sacramento River Chico landing to Sacramento Quarrystone 1975 Good Low and inteome— 52
Red Bluff , CA diat e bank attack

Russian River Cloverdale , CA San Francisco Flezible t.ocing 1962 Good ise—f low meander 53
problem

Projects in Southwestern Division

Rio Grands River Espanola , IN Albuqusrque Trees . Keliner jacks l(’5l Good Minor repairs 51.
Cuchlllo Negro Truth or Albuquerque Gabions 1971. Good Levee protection , 55

• Creek Consequences , NM cur rent attack
• Trinity Bios? Moss Hill , TX Galveston Timber fence diverters and 196? Needs Bridge protection, 56

etone protection repairs current attack
Arkansan River Harrisach Lake , AR Little Rock Timber pile v.11 1912 Escellent Shofe protection, 51

wave attack
Arkansas River Ellinwood , IN Tulsa Keliner jetty 1971. Kecellent Dank protection 58

current attack

V (Sheet 3 of 3)
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V ______________________________

SECTION 32 PROGRAM

STREAMBAN K EROS I ON CONTRO L EVALUATION AND DEMONSTRATION
WORK UNIT 2 - EVALUATION OP EXISTING BANK PROTECTION

FIELD INSPECTION OF BAN K PROTECTION MEASURE S

ON ThE UPPER YAZOO RIVER

1. A field inspection was conducted by the U. S. Army Eng ineer
Waterways Experiment Station (WES) personnel on 1-3 June 1977 to observe
bank protection measures on the tributaries of the Upper Yazoo River.

V The following were in attendance:

Jim Hines Vicksburg District
Dr. Vic 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,

V 
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 I) 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 Bi (Sheet 1 of 15)
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the f low. 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 lV-on-2H slope on a black plastic filter
cloth. Toe protection for the revetment was being extended well out
into the river.

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

V 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 Sec tion 32 demonstration site was observed consis ting
of sand-cement bag protection (Photo 11). These bags were placed on a
steep slope (1V on l.5H) and some evidence of toe launching was ob-
served . The next protec t ion method observed on Till atoba 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 lV-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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Figure 1. General location map for Greenwood and
Charleston inspection sites
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Photo 2. Board fencing with concrete jacks upstream and downstream
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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 8. Riprap placement on black plastic filter material

V INSPECTION REPORT 4
V EXHIBIT Bi (Sheet 10 of 15)

Bib

_  _  --



-

- 
~~~V

V :— ~ 
-

~~~~~~~ - .~~~~~ - - V

~ .. 

~~~~~~~~~ 
V -

- V  -

. _ V

~~~~~~~~~

4_
,

- . - 
I’

~
—”,—

’ _
-

~~~~ -.~
V -

. __
- 

- - 
S V

V - 

‘

- __ ___ 
VV -

—b---. 
~~~~~

V 
- ~~5 V  •

5 ~~~ _ V — 
I J_~~~

Photo 9. Tire mattress
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Photo 10. Tire mattress with willow shoots
planted to increase stability
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Photo 11. Sand-cement bags wi th  toe l aunching
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Photo 13. Double-row wire fence with tiebacks
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Photo 14. Timber pile groins
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Photo 16. Riprap hard points

INSPECTION REPORT 4
EXHIBIT 81 (Sheet 14 of 15)

V 
B20

V 
- ‘—- V- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r I T V  
~~~~~~~~~~~~~~~~~ V~~~~~~~~~~~~~~ VV V V ~~~~~~’. 

V VV~~~~~~~~ -V~~~~V~~~~~~~~~~~~~~~~ V V 
~~~V V  VV~~~~~~~~~_ VV V~~~~~~~

V ‘~ :-

V V - 

-

-

V.

V ~~~~~~~~~~ -. . .:~ -‘~~ ~~~~ 
‘-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V~~~~~~~~~~~~~~~~~~~~~~~ W

-- 
‘ 

-. 
~~~~~~~~~~~~~~~~

- 
~~~~~ 

- -

~~~~~~~~~~L~M’L “ . - 
‘
~~~~~~~~~ .~1 JVt~~~~~~~~~~ # (1~

V -, - .-
.

_ 
4 .

V 
V 

• V ~~~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 
- 

- 
- 

- 

•
~~~~~~E~~~~~~:~~~~~~~

:
~

V V •)
~
‘ 

S..,. , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
ifl~~

.
V 

V 
- :-~~ - ~54~ • - - V ,-S4 j~~~~~~~~~~~~~~~~~~~~~~~~ ~.a ,

— S V V - b~

a 
. 

~~ ‘ ‘~:~~ 
S . .

Photo 17. Riprap toe protection
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APPENDIX C

Hydrau lic 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
streamfiow, 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 , hyd raulic research has been conducted at both the WES, Vicksburg, Mississi ppi ,
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

V demonstrations.
Model demonstration tests for comparative evaluation of ri prap revetment , ripra p 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 CI and C2). Also, rock windrow

V 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

V 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 hyd raulic research has been completed to determine the effects of propeller wash on an
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

V in the qualitative model demonstration was crushed coal having a specific gravity of 1.3. Results
V 

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 strc.tmbank erosion and protection.

WES is conducting hydraulic research in both two-and three-dimensional wave test flumes (Figure
CS) to investigate and develop more cost-effective bank protection against wind- and boat-generated

V 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

V 
published.3 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

V of I-ft by I -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 effccts of fluctuating water levels and rapid drawdown on streambank stability and protection
are being inve~tigated in a joint hydraulics and geotechnical research effort at WES.
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Figure Cl. Multicur ved channel flow facility
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Figure C4. Intermittent hard-point study
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V APPENDIX D

Research on Soil Stabili ty and Identifi cation
of Causes of Streambank Erosion

(Work Unit 4)

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

V 

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

V materials and soil treatments must be tested under a wide variety of soils and environmental conditions
V V 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
V soil properties on bank stability and the development of procedures for evaluating bank stability; (II)

V !dent(fy the Causes and Mechanisms of Streambank Erosion, specifically the influence of fluvial
V 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
V 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, so il
mechanics, soil stabilization, data-gathering systems, and materials development into a single
coordinated effort. Supportive input and related tacks with other disciplines, notably hyd raulics, 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 L 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 strengt h properties determined from laboratory tests conducted on undisturbed

V 
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 rap id drawdown at selected time intervals.

Dl
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Progress to Date
Following a review of the literature and discussions with various researchers working in th is f ield , 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
Natura l Undisturbed Cohesive Soils” is in progress. Preliminary testing has been comp leted on

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

Future Rmarch
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

V 
be prepa red.

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

Research Plan V

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 dive rse geologic,
hydraulic , and hydrologic conditions. A partial list of genera l 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, chan nel deposits, bank materials , and sediment sources.

Selected sites will be chosen for monitoring by sidescanning sonar and acoustical subbottom
profiling techniques (Figure Dl) 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
V 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, hyd raulic , and hydrologic regimes by identifying factors 

V

contributing to erosion. The monitoring progra m 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. Historica l changes in f luvia l geomorphology have been studied at selected sites

D2
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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 ilL GEOTECHNICAL RESEARCH ON NEW METHODS AND
TECHNIQUES FOR BANK PROTECTION

Research Plan
V The objective of Task Ill is to stud y the application of new methods and techniques in geotechnical

V 
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
V investigated for lower bank protection. Many panels of different materials and confi gurations have been

V 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. Va rious 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 wi ll
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

V 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

V 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 niastic 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 iecording meteorological data, soil
temperature, and soil moisture periodically.

Future Resea rch
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 02. Simulated genera! purpose and MBA 1 metal panels laid on filter cloth for testing

in 1:25-scale mode! river bend
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Figure 03. Applying spray-on chemical , soil-surface stabilizer to test section
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FUNDED PROJECTS
1. MOUNDSVILLE (GRAVE CREEK?, wv (102.0 L)
2. MOUNDSVILLE . WV (107.0 L)
3. POWHATAN POINT , OH (110.0 R)
5. ST. MARY ’S. WV (155.0 L
6. RAVENSWOOD . WV çz2 o .6 L
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)

V 

14. MILFORD (LITTLE MIAM I RIVER) , OH (LEFT BANK )

PROPOSED PROJECTS~~~(1JNFUNDED )

:1 4. NEW MATAMORAS~ ~H (142.7 R)
7. SOUTH POINT . OH (316.9 R)
8. ASHLAND—BOYD COUNTY , KY (330.9 L)
9. WHEELERSBU RGH . OH ~~~~~ R)

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

Figure El. Locations of Ohio River Demonstration Projects
(Work Unit 5)
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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 t rees 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

V 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 probabl y 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 it • tributaries where active streambank erosion is occurring (Figure El ).  Letter reports have
been prepar ed for most of those sites and reports on IS of the sites have been reviewed and approved by V

the Section 32 Program Steering Committee as feasible locations for demonstration projects. Funds
have been made available to the Districts for the construction of I I  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 Litt le 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; (1) Longard tubes (3.3-ft diam) with backfill and
vegetative cover; (g) chained concre’e-filled tire wall; (h) nylon-reinforced paper bags filled with a sand-
cement mixture; (i) nylon mattresses filled with grout; (j) ripra p dikes; (k) stone bedding material V

(Text continued on page E6)
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V TABLE El. 530114*00 OF POhTSR0~ T ISFORJ4WTIOII 05 D0)~8ISfRATION PROJECTS
V Ohio River and Trihotaries (Work Unit 5)

Stresa. Stat.— Erouion
Mile. Loc al At or N.ar Cong CE Causative

V b Side VIoioity City In CO g.ty V..~~aL. offi ce Ag•flt. Protective Methods to be Tested V

Ohio 11. lluuoisvifle bfli.. ling Marshall WV— i Pitt.burgh Rank instab i lit y u. Graded Steal—furnace sing
102.0 (Crave Cre ek) PA doe to drawdown . 0. Autonoblle tire n

V Left waves . and C. Vegetation
V po..ihly river

Ohi o 11. Moundsvili. WVe.ling Macshall W V— l Pittsburgh. Bank instability a. OrsdeA—steel fornsoce slag
V 107.0 PA due to w.v.’ and 1. Vegetation to top of bank

V 
- Left Arawdown

Ohio 3. Powhatan Wheeling B.Leont 0K—o8 Pittsburgh Bank m utability a. Oraded—eteel furoance olag
110.0 Point PA do. to waves sod I. Grave l—rU led robber tires
Right drawdown c. Vegetation to top of bank

Ohio 11. Raw 35w Washington 00—10 Suntington Rank instability a. 21—in . lsyer of lh—in, top sine
V 112.? Mat.an ras Na t~~ras WV quarry—r un stone pl.oed iv on 1.50

V Right b. h—Sn. top slo e quarry—run uton e
placed at toe of s1op. with e.inor
re shapi ng and veget ative cover

V c.  Sing le line of floating tire Ireak—
waters anchored on pipe supports
placed at norsal pool

a. Protection between existing bergen at
V the toe of the slop, with tire sat

V Ohio 5. St. Marys St. Mary. Pleasants WV—i Huntington B.nk instability a. Chained conorete—filled tire Wall
155.0 WV b. Duap oversioed quarry.tooe approol—
Left sat, to noreal pool

c. h—S n. top size stone supporting
V concrete—block stacks

Ohio N. Ravenowood Rav.nsssod Jackson WV— S suntinitot Rank instability a. Wooden breakdown fence
220.6 WV b. Stacked gabiozzo filled with firebrick
Left c.  Toe revetnent of cast, rock , top aloe

of 10 and 9 in.
4. 3.3—ft Longnrd tube

V Ohio N. South South Lawrence 03—10 Nuntisgton Bask instability a. Two r000 of barrelo filled with soil—
V 

V 316.9 Point Point WV ceoeot with rubble between
Right h. 18—in, top sin. quarry—run stone nenr

V nornal pool
c. Conpaoted rubble—toe revetment

V V 4. Rubble pad with stocked rubble—filled
gabiono

Ohio 3. As hland— Worthington Greenup Ci—? Runtingtoii Rank inStability a. 10—ft Oohi~at on futer cloth with vegeta-
330.9 koyd Co. WV tive cover on a reshaped lV—on—2H olope
Left Airport 0. 10—ft Pabrifoca with vegetativ, cover

V on a reshaped lV—o n—2R slope
c. 10— ft PVC—coated gabion with vegeta— V

V live cover on a reshaped 1V—on-20 V
slop.

V ~• 4 keyed section of d.aped nOon. will
V V be placed near toe with veg etative V

cover on a reshaped slope or lv on 23

Ohio II. Wheelersburg Wh.elershnrg Scioto oii—6 Huntington 8.00 instability a. Av.oo Bin—Wall installed at toe of
V 316.2 WV the bank with reshaped slopes and 

V

RIght vegetatSee cover on reeaSnScg bank
0. Massive buttress of ston, and d oli—

tins rubbl, with backilope reshaped
to lv on 314 or lV on 3.511 with vega— V
tativ. cover provided

c. PVC—c oated gabion cousterfort retain—
V 

ing stru cture with reshaping of upper V

slope stellar to b. above

Ohio N. Port~~~uth Ports.suth Scioto 011—6 Sustisgtun Rank in.tabi lity a. Dueped slag at toe with vegetative
355.1 WV slop. protection
Right 0. Quarry—run rook faces with ~~~~~ V

fill stepped up tO. bank with ,agets—
tie. slop, protection

V c. Quarry—run rook .evet.ent at toe with
vSget*ti.e slope protection

d. Blanket of 4nap.4 rock along lower
hank with vegetative s1op. protection

Ohio 5. Mescow Cincinnati Cl.raont oH—6 Louisville 8.00 instability a. Riprap toe
11.3.5 CV due to drawdown 0. Scavel
Right sod w.v.. c .  vegetati on to top of bank V

Ohio N. Hsnde reo, I/A Render.on ICY—i Louisvili. Wave action a. Sand—csaent filled bag 
V

820.0 Sloughs KY caused by pro— b. Stone bedding aatsrial secured by wired
V Left Wildlif e Ngt . veiling westerly ants

Area winds . .rodibl. c. Riprap toe with b.nk vegetation
iay.r.d clap soil
and the lack or
adequate
vegetation

Ohio N. Mt. Vernon Evansville Posey 01—8 Louis vil le Bank instability a. Riprap
829.0 ICY due to drawdown b. Sand—cw.est aictur. bags
Bight and Wavsl e. Fabrifore
Kgce.l~a H. South Booth Vanawla WV—3 Huntington (1) Rank a. Chais—conneot.d used—tire ant at toe
52. 3 Charleston Charleston WV initability b. Soil—canent filled burlap begs V

V Left (2) Toe scour stacked near toe
c. Floating tire breakw ater
4. Was te rock (top sine 6 in.) toe revetnent V

Little Milford Cincinnati Clereont 011—6 Louisville Bank instability a. Oabion n
RIseS P. KT doe to river b. Reinforced earth V

Left current c, Roch dlii.. V

~~~~~~~~ V V~~~~~~~~ V~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
V V V± V± V
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0kb River sod Teih utAri es (Work Unit 5) )~ oaclodeii

FOodin~ On $1000 
V

Sot Costs
V Sitrese0 Project loge, Allocated Espended

Nile , Length Const ruc— Monitor H thru as of u
& SIde f t tiu. Renortine Fl 78 

~~~~~~~~ — Status bnaarks Ru.

Ohio H. 1850 Il lS 1.7.0’ 21.6.5 113.0 Cosetruction coapleted 1A~V costs . l is t r lot proposes a
102.0 5—year sonitorisg progrsa for $71.11
Left

V bin 5. 2130 S.13.S 68 .o~ 266.8 185.0 Construction coapleted 8&D cos ts , District proposed s 2
~~P 107.0 5—year .onl toring progras for $13011

Left V

lOin 8. 2100 110.0 58.0’ 20?.? 38.0 P1.... and specifications under 118D costs . District proposed a
110.0 preparation 5—year snitorisg prugrsa for $71.11
sight
Ohio R. 3150 50.0 72 ,0 sons ion, Briif letter report prepared Oche.e A iz liii ft long sod wan
11.2.7 and local contacts sade built in 1971. by Huntington hu t
Right under separate authority. Dch~~~0 Sncorporatec existing protec-

tion piacod by private concerns V

Ohio 5. i200 80.0 10.0 22.0 10.0 Plans ~~d sp.cl f loat lo ns ace
155.0 srbsiul.d for August ~578 on,—
Left pletios. Construction scheduled V

fur 5~~~er of 1979

~hi~ H. l~VRC 133.5 t .- .O 210.0 182.8 Constructioo of .ajor coapo— Overland floe fry, shove ti , back 6
V

V
.~O.~ V nests cuepleted in late s~~~er is causing ghllyina . Protection

.VC Ct 1977. Outstanding wOrk itans $cho.e A is not high enough and wavy
.50 to be coapietsd this P0 zaohing at frequ entl y encountered pool

V elevations is caus ing problas .

~hio R. 1600 1ll.~ 92.5 Son, Rose Brief letter report prepared 7 V

Ito . i Sod local oontaots nan.
Right

V 
Vh ~~ ~ . i600 iid.6 92.0 Sos. Nose Brief letter report prepared 8

V sod local contacts made

Ohio 8. 1200 266.0 69.0 Some lone Brief L.ttir rebvrt prepared 9 V
31.6,2 and Local contacts sad,
Right

Ih IV V 8. 1585 182.2 73,0 332.0 251.2 Basic construction ccweleted in Scheduling probl s in completing 10
310. Jsnussy 1977 with rSoedial planting of vegetation on the
Right pleating of vegetative cover to slop es sod drainage—related seep-

V 
- be c~~~leted is su er of i9?8 5gw. esieting back of hank Race

caused deterIoratio n of the pro-
V - tectire measures.

lhio H. 1300 200.0 100.0 21.0.0 50.0 P1*.. and specitlcatione Right—of—sap not secured . also need 15
1.1.3.5 Prepared permIt for borrow area
Right

Ohio R. 1100 150.0 60.0 23.0 23.0 Canceled Project wan canceled because of lack 
V

820.0 of assurance agreaneot with the
~ert Coeaonwealth of Kentucky

Ohio 5. 1200 70.0 .5,55 110.0 115.0 Construction ooepleted .1101. estimated monitoring cost for i~829.0 5 years $1011
V Right

V~~ 
Kanawba 8. 1550 190.0 60.0 303.0 30.0 Plans , speci f ica t Ions . and local is~./V 52 as sox VsJl ces are completed; boo—
Left ever , suff i cisnt funds to cv,—

pl~ te the project are not
avSi lahle

Little 2000 500.0 100.0 650.0 61.0 Fl...t. nod specifications pre. 11
Mi~ si 5. paced , presently revisions arc
Left be ing sad.
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V secured by wire mats; (I) 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
V and performance and for possible application in protect ing 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

V weather conditions.
V 

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 V

revetment at Mt. Vernon, Indiana , also sustained limited ice damage. Restoration of these projects will

V 
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 immediatel y upstream of the mouth of Grave Creek , at the
city of Moundsv ille, West Virginia (Plate El),  was rap idl y eroding an area leased by the city as a
recreational area. The 8- to 10-ft-hig h bank is composed of h ighly erodible fine-grained soil and is

V located on the outside of a sharp river bend. The site lies within the Hannibal Locks and Dam navi gation
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 feature s 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 ru bber automobile tires in a staggered stack ing arrangement.

Cost. The contract price for construction was $13 1,000. This price reflects the complexity of
constructing six different schemes with the required cutoff and transition features.

Monitoring Program. Dimensional changes , plant growth , and hyd raulic 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 recentl y completed.

E7
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18 -in .- TH I CK GRADED STEEL FURNACE PLANT SHOOTS WITH MAT COVER FROM
SLA G BLANKET FROM EL 623.0 TO EL 621.0 EL 630.0 TO TOP OF CUT SLOPE .

RUBBER TIRE WALL FROM EL 623.0
TO EL 630.0

SCHEME 1 SCHEME 2

DR % GIK V AI. GROUII D

V 

SEEDED AND MULCHED FROM EL 627.0 TO PLANT SHOOTS WITH MAT COVER FROM
TOP OF CUT SLOPE. GRADED STEEL FURNACE EL 630.0 TO TOP OF CUT SLOPE .
SLAG WEDGE FROM EL 622.0 TO EL 621.0 12 -in . -TH I CK GRADED STEEL FURNACE

SLAG BLANKET FROM EL 623.0 TO
EL 630.0

SCHEME 3 SCHEM E 4

O R I G I N A L  GROUND

V PLANT SHOOT S WII H MAT COVER FROM EL G RADED STEEL FURNA CE SLA G WED GE
625.0 TO TOP OF CUT SLOPE. GRADED FROM EL 623.0 TO El 630.0
STEEL FURNACE SLA G WEDGE FROM EL
621 .0 TO EL 625.0

SCHEME 5 SCHEME 6

20’ 10’ 0 20’ kO’ SCHEMES 1-6
I ~~~~~~~ I I  I MOUNDSVILLE, W. VA.

GRAVE CREEK SITE
V OHIO RIVER

OR PE D— GS
PLATE E2
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

OHIO RIVER AT
MOUNDSVILLE , WEST VIRGINIA ,

DEMONSTRATION PR OJECT

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.

Protsctlon. Six distinct schemes of erosion control were constructed along 2130 ft of riverbank and
V integrated with a 560-ft reach of previously placed rubble protection (Plate E4). Each scheme consisted

V of a different method of bank protection incorporating structural, vegetal, or combined erosion-control
fe~tures 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
V the complexity of constructing six different schemes with the required cutoff and transition features.

MonItoring Program. Dimensional changes, plant growth, hyd raulic 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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~~OR I GINAL GROUND c— ORIGINAL GROUND
SURFACE SU RFACE

H
PLANT SHOOTS WITH NAT COVER FROM SEEDED AND MULCHED FROM EL 628.0 TO
El. 626.0 TO TOP OF CUT SLOPE. TOP ~N CUT SLOPE . B - i n . -THIC K GRADED

V 8-En. - THI CK GRADED STEEL FURNACE STEEL FURNACE SLA G BLANKET ATOP FILTER
V SLAG BLANKET ATOP FILTER CLOTH CLOTH FROM EL 623.0 TO EL 628.0
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V SCHEME 1 SCHEME 2

O R I G I N A L  GROUND O R I G I N A L
V ~~~~~~~~~~~~~~~~~~~~~ SURFACE ~~~~~3T~~~~~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Streambank Erosion Control Evaluation and
V 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 propert ies. The bank is variable in height and is composed of highly credible fine-grained
soil overlain by coal waste in some areas. The site lies within the Hanniba l 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 ES details the
schemes of protection. Graded steel-furnace slag is specified in lieu of stone for schemes with structural

V protection because it is an economical, locally available material. Scheme S will require the placement of
1800 rubber automobile tires in various arrangements as shown in Plate E8.

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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12- in . - THIC K GRADED STEEL FURNACE WEDGE OF GRADED STEEL FURNACE SLAG
SLAG BLANKET ATOP B-in. - THICK FROM EL 62 1 .0 TO EL 626.0 SET IN
GRADED SAND AND GRAVEL F ILTER FROM TRENCH LINED WITH 6-in. — TH ICK
EL 623.0 10 EL 628.0. GRADED SAND AND GRAVEL FILTER.

SCHEME 1 SCHEME 2

V 

24-in .— THI CK GRADED STEEL FURNACE 24-En. - THI CK GRADED STEEL FURNACE
SLAG BLANKET FROM EL 621 .010 SLAG BLANKET FROM EL 622.0 TO El

V 

EL 630.0 WITHOUT FILTER. V 621.0 WITHOUT FILTER.
V 

SCHEME 3 SCHEME 4
O R I G I N A L  GROUND SURFACE
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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 ElO and E 12 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 El 1, Scheme A). The length of scheme is 350 ft.
b. The adjacent scheme has a dumped , oversized quarrystone section sloped at IV 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 El I , Scheme B). Length of scheme is 500 ft.

c. The last scheme consists of 4-in, top size stone with a I V-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
El 1, 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 arc scheduled to be completed by August 1978.
Construction will start in the summer of 1979.

El9

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I ~~~~~~~~~~ V~~~~
_

~~~~~~
( ‘ 

-. .

IT’”’ 
~~~~~~~~~~~~~~~~~~~~}  

_ _ _ _ _ _ _ _ _ _ _

OH I 0 
. ~~ c - ~ \ \V~~ ~~~~~ /~~~~L~~ 1 ~~~r - /  \ r—~~. \ \~~ ‘~\ ~~~~~~~~~~~~~~~~~~~~ x

‘

~ 
\,~ 

‘

~ I ~L ) I ~~ ~‘.S—Y’ ~ ~~~L
k~ 

4.Jh.
.

~~. . ‘.‘. /

~~~~~~~~
.- / ~~~~ -( .‘

~ / 
/

Q~~,.. . V 
V

~~~~~~~~~~~~~~~~~~~~~~1~~~~~~~~~~~~~~

j  

~1 ~~~~~~~~~~ ~~~~~~ I
.

.
V 

~7 
~~~~~~~~~~~~~~~~~~~ 

V 
V 8OO~~~ [ V ’ 

~~ 
N 

~~~~ 
(

~
\

V__ ~
/

.
7/  ,I V %. ,  ~~ 1, . ‘ .1/ ‘ ‘ ( 

~
,o7_

• P c~i 1 ~ .1/Lie ~ ‘fr y “ \./
r L~~ A B’ ~~ ~~~~~~ 

‘• 

~

‘: L~ / 

~~~~ rt~

• ~ JI : V/ ~~
. ~

~~~~~~~~~~~ ,J/,/ A 
- 

/ ~~ ‘..~~~ arh

-
, 

~ V

L I ~ 
i... 

~, 

~~~~~~~~~~ 

7~~~~

’

~

’

~~~~~ 

Qo0

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
. 

V ~~ ~~~~ V

SCHEME WIGTN , ft 
~ l .  .~ .. . ST. MARYS, W VA.

I 500 ,‘_S .~~/”L~~
eOO-..~~~~~’ ~~. 1,000 0 1,000 2000 3,000

C 350 /Th.—.-- . ~~~~~~~~~~~~~~~~~~ V

; V  
V~ SCALE IN FEET

PLATE ElO

E20

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ V_~ — ~~~~~~_V~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ V



~~ --V~~~~~~~~V_ ~~V_VV ~~~~~~~~- V-V-V V_~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______

• EL 620-

612

EXIST I NC.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SCHEME A

EL 621

V V QUARRY-
- V STON E V

SCHEME B 
V

EL 618.

~~~ 
4 ~~~ STO

SCHEME C

10’ 5’ 0 0’ 20’
V I I I I

SCALE IN FECT

PROTECTION SCHEMES A-C
OHIO RIVER

ST. MARYS, W. VA.

PLATE E li

E21

— V ~~~~~~~~~~~~~~~ V - V ~~~~~~~~~~~~~~~~~~~~~ ~~~~

~~~~~~~~~
-

~~~
- - V

~~~~
- _ 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V VVVV_~~V V~~~V_-V_ V~ VV__ V~~VV_, ~ V~~~~V_ • VV_V~V VV 
____

V _ _

V DEMONSTRATION SITE, 4 MARCH 1977

DEMONSTRATION SITE
OHIO RIVER AT

ST. MARYS, WEST VIRGINIA

PLATE E 12

£22

- _ ~~~~~~~~~~~~~~~~~~~~~~ V V~~~~~_~~~~~~~ VVV ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~ V_ ~~~~~~ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Streambank Erosion Control Evaluation and
V 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

V 
V 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
El 3). 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 1 V-on-3H slopes tapers from the top of the
gabions to the recontoured banks (Plate El4 , 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 El4 , 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 V
vegetative cover (Plate El4, 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 V

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 El5). Additionally, the protection of the Longard tube
with an acceptable epoxy coating is an outstanding work item.

E23
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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 upstrea m of the U. S. Route 23 Bridge (Plate El6) 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

V 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 I V
on 2H with slag dumped within a trench near the normal pool and the remaining bank covered

V with vegetation (Plate Eli , Scheme A). The lengt h of scheme is 304 ft.
V b. The existing bank was regraded to a maximum slope of IV 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 El 7, 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 El 7, Scheme
C). Length of scheme is 391 ft.

d. The final scheme regraded the existing bank to IV on 3H and spread dumped rock along the
lower bank , and revegetation was effected (Plate Eli, SchemeD). Length of scheme is 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 V

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 El 8). 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

OHI O RIVER AT
MOSCOW, OHIO,

DEM ONSTRAT ION 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 V

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 upstrea m 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 E 19 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 ci 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 ci 458 and 485 would be protected by plantings throug h a mesh combinin g ny lon and paper V

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 ci 462. The shore area between ci 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 E2 I .
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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

V 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

V ft long, primarily for protection of the waterworks. The portion of the bank above the toe is protected
for about 150 ft by nylon-reinforced paper bags filled with a sand-cement mixture and for about 110 ft by

V 
- 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.

V 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

V 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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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 lY on 1 .5H. Nearly vertical failure planes of I to  2 ft occur throug hout
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 IV 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 IV 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.

c. 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 IV on 2H to IV 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 I
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 SOft away from the bank. The purpose of the project is to prevent the
bank from eroding fu rther 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
ripra p dike would be about 8 ft high and extend the length of the project . Its top surface would be above

• ord inary 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 eI 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 , averag ing about 8 ft in height ,
will cost about $100 per linear foot or about $20 per cubic yard. The 300 ft of gabions, averag ing loft in
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 linea r foot or about $100 per cubic yard . Total cost
of the project has been estimate~! 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

MIssour i River Demonstra tion Projects
(Work Unit 6)
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FY 78 Missouri River Demonstration Projects
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Sunshine Bottom Area, Boyd County, Nebraska (Mile 868.5) F36
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FUNDED PROJECTS IN NORTH DAKOTA
1 , SANDSTONE BLUFF I. ND (1368.0 L)*
2. SANDSTONE BLUFF II , ND ( 1366 .5  L)
3. LEWIS AND CLARK 4—H CAMP . ND (1357.5 L)

• 4. EAGLE PARK. ND (1323.0 L)

FUNDED PROJECTS IN NEBRASKA AND SOUTH DAKOIA
1 . SUNSHINE BOTTOM. NB (868.5 R)
2. GOAT ISLAND. SD (796.5 L) I 4 FUNDED PROJECTS AND

VERMILLION BOAT CLUB , (786.0 L) 
~~7 PROPOSED PROJECTS

5. MULBERRY POINT. SD (777.0 L.)
6. MULBERRY BEND, NB (775.0 R)
7. VERMILLION RIVER CHUTE, SD (771.0 L)

• 8, RYAN BEND. NB (767 0 R)
9. IONIA . NB (761.0 Ri

SOUTH DAKOTA

PROPOSED PROJECTS (UNFUNDED) 
.-.‘

1 . HANCOCK. ND ( 1385.0 R) 
I2. KNI FE POINT II. ND (1319.5 R)

3. KNIFE POINT I. ND (1374.0 L)
4. COAL LAKE COUl~EE , ND (1360.0 L)5, WILDWOOD. N~ (1345.2 L)
6. SANGER. ND (1345.0 R)
7. PRETTY POINT , ND (1343.5 R)
8, PRICE I, ND (1341.0 R) SUNSHINE BOTTOM,NB(868.5R)~~ 

IOWA
9, PRICE II. ND (1388.5 R)

10. WOGANSPORT. ND (1335.7 L) NEBRASKA ~~~~~~~~~~ 
-

11. HORSEHOE BUTTE. NQ (1334.5 R) I
12, INDIAN MOUND , ND (1326.5 t.) S FUNDED PROJECTS
13, BURNT CREEK, ND ( 1320.5  L)
14. 1— 94 HWY. ND (1316.5 R)
15, PIONEER PARK. ND (1316.5 ~

)
16. FT. LINCOLN . ND (1311.0 R)
17. CUSTER FLATS. ND (1310.0 R)

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

Figure Fl. Locations of Missouri River Demonstra tion Proj ec ts (Work Unit 6)
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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 (Figute F I) . 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 Fl )  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 natura l 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 retard s spaced intermittently on eroding
banks; (c) use of low-grade material (chalk); (d) intermittent hard points ; (e) composite revetment—
various combinations of underwater toe protection and uppe r 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 prepa red 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 l978.
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 progra m 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).
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TABLE 71: nIS~ABY 0, PES~Cil10T II ~ ATICU 01 D~ AgErHeTI01 PSOJECTS
• 
, 

Missouri River (Work Unit 6)

Streen. Hint.— fro.io,,
Nil. , Local At or leer C~eig CE Causative

• & lid. Vicinity City In County 
~~eL Office Ments Protective Methods to be Tested

Missouri B. Hancock Stanton NerCet ID—i ~~ Extended periods Revet.ent
1385.0 IS of high volta.
Right flow producing

high velocities
Missouri S. Knife Pt. II Stanton MerGer 10.1 ~~sha Extended periods Herd points sod revetoent
1379.5 11 of high volias
Sight flow producing

high velocities
Missouri S. Knife Pt. I Stanton Nero., ID—I ~~ahs Extended periods Hard points sod revet.eut
13711.0 IS of high volt.e
Left flow producing

high, velocities
Missouri S. Sandstone Washburn NeLesi. 10—1 ~~~in Extended periods Herd points , revetasot , fl ow—control
1368.0 Bluff I 11 of high volta. structure
Left flow producing

high velocities
Missouri B. Sandstone Waahburn NcLesii 10-2 tash. Extended periods Herd points • revetnent • flow-control
1366.5 BLuff II SE of high volta. structure
Left flow produc ing

high velocities
Missouri S. Coal Leke Washburn McLean ID—i ~~~h. Extended periods Hard points
1360.0 Cowl.. SE of high volta.
Left flow producing

high velocities
Missouri S. levis A Clark Wa.hburn Nciaeo ID—i ~~~in Extended periods Herd points • r.vetaent
1351.5 11—H C~~~ SE of high volta.
Left flow producing

high velocities
Miss~~~i S. Wildvood Washburn Mclean 50—1 ~~~ He Extended periods Herd points
131.5.2 SE of high vol.ae
Left • flow producing

high velocities
Missouri S. Hanger Center Oliver 10—i ~~~ha Extended period. Herd points sad revetsant
131.5.0 SE of high vol,ae
Sight flow producing

high velocities
Missouri ii. Pretty Point Center Oliver 10—1 ~~~ M Extended period. Herd points sod revetnent
131.3.5 SE of high yol,ae
Sight flow producing

high velgcities
Missouri S. Price I Center Olivei~ 50~i ~~~ha Extended periods Hard points end revetoent
131.1.0 SE of high vol.ae
Sight flow producing

high velocities
Missouri S.  Price II Center Oliver 50—1 ~~~ha Extended periods Herd points
1338.5 SE of high volta.
Bight flow producing

high velocities
Missouri H. Wogsasport Bis.arck Burleigh 50— 1 toni. Extended period. Herd points
1335.1 II of high voliae
Left flow prod ucing

high velocities
Missouri S. Horseshoe Center Oliver 50—1 ~~~ha Extended periods Hard points end revetsent
13311.5 Butte SE of high vol.
Sight flow producing

high velocities
Missouri B. Indian Noend Bis..rck Burleigh 50-1 ~~~M Extended p,riods Flow—control structure

• 1326.5 SE of high volt.e
Left flow producing

high velocities
Missouri S. Hegle Perk Bissarok Bur leigh 10—1 ~~~ha Extended periods Hard point , tree retard. , ciaposite end
1323.0 5! • of high volta. window revetasot
Left flo, produrieg

high velocities
Missouri S. Burnt Creek Bie.arck Burle igh 10-1 tosh. Extended periods Hard points
1320.5 SE of high ,ol~~~
Left flo, producing

high velocities
Missouri H. 0—911 Hey Msod~an Norton SD-i ~~~ba Extended periods Sevetwent
1316.5 SE of high volias
Sight flow producing

high velocities
Missouri S. Pioneer Park Bisaarck Burleigh 50-1 toelia Extended period. Plow—control structure
1316.5 SF of high volene
Lef t  flow producing

high velocities

• Missou r i 5. Ft. Lincoln Msndsn Norton ID-i ~~~1.a Extend periods Revetnent
1311.0 51 of high volta.
light flow producing

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

Funding in *1000
Let Costs

Stress, Project legr , Allocated Expended
Mile, Length Coostruc— Monitor & thru as of

& Side ft tion Reporting FT 78 3131118 Status Rensrks

Mi ssouri 5. 3.500 69.0 23.0 Ion, lone Scheduled 72 81
1385.0
Right

• ~~~~~~~~ Missouri H . 5.200 281.0 89.0 Son. lone Scheduled F! 79
1319.5
Right

Missouri 5. 7,800 2911.0 93.0 lane lone Scheduled FT 80
13711.0

• left

Mi ssouri 1. 9,500 390.0 123.0 200.0 5.0 Scheduled PT 18
1368.0
left

Missouri 5. 9.800 1130.0 135.0 202.0 lone Scheduled FT 78
1366.5
Left

Missouri S. 7.000 88.0 28.0 lone lone Scheduled FT 19
1360.0
Left

Missouri S. 5.600 211.0 85.0 329.0 5.0 Scheduled 71 78
1357.5
left

Missouri R . 7, 000 91.0 28.0 lone lone Scheduled 72 81
131.5.2
left

Missouri 5. 2 ,700 11.5.0 115.0 lone lone Scheduled 72 79
131.5.0
Bight

Missour i 5. 7.000 3811,0 120.0 lone lone Scheduled 72 80
131.3. 5
Right

Missouri B. 11,1.00 537.0 169.0 lone lone Scheduled F! 81
13111.0
Right

Missouri 5. 5.500 69.0 211.0 lone lone Scheduled 71 79
1338.5
Right

- 
- 

Missouri 5. 3,000 305.0 96.0 lone lone Scheduled Fl 81
1335.7
Left

Missouri 5. 9,700 283.0 89.0 lone lone Scheduled FT 81
13311.5
Bight

Missouri H. 3,000 1.0.0 13.0 lon, lone Scheduled Fl 81
1326.5
left

Missouri R. 11,000 367.0 109.0 111.6.0 1.15.0 ConstructiOn coeplets
1323.0
Left

Missouri 5. 7.500 90.0 28.0 lone lone Scheduled 7? 79
1320.5 -

•
Left

Missou r i 8,000 626.0 196.0 Son, lone Scheduled FT 79
1316.5
Right

Mi ssouri 3,500 100.0 32.0 lone lone Scheduled FT 81
1316.5
Left

Missouri 11,000 355.0 112.0 lone lone Scheduled Fl 79
1311.0
Right

(ihrrt 1 of 2)
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Missour i River (Work IMit 6) (Concluded )

Stress, State— Exosion
Mile , Local At or I,sr Cong CL Causative

& Side ViCinity City In County ~~~ Office Agent. Pr otective Methods to be Tested

Missour i B. Custer P1.t . i~andsn Norton ID—i ~~~ba Extended periods Revetwebt
1310.0 BE of high volta.
Sight flow producing

high velocities
Missouri B. Sunshine Butte Boyd SE—i toalia Extended periods R.v.taeot
868.5 Betto. RE of high volta.
Right flow producing

high velocities
Missouri B. Coat Island !ankton Tankton SD—i tasks Extended periods Hard point s , reretsent

- 
- 796.5 SE of high volta.

Left flow producing
high velocities

Missouri B. Ver.lllion Ver million 01.1 SD—i ~~~hs Extended period. Har d points , revetasnt
784.0 Boat Club HE of high voi.ae

• Left flow produci ng
high velocities

Miseouri B. Broody Satin. Hartingion Ceder HE-i tasks Extended periods Hard points , c~~~osSte sad vindrow
781..o Road IF of high vol ... r,vet nt
light flow producing

high velocitl-es
Missouri B. Mulberry Pt. Versaillion Clay SD—i ~~~ha Extended periods Flow-control stru cture

-j trr.o SE of high vt-l.a.
Left flow producing

high velocities
Miseouri H. Mulberry Bend Poncs Dixon f l-i toah a Extended period. lerth-f ill revetsent
775.0 SE of high volta.
Right flow producing

— :- high velociti.e
Missour i B. V.r.illion Vernillion Clay 80-1 tasks Extended period. Herd points , vane dike
371.0 River Chute BE of high voi.ae
Left flow producing

high velocities
Missour i S. I~,en Bend Fonca Dixon SE—i task. Extended periods Reinforced revetsent
167.0 SE of high vol...
Sight flow producing

high velocities
• Missouri B. Ioni& Bend Fonca Dixon fl—i ~~~he Extended periods Herd points , revetoent

761.0 1! of high volta.
Sight flow producing

high velocities
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Missouri River ( Wo1& twit 6) (Concluded)

Fendiss in $1000
Zst Coets

Stress . Project Ham. Allocated Exp.ndsd
Mile , Lsngth Construe— Monitor B thru as of

B Side ~j~~~ _ tion 5svorti~~ FL 78 3/31/78 Status Rtaarka

Miesc.uri 5. 3.000 121.0 39.0 Ion, lone Scheduled 71 80
1310.0
Bight

Missouri S. 3.000 212.0 67.0 258.0 5.0 Project to be constructed 72 78
868.5
Right

Missouri B. 10,500 157.0 238.0 920.0 5.0 Scheduled FT 78
796.5
Left

Missouri S. 16,800 216.0 63.0 263.0 25.0 Construction to be c..plete 71 78
1811.0
Left

- • Missouri R. 16,800 288.0 91.0 350.0 31.6.0 Construction c~~~lete
7811.0
Right

Missouri R. 7.500 2111.0 90.0 333.0 None Contr.ct terninsted See contract to be awarded
771.0
Left

Missouri B. 1,900 285.0 58.0 225.0 35.0 Project to be c~~~ leted Fl 78
175.0
Right

Missouri S. 15,900 367.0 l1.i.0 446.0 375.0 Proj ect to be cc.pleted Fl 78
• 711.0

Left

Missouri 5. 15,800 2111.0 62.0 260.0 5.0 Project to be constructed F! 78
767 .0
Sight

Missouri B. 6,000 1126.0 2311.0 518.0 5.0 Proj ect to be constructed 7! 78
761.0
Bight

(sheet 2 of 2)
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Streambank Erosion Contro l Evaluation and
Demonstration Act of 1974

MISSOURI RIVER AT EAGLE PARK AREA,
BURLEIGH COUNTY, NORTH DAKOTA,

DEMONSTRATION PROJECT

Problem. This left bank area is located at river mile 1323. In recent years, there has been a major change
of flow patterns through this wide, split-channel reach. Erosion evaluations indicated that over 300 acres
of mixed cropland and timber were being threatened by erosion rates as high as 10 acres per bank-line
mile per year (Plate F3). Several dwellings, private recreational improvements, and irrigation facilities
were also endangered.

Protection . Erosion control demonstrations included variation of composite revetment , windrow
revetment , hard points, and tree retards (Plates F I and F2). This report discusses composite revetment
and t ree retards which were the predominant techniques used. The other two types of protection used are
discussed in detail in the Vermillion River Chute and Brooky Bottom Road Area Demonstration
Project reports. Composite revetment has three distinct zones where stresses and thus material
require ments differ for each zone. The toe zone located below normal low water is subject to river
current erosion. This zone is seldom exposed to freeze-thaw or wet-dry action; therefore lower grade
material can be used. The splash zone is located between normal high and low water. This is the zone of
highest stress; thus it requires stronger, more durable materials. The bank zone, located above normal
high water, is continually exposed to weathering, wave wash, ice, and debris. Various treatments were
used including vegetation, clay, and gravel cover to give the bank a beachlike appearance. Each tree
retard structure consists of one or more trees 30 to 40 ft in length placed horizontally in the river ,
perpendicular to the bank, and securely anchored . The branched portion should act as a net for
collection of debris and sediment, thus causing sandbars to form between the structures. The bars , in
turn , should shield the bank from erosion.

Cost. Cost to construct 11 ,000 linear feet of bank-line protection was $367,000, or approximately $35
per bank foot. Composite revetment totaled 2,200 ft in length, protecting approximately 3,000 ft of the
11 ,000 ft of bank line, at a cost of $120,000.

Monitoring Program. The monitoring program is divided up into five major subprograms:
PHYSICAL FEATURES—channel cross sections, bank-line surveys, and velocity measurements;
MATERIAL TESTING—bank , streambed, and construction materials; PHOTOGRAPHY—aerial
obliques and controlled vertical , ground-level and videotape; BIOLOGICAL—evaluation of project
effects on riparian and aquatic habitat; REVIEW—field inspections, data analyses, and reports.

Status. Construction was largely completed by November 1977. Monitoring will continue throug h
1981. Presently, all revetment structures and hard points are operational. Tree retard function is
marginal and will be reevaluated.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

MISSOURI RIVER AT VERMILLION BOAT CLUB,
CLAY COUNTY , SOUTH DAKOTA ,

DEMONSTRATION PROJECT

Problem. This area is located along the left bank between river miles 786 and 782. The eroding lands
are 80 percent agricultural and 20 percent timber, with substantial private recreational development ,
including cabins, boat docks, and park areas. The average erosion rate is 10 acres pe bank-line mile per
year.

Protection. The demonstration consists of multiple variations of composite revetment and hard-point
erosion control structures (Plate F4). Composite revetment , described below , is the predominant
technique used at this site. Composite revetment is also discussed in the Eagle Park Area report . Hard -
point details are discussed in the Brooky Bottom Road Area report . Composite revetment features the
use of locally available , low-grade chalk for the bulk of the structure underwater toe. Thus the chalk is
seldom exposed to destructive freeze-thaw and wet-dry cycles, or to ice and debris. The second major
composite revetment feature is the use of minimum elevation for upper bank paving, which consists of a
thin gravel blanket placed on a gentle slope to give a natural beachlike appearance (Plate F5).

Cost. Total estimated construction cost is $216,000. Construction will protect approximatel y 16 ,800
linear feet of bank line, with two thirds of this bank line being protected by composite revetment.

Monitoring Program. The monitoring progra m is divided into five major subprograms: PHYSICAL
FEATURES—channel cross sections, bank-line surveys, and velocity measurements; MATERIAL
TESTING—bank , strea mbed, and construction materials; PHOTOGRAPHY—aerial oblique and
controlled vertical, ground-level and videotape; BIOLOGiCAL—evaluation of project effects on
riparian and aquatic habitat; REVIEW—field inspections, data analyses , and reports. Plate F6 shows
photographs of the site.

Status. Construction began in January 1978 and was antici pated to be completed by July 1978.
Monitoring will continue, tentatively, through 1981. A performance evaluation will be made of the
project , utilizing all field data obtained , after completion of the monitoring schedule.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

MISSOURI RIVER AT BROOKY BOTTOM ROAD AREA,
CEDAR COUNTY, NEBRASKA,
DEMONSTRATION PROJECT

Problem. The project is on the right bank between river miles 786 and 783. This river reach is straight ,
with split channel flows occupying chutes on both sides of a large island. Major flows shift periodically
from chute to chute , causing severe erosion along the banks of the more active chute. Erosion rates of 13
acres per mile per year were destroying prime cropland and timber. Extensive private developments , a
county road , power lines, and telephone lines were endangered (Plate F9).

Protection. The project included variations of hard points , composite revetment , and windrow
revetment (Plates F7 and F8). Hard points were the predominant technique and are discussed below.
Windrow and composite revetment are discussed in detail under Vermillion River Chute and Eagle Park
Area Demonstration Project reports. Each hard point consists of a stone point protruding into the river
30 to 50 ft and a massive stone root buried in the bank 30 to 50 ft to prevent flanking. Theoreticall y, the
riverbank between hard points will scallop back to some point of equilibrium and erosion will then
cease. For testing purposes, hard points were spaced at different intervals and constructed to various
sections and orientations. Small back-eddies or quiet , deepwater pools should form downstream of each
hard-point structure , which should provide excellent aquatic habitat and fishing opportunity as a
supplemental benefit to erosion control.

Cost. Construction cost to protect 16,800 linear feet of bank line amounted to $288,000. These totals
include 14 hard-point structures , which protect 8,900 ft of bank line at a cost of $46,000.

Monitoring Program. The monitoring program is divided into 5 major subprograms: PHYSICAL
FEATURES—channel cross sections, bank-line surveys, and velocity measurements; MATERIAL
TESTING—bank , streambed, and construction materials; PHOTOGRAPHY—aerial oblique and
controlled vertical, ground-level and videotape; BIOLOGICAL—evaluation of project effects on
riparian and aquatic habitat; REVIEW—fie ld inspections, data analyses, and reports.

Status. Construction was completed in August 1977. Monitoring will continue through 198 1. After
completion of the monitoring program , a performance evaluation will be made utilizing all the obtained
data. All structures presently are functioning as expected.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

MISSOURI RIVER AT MULBERRY BEND AREA,
DIXON COUNTY, NEBRASKA,
DEMONSTRATION PROJECT

Problem. This area is located along the right bank between river miles 776 and 775. Approximately
1-1/2 miles of bank line was eroding at an average rate of 17 acres per mile per year. A 1500--ft segment
of a county road and a farmstead are in imminent danger. The rapid downstrea m erosion migration of
this bend poses a long-term threat to several thousand acres of prime cropland and timber.

Protection. Three types of erosion control structures (earth-fill revetment , vane dikes, and composite
revetment) were designed for this project (Plates FlO and Fl I). Earth-fill revetment and the vane dikes
are discussed below. Composite revetment is discussed in detail under Vermillion River Chute and Eagle
Park Demonstration Project reports. Earth-fill revetment consists of sand- or earth-filled embankment
protected by a combination of erosion-resistant materials, including stone, gravel, and vegetation. Ln
addition to erosion control , this type of structure creates a river-connected, slack backwater that is ideal
for aquatic habitat. The vane dike is a low-elevation fill of stone or lower grade material that holds the
high-velocity, erosive flows away from the banks and accumulates sedimentation on the landward side.
However , the flow is allowed to course both ends and overtop the structure to create and preserve
environmenta lly desirable shallow, braided channels.

Cost. Estimated construction cost for this project is $185,000, which will protect 7900 linear feet of
bank line. Of the total, the vane dike and earth-filled revetment will shield about 4000 ft of bank line at a
cost of $100,000.

MonItorIng Program . The monitoring program Is divided Into five major subprograms: PHYSICAL
FEATURES—channel cross sections, bank-line surveys, and velocity measurements; MATE RIAL
TESTING—bank , streambed, and construction materials; PHOTOGRAPHY— aerial obli que and
controlled vertical, ground-level and videotape; BIOLOG ICAL—evaluation of project effects on
riparian and aquatic habitat; REVIEW—field inspections, data analyses, and reports. Plate Fl2 shows
photographs of the site.

Status. Construction began in September 1977. The project was scheduled for completion in June
1978. Monitoring will continue through 1981. After completion of the monitoring program , a
performance evaluation will be made utilizing all of the obtained data.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

MISSOURI RIVER AT VERMILLION RIVER CHUTE,
CLAY COUNTY , SOUTH DAKOTA,

DEMONSTRATION PROJECT

Problem. The project is on the left bank between river miles 772 and 769.5. During the lastS years, the
entire river shifted into a previously minor shallow chute , which expanded from 100 ft wide to over 600 ft
wide, with channel depths exceeding 20 ft. This flow concentration caused tremendous erosion along
both the island and mainland banks of the chute. A considerable section of a county road was destroyed,
along with several hundred acres of mixed cropland , pasture, and timberland . An extensive
residential ! recreational area was also imperiled . The erosion rate averaged 12 acres per bank-line mile
per year (Plate FlS).

Protection. The demonstration included variations of windrow revetment , composite revetment , and
hard points (Plates F13 and F 14). Windrow revetment was the predominant technique used at this site
and is discussed below. Composite revetment and hard points are discussed in detail in Eagle Park and
Brooky Bottom Area Demonstration Project reports. Windrow revetment consists of a linear mound of
stone placed immediately adjacent and parallel to the general alignment of the eroding bank. The stone
is placed on existing ground or in an excavated trench , depending upon field conditions. As the bank
erodes and undercuts the stone mound , the stone sloughs and blankets the new bank at a naturall y
established slope. Excess stone can be salvaged if the bank stabilizes prior to utilization of the entire
windrow. Otherwise, stone material can be added on an as-needed basis until a stable bank is
established , thus optimizing material quantities. Demonstration tests include variations of windrow
slopes, material gradations, materials, and material application rates.

Cost. The cost to protect 15,900 linear feet of bank line amounted to $367,000. Approximatel y
$120,000 of that cost was spent on 3,750 ft of wj ndrow revetment, which protects approximatel y 5,800 ft
of bank line.

Monitoring Program. The monitoring progra m is divided into five subprograms: PHYSICAL
FEATURES—channel cross sections, bank-line surveys, and velocity measurements; MATERIAL
TESTING—bank , streambed, and construction materials; PHOTOGRAPHY—aerial oblique and
controlled vertical , ground-level and video tape; BIOLOGICAL—evaluation of any changes in riparian
and aquatic habitat; REVIEW—including field inspections, data analyses, and reports.

Status. Construction of the project works was virtually completed by November 1977. Monitoring will
continue through 1981. After completion of the monitoring program, a performance evaluation will be
made utilizing all of the data obtained . To date, all structures are performing adequately.
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Streambank Erosion Control Evaluation and
-; Demonstration Act of 1974

MISSOURI RIVER AT RYAN BEND AREA,
DIXON COUNTY, NEBRASKA,
DEMONSTRATION PROJECT

Problem. This area , located on the right bank between river miles 769 and 767, includes 7000 ft of
eroding bank line. Threatened lands are composed of 400 acres of prime crop land and 100 acres of
timber. The erosion rate exceeds 12 acres per mile per year. Severa l farm operations are in immediate
danger of becoming unviab le economic units.

Protection. The project included variations of reinforced revetment , composite revetment . and
windrow revetment (Plates F 16 and F 17). Reinfo rced revetment , as discussed below , is the predomina nt
techn ique. Composite and windrow revetments are discussed in detail in the Eag le Par k and Vermillion
River Chute Area Demonstration Project reports. Reinforced revetment is similar to composite
revetment in the toe zone. In the splash zone and upper bank zone , however, the reinforced revet ment
rel ies on intermittent tie-backs or “reinforcing ” instead of the continuous bank treatments used in
composite revetment. The toe consists of a fill of stone or low-grade material , w ith a top elevation at
normal water surface, placed immediatel y adjacent to the existing bank line. Each tie-back extends from
this bank line landwa rd a distance of 20 ft or more, oriented perpendicular to the bank line. Each of the
tie-backs, wh ich are spaced at various intervals , consists of an excavated trench , backf illed with stone
and covered with topsoil.

Cost. Total estimated construction cost of this project is $214,000. Construction will protect 7.000
linear feet of bank line; 2,700 ft of this bank line will be protected with reinforced revetment totaling
1,300 ft. Cost for the 1 ,300 ft of reinforced revetment is $67,000.

Monitoring Program. The monitoring program is divided into five major subprograms: PH YSICAL
FEATURES—channel cross sections, bank-line surveys , and velocity measurements : MA TERIAL
TESTING—bank , st reambed , and construction materials ; PHOTOGRAPHY - aerial obli q ue and
cont rolled vertical , ground-level and videotape; BIOLOGiCAL —evaluation of project effects on
ri parian and aquatic habitat ; REVIEW -—field inspections , data anal yses. and reports . Plate F 18 shows
photographs of the site.

Status. Construction began in September 1977 and was scheduled for comp let ion i n J ul y 1978.
Monitoring will continue tentatively thro ugh 1981.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

FY 1978 MISSOURI RIVER
DEMONSTRATION PROJECTS

Six additional Missouri River Erosion Control Demonstration Projects are scheduled for construction
to begin in 1978. The erosion control plans for the projects are shown on the attached sketches and
include multiple variations and combinations of hard points, revetments, and reef stabilizer structures.
The six demonst ration project titles, locations, and estimated construction costs are listed below.

Estimated
River Construction

Project Title Location Bank Mile Cost

Sandstone Bluff Area I McLean County, ND Left 1368.0 $390,000
Sandstone Bluff Area II McLean County, ND Left 1366.5 430,000
Lewis & Clark 4-H Camp Area McLean County, ND Left 1357.5 27 1,000
Sunshine Bottom Area Boyd County, NE Right 868.0 2 12 ,000
Goat Island Area Yankton County, SD Left 796.5 757,000
lonia Bend Area Dixon County, NE Right 761.0 426,000

The planned monitoring program for the above projects consists of five major subprograms:
PHYSICAL FEATURES—channel cross sections, bank-line surveys, and velocity measurements;
MATERIAL TESTING—bank , streambed, and construction materials; PHOTOGRAPHY—ae rial
oblique and controlled vertical, ground-level and videotape; BIOLOGICAL—evaluation of project
effects on riparian and aquatic habitat ; REVIEW—field inspections, data analyses , and reports.

Construction contracts for these projects were scheduled for award in July 1978 with estimated contract
completion by the end of the year. Preconstruction site condition documentation has begun and
monitoring will continue through 1981. A performance evaluation report will then be submitted that
encompasses the total time interval for each project.
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SITE - aATESV ILLE. MS 
( MISSISSIPPI ’S AL.A

I . GOODWIN CREEK (ITEM 8)’
2, HOTOPHIA CREEK (ITEM 7)’ 

.

3. JOHNSON CREEK (ITEMS 9, fl, ~2)’ / • SITE 1 BAT E SVILLE .MISS
4. LONG AND CANEY CREEKS (ITEMS 10. 11. 12) •SITE 2 CHARLESTON. MISS

/ • SITE 3 GRENADA. MISS

S ITE 2 - CHARLESTON. MS (
1 . HUNTER CREEK (ITEM 1A)’
2. TILLATOBA AND HUNTER CREEKS (ITEM 1)’
3. TILLATOBA CREEK . NORTH FORK (ITEM 2)’
4. TILLATOBA CREEK. NORTH FORK (ITEM 3A)’ ~
5. TILLATOBA CREEK. NORTH FORK (ITEM 3C)’ )
6. TILLATOBA CREEK. SOUTH FORK (FY 72)’
7. TILLATOBA CREEK. SOUTH FORK (Ft 73)’
8. TILLATOBA CREEK. SOUTH FORK (ITEM 5A)’
9. TILLATOBA CREEK. SOUTH FORK (ITEM 5B)’ ‘

10 , TILLATOBA CREEK. SOUTH FORK (ITEM 5C)’ )
___________________  

/
SIT E 3 - GRENADA~ MS

1 , BATUPAN BOGUE (FY 74)’
2. BATUPAN BOGUE (ITEM 4A)’
3. PERRY CREEK (ITEM 6A)’ 

•••
~
_)

4 . PERRY CREEK ( ITEM 6B)’ U
5 . PERRY CREEK (ITEM 6C7)
6. PERRY CREEK ( ITEM 60) ‘I 

-

NOTE: PROJECT IDENTIFICATION NUMBERS ARE SHOWN
IN PARENTHESES.

* FUNDED PROJECTS.

Figure GI. Location of Yazoo River Basin Demonstration Projects (Work Unit 7)
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APPENDIX G

Status of Yazoo River Basin Demonstration Projects
(Work Unit 7)

The objectives of Work Unit 7 are to construct and evaluate various bank protection and
stabilization and grade-control structures for demonstration throughout the Yazoo River Basin (Figure
Cl). The streams draining into the Yazoo Bas. * have been a source of problems for many decades. Their
instability results in many costly responses, both in the hills and in the delta . Hill streams are generally
degrading, resulting in land loss, bank caving, and damage to highway bridges. The resulting
aggradation in the delta streams causes losses of navigation and flood control. This work unit is directed
toward determining the causes of stream instability and how to best work with natural controls and to
develop the least expensive construction to aid in reestablishing a drainage basin stability factor. A wide
variety of bed and bank stability measures are being tested to determine the most economical and
effective means of providing the needed protection.

To date, 11 demonstration projects have been completed and are being monitored, work is in
progress on 3 projects, and planning is in progress for at least 6 more projects. A table of pertinent
information , including funding status, on each project under the work unit (Table 01) and detailed
descriptions of the funded projects are included in this appendix. The work that has been done to date
includes the following:

a. Transverse and longitudinal dikes constructed of stone, concrete piling and steel cables, and
lumber.

b. Revetments constructed of stone, used automobile tires, sand-cement bags, and lumber.
c. Retard s constructed of timber piling and wire and filled with hay or used automobile tires.
d. Grade-control structures constructed of stone with sheet pile cutoff walls.
e. Stabilization of upper banks at various sites has been accomplished by placing stone on the

bank , sprigging willow, and using a number of commercial mulches.
In addition to the work described above , the following cooperative efforts have been initiated~
a. A joint venture with the Science and Education Administration —Federal Research, USDA

Sedimentation Laboratory at Oxford , Mississippi , to define and monitor amounts, sources,
direction , and time of travel of sediments. This will include complete analysis of the drainage
basin morphology, geology, soils, land use, vegetation , basin stratigraphy, hydrology ,
climatology, and stream hyd raulics. Particular emphasis will be in the Goodwin Creek Basin,
and the results will be used to determine the performance of selected channel stabilization
methods and to determine the influence of grade-control structures on channel stability.

b. A program to test a wide variety of vegetation controls, both on the floodplain and on the beds
and banks of the streams, has been initiated with the combined efforts of the USDA Soil
Conservation Service (SCS) agronomy teams from an Il-state area.

c. A complete inventory of SCS bank stabilization efforts for the past two decades. This will
include location , type , and purpose of stabilization; results and maintenance; and effects on
geology and soils, stream and basin hydraulics and hydrology, and land use.

d. A cooperative agreement with the U. S. Army Engineer Division, North Central, of the Corps
of Engineers to use Dr. C. T. Yang’s concept of “Unit Stream Power” to develop a more
theoretical approach to stream stabilization.

(Text continued on page 08)
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TABLE 01: ~M~ABT OF P~~TIWl1 IIFORMATIOI 01 D~~~ISThATIOR PROJECt’S
1.000 RiVer Basin (Work Unit 1)

Stream , stat .—
It.. No. • i,ocsi At or Near Cong CE Prot ective Methods

& Side Vicinity City In County Jti~L. Office Erosion Causative Agents to be Tested

Istupe.n Bogus — Grenada G.-enada ~E—l Vick.burg Loss of geologic controls • loud fence end atone dikes
p-y ~~ cbanneli~ation end and board—fence revetsent
Both sides straightening of strains ,

flood—control activities.
changes in bass end con-
trol levels • and change.
in lend use

Metupan Bogus -— Grenada Gr.nada I~~—l Vicksburg in.. of geologic controls , Tire rev.tnsnt • sand—c ent
It.. l.A channelization and sacks . longitudinal end tr ens-
Both sides straightening of streams , verse stone dikes , end peaked —

flood—control activities • stone toe dikes
changes in be3e sod con-
tool levels, end changes
in land us.

Goodvin Creek -- Batesyills Penal. RM—l Vickaburg Loss of geologic controls , Grade control
It.. 8 Ml channelination end
Across channel straightening of streams .

flood—control activities.
changes in base and con-
trol levels , and change.
in lend use

liotophia Creek —— Batesyille Psnols Ml—l Vicksbu rg Loss of geologic controls , Grade control
Lt.. i MA chsnnellzatio n and
Across chann el stra ighteni ng of strea ms ,

flood—control activities ,
- changes in base and con—

trol levels, and changes
in land use

Hunter Creek -— Charleston Tallal atchie Ml—l Vicksbur g Loss of geologic controls . Stone dikes
it.. ~~ Ml channelization sod
Both sides straightening of streams .

flood—control activities.
changes in base and con—

q trol levels , and changes
in land use

Johnson Creek -— Batesville Panola Ml-l Vicksbu rg Loss of geologic controls , Vegetation , bank and bed
Iteas 9. 11. Ml channelization end stabilization (grade—control
12 straightening of streams • structures)
Both sides flood—control activities,

changes in base and con-
trol levels , and changes
in land use

Long and Caney -- BotesYille Panola Ml—l Vickabur g loss of geologic controls , Bank and bed stabilization
Creeks Ml chsnnelization and
Itina 10. 11. straightening of streams.
and j .~ flood—control activities .
Both side, changes in base and con-

trol level, and changes
in land use

Perry Creek -— Grensda Grenada Ml—l Vicksburg Loss of geologic controls, Longitudinal and transverse
It.. 6A Ml ch5nnelization and stone dikes , sire cribs • tir e
lath sides straightening of streams , post retazds. and longitudinal

flood-control act ivities • peaked stone dike.
- changes in base and con-

trol levels , and changes
in land use

Perr y Creek —— Grenada Granada Ml— l Vick.burg Loss of geologic controls • Grade control
It.. 6~ Ml channelization and
Across channel straightening of streams .

flood—control activities .
changes in base and con—
trol levels , and cha nges
in land uae

Perry Creek —— Grenada Grenada Ml—1 Vicksburg Loss of geologic contro ls. Grads—control structure
It.. 6cr Ml ch.nns1ination and
Across channel straightening of streams .

flood—control activities ,
change, in base and con-
trol levels, and changes
in land use

Perry Creak -- Grenada Grenada Ml-l Vick.burg Loss of geologic controls , lank stabilization
It.. 6D Ml chsnnelisation and
lath side, straightening of stress..

flood—control activities ,
changes in bess end con-
trol level. , and change,
in land use

Tillatoba & -— Charleston Talishatchie Ml—l Vickaburg Loss of geologic controls , Stone dikes
Bunte r Creeks Ml channs lisstion sod
Itea 1. atraightening of streams ,
lath sides flood—control act ivities ,

changes in baa. and con-
trol levels , end changes
in land us.
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Tazoo River Basin (Work Unit 7) ( Continued)

- Pu~4Lmg is 11000
Ext Costs

itream . • Allocated Expended
It.. No. • Project Con,truc— Monitor B tbXu as of

~ Side Leaeth titn Reoorting _fl.1L... ~~~f l8  Status Raio ,ks

Batupan 1—3/4 .i 565.0 141.2 565.0 565.0 Construction c~~~leted Construction not funded under the
Bog,.. Section 32 Pro~~am but evaluation
FT 74 of protective method, viii  be
Both performed end reported under
side. lection 32

Batupan 3 ci 795.0 198.0 795.0 715.5 Construction c mplete Additional tire r eveteent is
Bogue presently being constructed at
It.. l.A this ,it. under a sew It.. l.A—I

• Both
sides

Goodwin 10 .i 975.0 2 ,349.. 975.0 None Final design phase To be constructed FY 7;
Creek
It..8
Center
line of
channel

Hoto~hia 2 ci 300.0 250,0 300.0 None To be constructed F! 80
Creek
It.. 7
Center
line of
channel

Hunter 1—1/4 .1 111.6 22.3 111.6 111.6 Construction cemplated
Creek
Iten IA
Both
sides

Johnson 2—1/2 .i 1400.0 750.0 747.0 lone Final design pha.e To be constructed F! 79. Item. 11
Creek and 12 of this project ar e vegets-
It... 9. tive treatment and training str-uc—
11. and 12 tures to be constructed conc.w—
Both rently with It~~ 9
sides

long sod 3 si 850.0 625.0 lone None Initial design Item. 11 end 12 of this project are
C n ey vegetative treatment end training
Creek, structurt to be constructed con-
Item, 10, currently with It.. 10

II 
U, and 12
Both
sides
Perry 3 .i 575.0 74 .0 575.0 lone Under construction
Creek
Iten 6A
Both
sides

Perry 800 ft 500.0 70.0 500.0 lone Under construction
Creek
It.. 61
Center
line of
channel

Perry 200 ft 225.0 56.0 None None Initial design phase
Creek
Item 6cr
Center
line of
ch,nnel

Perry 1/2 .i 400.0 50.0 lone None Initial design phase l~pe of bank stabilization has not
Creek been detaisined
It.. 60

~~~~~~~~~Both
sides

Tiuatoba 2-1/2 .1 625.8 145.2 625.8 625.8 Construction cempleted !azoo Basin (fribe ) • $25011,
& Hunter Section 32 — $375.811
Creeks
Item 1

- - Both
sides

(Sheet 1 of 2)
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T~ooo River Basin (Work Unit 7) LCoocluded)

Stream, Stat.-
Item No. • Local At or Je*r Cong CE Protective Methods

B Side VicinitY City In County 
~~~~~~~~ 

9tt ice Er osion Causative Anents to be Taited

Tillatob~ —— Charleston Tal],hatchis Ml—l Viekaburg Los. of geologic controls , Stone dikes
Creek, North Ml channelination and
Fork , straightening of stre ams .
Item 2 flood—control activities .
Both sides change. in base and con-

trol level,, and changes
in land use

Ti llstob. —— Charleston T.1lah.tchie Ml—l Vick.burg Loss of geologic control. , Grade control
Creek, North Ml chan nelizatioo and
Fork straightening of etra e,
it.. ~~ flood—control activit ies ,

7 Across channel changes in base and con—
trol levels, and changes
in land use

- 
• Tillatob . — Charleston Telishatchie MS—l Vicksburg Loas of geologic controls • Grade control

- f Creek , North Ml channelisation and
Fork straightening of ,traea, .

- I I tem 3C flood—control activities ,
Across channel change. in base and con—

trol levels , and changes
in land use

- - Tillatoba —— Charlest on Tallsbstchie Ml—l Vi*k,burg Loss of geologic control, • Stone dikes
Creek , South Ml chenoelization and
Fork straightening of streams,
PT 72 flood—control activitiee ,
lath sides changes in base and con-

trol levels, and change.
in land use

Tillatob a — Charleston Tallehstchie Ml—l Yicksburg Loss of geologic controls • Cable and board—fenc e dikes.
Creek , South Ml channeliestion and stone dikee
Fork straightening of streams ,
57 73 flood—control activities,
lath aide, change, in base and con—

trol levels, end changes
in land use

Tillatoba —— Charleston Tallahetchie Ml-l Vick,burg Loss of geologic controls . Ti re reveteent and aand—cement
Creek. South Ml cbsnnelir.stiom and sacks
Pork straightening of streams,
Item 5A flood—control -activities ,
Both sides change. in base and con-

trol levels , end changes
in land use

Tillatob. Charleston Tsllehatchie Ml—l Vicksburg Loss of geologic controls, Hay— and tire—filled cribs
Creek . South Ml chanoelisation and
Fork straightening at streams ,
It.. 53 flood-control activities,
lath side, changes in base - and con—

trol levels • and change.
— in land use

Tillatoba —- Cha rleston Taliahstchie Ml—l Vick.burg Loss of geologic controls, Stone dikes and used—tire
Creek , South Ml chsnneliaation and revetcent
Fork straightening of strea ms ,
It.. 50 flood—control activities,
Both side, changes in base and con—

trol level. , end change.
in land use
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Isaoo Havsr Ba,ia (Mesh Unit 7) (C~~~l)~~~~~

Pundiam 1, 11000
-Stream. ~~~ . Allocated

It .. Jo . • Project Cs.,trve— I~~~iter & thaw at
B Side Length tiem lamortiam PT iS 1/31)71 Status ~~~~rks

?iUgtoba 2—1/2 .1 529.9 126.0 329.9 529.9 Cs.etruction e~~~leted
Creek,
North
Pork
It.. 2
Both
aides
Tillatob. 200 ft 210.0 52.0 210.0 200.0 Censtreaction c~~~leted
Creek,
North
Fork
It.. 3d
Center
line of
channel

- - Tillstoba 200 ft 128.1. 25.7 128.4 128.4 Construction c~~~l.ted Constructio n not funded under the
Creek , Section 32 Progr but evaluation
North of protective methods will be

- - Fork performed and reported under
It.. 30 Section 32
Center
line of
channel

- I Tillatobe 1—1(4 .5 237.7 47.5 237.7 237.7 Construction c~~~leted Construction not funded under the
Creek , Section 32 Progr but evaluation
South of protective methods will be
Fork performed and reported under
7! 72 Section 32
lath
aid ..

- 
- 

Tillatoba 2 .1 222.9 4I..6 222.9 222.9 Construction c~~~jeted Conatruction not funded under the
Creek, Section 32 Program but evaluation
South of protective methods will be
Pork pertor.sd and reported under
FT 73 Section 32
Both
aide.
Tillstcba 1/1. ci 99.9 19.9 99.9 99.9 Construction n~~~1eted
Creek ,

4’ South
Pork

7 Xt..5A
Bosh
aides
itilatoba 1—i/b ad 160.4 32.2 160.4 160.4 Construction c~~~l.tsd
Creek,
loath
Feet
it.. sB
Bitt
side.
ec nn ~~~~~ 1 .1 355.0 71.0 355.0 lone Under coOstruction Canetructica not funded emder the

- 
- Coeek, Section 32 Prn~~~~ but evsluation

of protective methods will be
performed and r,ported under

Item SC Section 32
Bathsi~~

V

(Sheet 2 of 2)
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All efforts under this work unit are directed toward achieving economical and effective stabilization
I measures that are compatible with the environment of the natural streams. All work completed or

- planned has been or will be coordinated formally and informally to assure that the latter aim is achieved.
Detailed monitoring and evaluation plans are being followed at all completed demonstration sites

and will be implemented as future sites are completed . These plans provide for monitoring of the
environmental as well as the physical aspects of the projects and will continue until completion of the

- - program.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

BATUPAN BOGUE, FY 74,
GRENADA COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Prob lem. Bed degradation and width increases have endangered local urban property since the earl y
1950’s. A local bridge was moved once to a more stable reach; however , a geologic (rock sill) control on
the bed upstream of the relocated bridge appears to be in the process of deterioration. A residential area
is also endangered by the rapidly caving bank.

Protection. Four types of bank protection were used: (a) transverse stone dikes; (b) board-fence
transverse dikes; (c) board -fence longitudinal revetment with tie-backs; and (d) longitudinal stone dikes
with one tie-back. Material from the bar side of the river was used for a limited amount of backfill. See
Plate (11 for the project plan and location, Plates G2 1-023 for typical construction details, and Plates
031-034 for photographs of typical eroding and failed banks and completed protective structures.

Cost. Total cost of construction was $565,010. The stone dikes cost $2,287 per 100 linea r feet , the
board-fence transverse dike cost $2,608 per 100 linear feet, the board-fence revetment Cost $ 11 ,520 per
100 linear feet , and the longitudinal stone dikes cost $10,890 per 100 linear feet.

Monitoring Program. Visual inspections, surveys, and photography.

Status. All structures appear to be working satisfactorily. Additional sediments have accreted within
the structures, adding to their stability. Several very high flows have been experienced with an all-time
high flow during November 1977 , and there does not appear to be any serious damage to any of the
structures. The November 1977 flood was at least a 100-year event and possibly a 500-year event. The
bridge on Highway 7 lost one span due to possibly two factors: (a) excessive buildup of debris on the
failed pier; and (b) loss of the geologic control just upstream of the bridge, allowing further bed
degradation at and above the bridge.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

BATUPAN BOGUE, ITEM 4A,
GRENADA COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. The problem was included in the description of FY 74 bank stabilization project. Since then ,
the natural grade controls upstream of Highway 8 Bridge, plus at least two more near Tie-Plant ,
Mississipp i, have been eroded by the river causing a lowering of the bed and subsequent caving and
widening of the banks. The cross-sectional area of the stream is now probably three to four times larger
than it was before failure of the natural grade controls.

Protection. This stream has the largest flow of any of the streams now included in Work Unit 7. A
variety of some of the types of construction used on the smaller streams were tried: (a) longitudinal stone
dikes with upper banks graded and vegetated; (b) used-tire revetment; (c) sand-cement bag revetment;
and (d) peaked stone toe dikes with no bank preparation. See Plate G2 for the project plan and location;
Plates G2l , G24, and G25 for typical construction details; and Plates G35-G38 for photograp hs of
typical eroding and failing banks and completed protective structures. No photographs are available for
peaked stone toe dikes.

Cost. Total construction cost was estimated to be $795,000. The cost per 100 linear feet was estimated
to be $2,800 for used-tire revetment , $6,200 for sand-cement bag revetment , ‘ - ,800 for longitudinal
stone dikes, and $3,000 for peaked stone toe dikes.

Monitoring Program. The monitoring progra m to date consists of surveys , field inspection , and
photography.

Status. When the construction was about 50 to 60 percent complete and before any top bank control
could be accomplished, this stream experienced a severe rainfall. Flood height was 2 to 4 ft over top bank
in a channel that had three to four times its original cross-sectional area. The structures , as well as
unprotected banks, were severely damaged and two bridges outside of Construction area were lost. The
partially completed structures prevented much damage to both urban and rural areas, but require
extensive repairs.

G I l
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

GOODWIN CREEK, ITEM 8,
- PANOLA COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. The problems of instability are many and varied. Part of the efforts of the Vicksburg District
are directed to learning more about the causes of streambank erosion and to effect means of

- I economically controlling erosion. In general, Goodwin Creek is experiencing severe erosion as a result
of the loss of geologic controls, channelization and straightening of streams, flood-control activities,
changes in base and control levels, and changes in land use.

Protection. Goodwin Basin has been chosen as the prima ry study site because of the equal and varied
land uses and the similarity of stream characteristics with the many other streams. This basin will be
heavily instrumented and will incorporate grade-control structures with data-gathering needs. See Plate
G3 for the project plan and location, Plate 026 for typical construction details, and Plate G39 for an
artist’s conception of another type of grade-control structure. Photographs of similar completed
structures on another stream in the Yazoo Basin are given in Plates 040 and 041.

Cost. Construction costs are estimated to be $975,000.

Monitoring Program. Soils, geologic, land use, hydrologic, hydraulic , etc., data will be gathered. The
USDA Sedimentation Laboratory at Oxford , Mississippi, will continue the project for 5 to 10 years
after 1982.

Status. Final design is now being accomplished with construction scheduled to be completed in FY 79.

013 

- 5 - - 5- - - 5 - -- -----— —- -5 -5 - --5--5—- -~~~ --- --5



_
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— - -

SCA~E~~~~SE.SS

- PA NOLA COUNTY, MISSISSIPPI

I

10
______j \_•_____-_~

SCALE IN MIL(5 GOODWIN CREEK
-~~ -2 .1 QI I I i ITEM S

PLATE G3

014

L. 11111 ___________



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Streambank Erosion Control Evaluation and
• Demonstration Act of 1974

HOTOPHIA CREEK, ITEM 7,
PANOLA COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Hotophia Creek is experiencing a detrimental phenomenon known as “head cutting”
whereby degradation of the bed progresses upstream in a steplike fashion. This is common on other
streams in the hilly section of the Yazoo Basin and the variety of causes of head cutting in the Yazoo
Basin hill streams prevail on this stream. Streambank instability has been further aggravated by the
straightening of this stream by local interests. The bridge pier on Highway 7 indicated 4— to 5-ft
degradation in the past year. Borings show that the geologic controls are almost gone and below those
elevations are 30 to 60 ft of very easily credible sands.

Protection . The above head cuts, amounting to 20 ft of drop, are now concentrated over a half-mile
reach. Three grade-control structures are planned to control this stream. See Plate G26 for typical
construction details of a grade-control structure ~tnd Plates 040 and 041 for photographs of similar
completed projects on another stream in the Yazoo Basin. An artist’s conception of a grade-control
structure with provisions to measure total sediment load and discharge is shown in Plate G39.

Cost. Construction costs are estimated to be $300,000.

Monitoring Program. Unknown at this time.

Status. Construction is planned for FY 80.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

HUNTER CREEK, ITEM 1A,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Instability results from such problems as loss of geologic controls, early work by local
interests, and flood-control activities in the delta. This creek is a tributary to South Fork with its mouth
about 2 miles upstream from the confluence of North and South Fork Tillatoba Creeks.

Protection. A combination of two variations of longitudinal stone dikes and one type of transverse
stone dike was used . This work was originally planned as part of Tillatoba (North Fork) and Hunter
Creeks, Item I , but rights-of-way delays required that this work be performed under a separate contract
at a later date. See Plates 04 and 05 for project plan and location , Plate G2 I for typ ical construction
details and Plates G3 1, G32, and 035 for photographs of typical eroding and failing banks and
completed protective structures .

Cost. Total cost of construction was $1 11 ,600. The cost per 100 linear feet for transverse stone dike or
type 1 tie-back was $2,746; type 1 longitudinal dike with one type I tie-back , $1,826; type I longitudinal
dike with more than one type I tie-back, $2,447; and type 2 longitudinal dike with one type I tie—back ,
$4,339.

Monitoring Program. Visual inspections, surveys, photography, land use, geology, and soils.

Status. This stream has been subjected to the same high flows as described on other streams in this
basin. All structures seem to be operating as planned.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

JOHNSON CREEK, ITEMS 9, 11, AND 12,
PANOLA COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. The same degradation problems occur here as on other streams in the basin. Also, local
interests have straightened out various reaches at various times over the past three to five decades, thus
contributing to further bank degradation.

Protection. Grade-control structures will be used to stabilize the bed , then a variety of bank
stabilization , vegetation (the District working with the State and SCS agronomists on this), and training
structures will be tried. See Plate 026 for typical construction details of a grade-control structure and
Plates G40 and 041 for photographs of similar completed project s on another stream in the Yazoo
Basin. An artist’s conception of a grade-control structure with provisions to measure total sediment load
and discharge is shown in Plate 039.

Cost. Construction costs are estimated to be $1.1 million.

Monitoring Program. Same as on Goodwin Creek, but less extensive.

Status. Initial design work is being done and construction will begin in FY 78. Items I I  and 12 are
vegetative treatment and training structures.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

PERRY CREEK, ITEM 6A,
GRENADA COUNTY, MISSISSIPPI ,

DEMONSTRATION PROJECT

Problem. Same problems as described for Batupan Bogue. Degradation worked up this creek during
- 

- the 1960’s and 1970’s, causing extensive bank caving in urban and rural areas near Grenada , Mississipp i.
Several bridges have problems; the box culvert under Interstate Highway 55, constructed in 1963,
stopped an 8-ft head cut but now the highway is endangered .

Protection. A series of bed stabilizing grade-control structures with bank stabilization is planned for
FY 78 construction on Perry Creek. Item 6A consists of bank stabilization with stone dikes, wire crib
retards, tire post retards, and longitudinal peaked stone ~‘ikes. See Plates 66-08 for project plan and
location; Plates 621 and G27-629 for typical construction details; and Plates G3 I , G35, and 642-644
for photographs of typ ical eroding and failing banks and completed protective structures.

Cost. Estimated cost of construction is $575,000.

Monitoring Program. Surveys, photographs, and visual inspections.

• Status. To be constructed during FY 78.

Ii

020 

— - - -5 —

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ J — .~-__.

I”



‘-— —~ ----,--.- •----—-- — — 
~~~~~~~~~~~~~~~~~~~~~~ ~

‘T
~~~~ 

- ~~~~~~~~~~~~~~~~~~~~~~~ 

~

-5

~~~~~~~~~

-5

~~

-5-5-5•_•-5

~~~

~~1I ~~I if
OAZNADA

~ N S SIPPI
-e

q’

-~ Grul.lI at
- 

S

GRENADA COUNTY , MISS. AREA o

-\
LOCALITY MAP

- - SCALE IN MILES
1 0  I 2 3

7

r
GRENADA COUNTY , 2

MISS.

N-,

/
SCALE IN FEET

400 0 400 SOO
I I I I

LE GE ND —
I LONGITUDINAL STONE DIKE- T YPE I (USE TYPE I TIE-D ACK I
2 LOP4OI T UDINA L PEAKED STONE DIKE — 2 TONS/ I -F
5 WIRE CRIB R E TARD WITH TIRE FILL
I USED TIRE POST RETARD

PERRY CREEK

~~~~~~~P EATUNES EK ASlENA TED AND NOT TO SCALE 
UPSTREAM

PLATE G6

621

L~~~~~~li. ~±I±1L~. . -- -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

- 5 •

~

-5•• _-5-5-5

~

-5-5 •_ -5-5__ _ -

¶1 if I
O*E NADA

55 ~ £415
ITEM 6-S PERRY CREEK ~-. MIS PPI4#
C~OIUSE SWANk OOIITSO L

STNUCTIJWE TO SW COIIITN UCTED
IV OTNGRS

4

S, TN 
. ~~i.

A~~E A O

‘

LOCALITY MAP
GRENADA COUNTY , MISS. SCAL.E ~N MILES

\ 

I 0 I 2 3

L,~~i 
_ _ _ _ _ _ _ _ _ _ _ _

GRENADA COUNTY , MISS .

l~-

SCALE IN FEET
- \  

_ _ _ _ _ _ _

LEGEND
I LONGITUDINAL STONE DIKE - TYPE I (U SE TYPE I TIE -SACK P
2 LONGITUDINAl. STONE DIKE-TYP E 2 ( USE TYPE I TIE-SACK )
5 LONGITUDINAL PEAKED STONE DIII E—2 TONS/I..F
I WIRE CRIB RETAR D WITH TIRE FILL 

PERRY CREEK

ITEMS 6A AN D 6B
NOT~I MIDDLE

ornl FEATU RES ERAS RE WATED AND NO? TO SCALE

PLATE G7

622

It. T-~~~ _ ’ _’ -~~~
- - - — — - - - -  — -~~~~~~~~~~~ &-- - ----- - - — - - - -- - - -



r~ -r -- - ~—.-_- --_~~~~~~~~~. - - ~~~~~~~~~~~~~~~~ 
-
~~~ 

- -

~~1J ~I Jf I
ORINADA

GrIIIKdlI t
- 

•

~

AI~EA 0

4. 2 
~~~

-

,, ..i

LOCALITY MAP
GRENA DA COUN TY, MISS. • S~ALE IN M IL~S

ITEM 6-B PERRY C~~EK
CL OSURE ERASE - CONTROL

STRUCTU RE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—

5 :  MIS IPPI 4 
LILt

~~~

S GR ENA DA COUNTY , MISS.

L

BATUP~ 4 
~~ SCALE IN FEET4 r i  4r ‘r

LEGENO
I LONGITUDINAL STONE DIKE—TYPE I (USE TYPE I TIE -BACK )
B LONOITUDWIA4. STONE DIKE-TYPE 2 ( USE T YPE I TIE -SACK )

LONGITUDINAL PEAKED STONE DIK E—I TON$/I..P
4 WIRE CRI B RETARD WITH TIRE FLI .
3 USED TIRE POST RETA RD

PERRY CREEK
N

~~~~ PIATU.IS IIIM SW70S MI NOV TI SEMI ITEMS 6A AND 68
DOWNSTREAM

PLATE 08

023



— Streambank Erosion Control Evaluation and
Demonstration Act of 1974

PERRY CREEK, ITEM 6B,
GRENADA COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Same problems as described for Batupan Bogue. Degradation worked up this creek during
the 1960’s and 1970’s causing extensive bank caving in urban and rural areas near Grenada, Mississippi.
Several bridges have problems; the box culvert under Interstate Highway 55, constructed in 1963,
stopped an 8-ft head cut but now the highway is endangered.

Protection. Grade-control structures similar to those used on the North Fork of Tillatoba Creek
(Items 3A and 3C) are planned. A variety of bank protection in Item 6A is planned in this stabilization
system. See Plates 07 and 08 for the project plan and location, Plate 026 for typical construction
details, and Plates 640 and 041 for photographs of completed projects on another stream in the Yazoo
Basin. An artist’s conception of a grade-control structure with provision to measure total sediment load
and dischrge is shown in Plate 039.

Cost. Estimated cost of construction is $500,000.

Monitoring Program. Same as for North Fork Tillatoba Creek (Item 3A).

Status. To be constructed during FY 78.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA (NORTH FORK) AND HUNTER CREEKS, ITEM 1,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem . Severe meandering and bank caving. Cause of this instability seems to be a result of a
combination of things—loss of geologic control , early work done by local interests, and flood-control
activities in the delta. The result, regardless of the cause, was a severe head cut (bed degradation) that
initiated excessive bank caving.

Protection. A combination of six types of longitudinal and two types of transverse stone dikes was
used. Some upper banks were graded, others were left natural. See Plates (19-Gil for the project plan
and location; Plate 021 for typical construction details; and Plates G3 I , G32, and G35 for photographs
of bank failure on Tillatoba Creek, North and South Forks, and completed protective structures.

Cost. Total cost of construction was $625,821. The cost per 100 linear feet for transverse stone dikes
was $2,398, $4,064 for longitudinal stone dikes with one tie-back , $5,561 for longitudinal done dikes
with two tie-backs, $6,578 for longitudinal stone dikes with more than two tie-backs, $3,453 for type I
stone dikes, $3,106 for type I longitudinal dike with more than one type I tie-back , $4,820 for type 2
longitudinal dike with one type I tie-back, and $2,021 for type I longitudinal dike with one type I tie-
back.

Monitoring Program. Visual inspections, surveys, and photography.

Status. Minor adjustments in the alignment on one dike field were made I year after construction.
Most structures are performing satisfactorily. Some upper bank vegetation control was damaged by
high water prior to adequate germination.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA CREEK, NORTH FORK, ITEM 2,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Probl.m. Severe meandering and bank caving.

Protection. The types of bank protection used were the same as on Tillatoba and Hunter Creeks, Item
I , but the application varied . See Plates (112 and 013 for the project plan and location , Plate G2 1 for
typical construction details, and Plates 031, G32, and (135 for photographs of bank failure on Tillatoba
Creek, North and South Forks, and completed protective structures.

Cost. Tota l construction cost was $529,879. The cost per 100 linear feet for transverse dikes was $2,398,
$2,100 for stone paving, $4,204 for longitudinal stone dikes with one tie-back, $4,276 for longitudinal
stone dikes with two tie-backs, $4,426 for longitudinal stone dikes with more than two tie-backs.

Monitoring Program. Visual inspections, surveys, and photogra phy.

Status. A few minor alignment problems have been experienced with some bank caving during the
recent high water. Overbank drainage was stabilized during construction but needs some modifications.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA CREEK, NORTH FORK, ITEM 3A,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Severe meandering and bank caving is a serious problem on the North Fork of Tillatoba
Creek. Cause of this instability seems to be a result of a combination of things—loss of geologic control ,
early works by local interests, and flood-control activities in the delta. Regardless of the cause, the result
was a severe head cut (bed degradation) that initiated excessive bank caving.

Protection. The key to bank stabilization is to stabilize the bed. This will prevent a high percentage of
bank caving. A simplified grade-control structure has been laboratory-tested and incorporates a design
to minimize the excess energy that usually creates bank caving below weirs. Additional laboratory flume
work will be done at the USDA Sedimentation Laboratory in Oxford , Mississippi, and St. Anthony
Falls Laboratory in Minneapolis, Minnesota , to finalize design criteria that will enable this grade-
control structure to be used by any river engineer as needed. See Plate 014 for the project plan and
location , Plate 026 for typical construction details, and Plate 040 for photographs of the completed
structure. An artist’s conception of a grade-control structure with provisions to measure total sediment
load and discharge is shown in Plate 039.

Cost. Total construction cost was $210,000.

Monitoring Program. Visual inspections, surveys, photography, and stage! slope recording gages.

Status. Contractor had problems during construction , mostly due to lack of experience. An undersized
riprap was placed below the weir and a large overbank drain just upstream on left bank had inadequate
protection. Several large flows were experienced during construction and one extremely high flow after
construction in November 1977. The only damage to the structure was loss of top bank which had
improper time for vegetation germination.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA CREEK , NORTH FORK , ITEM 3C,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Serious head cut and bank caving were progressing upstream and had reached a point 600 ft
downstream of the structure . A straight reach is needed for proper alignment through a grade-control
structure so the design was altered to allow for the head cut moving up to the structure.

Protection. A grade-control structure similar to the one constructed under Item 3A except for above
change and a variation in the energy dissipating baffle. See Plate 015 for the project plan and location ,
Plate 026 for typical construction details, and Plate 041 for photographs of the completed structure.
An artist’s conception of a grade-control structure with provisions to measure total sediment load and
discharge is shown in Plate 039.

Cost. Total construction was $128,400.

Monitoring Program. Visual inspections, surveys, photography, and stage/slope recording gages.

Status. The above-stated head cut has now moved to within 200 ft of the struct ure. There is an
overbank drainage problem below structure on the left bank. Several high flows and nne 4-ft overbank
flow have occurred since completion in September 1977, but every stone still seems to be in place .
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA CREEK, SOUTH FORK, FY 72,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Serious bed degradation has been progressing upstream during the past several decades.
Causes seem to be a result of: (a) straightening out the 7-plus miles of the stream below the hill line
during the 1920’s, (b) lowering the base level at the mouth of the stream, and (c) loss of natural geologic
controls in the streambed. The combined result was a lowering of the bed elevation and severe bank
caving. Soil Conservation Service constructed jacks and fences on over 20 bends on the lower 5-plus
miles of the stream in FY 68. Bank failures increased during the early 1970’s as a result of above normal
rainfall.

Protection. A series of stone dikes with some variation of design and longitudina l toe protection were
built on 12 bends over I-I / 4 miles of stream. These dikes were mostly transverse groins on the outside of
the bend. See Plate 016 for a partial location and plan, Plate 621 for typical construction details , and
Plates 031 and 632 for photographs of typical eroding and failing banks and completed protective
structures.

Cost. Total cost of construction was $237,664. The cost per 100 linear feet for stone dikes was $2,881 ,
and for longitudinal toe protection was $7,745.

Monitoring Program. Visual inspections, periodic aerial and ground photographs, thalweg surveys,
geologic soils analysis, and land use.

Status. The area has been subjected to unusual high rainfall with several storms exceeding 5 in. in 24
hours during 1973 and 1977. In general, the structures have performed adequately except where stream
alignment allowed high flows to impinge directly on the unprotected bank between dikes, allowing some
bank erosion. Natural vegetative growth is helping to correct some of the problems. Overland flow has
caused some erosion in backfilled areas where the dikes tie into the top bank.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA CREEK, SOUTH FORK, FY 73,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Serious bed degradation progressing upstream. See problems discussed under the Tillatoba
Creek , South Fork , FY 72 project .

Protection. Four types of bank protection were used: (a) longitudinal stone dike toe protection , (b)
transverse stone dikes, (c) board-fence dikes , and (d) cable-fence dikes. This work began at the upper end
of FY 72 work and extended 1-1/4 miles upstream for 10 bendways. See Plate G 17 for the project plan
and location; Plates 021, 022, and 030 for typical construction details; and Plates 031-033, 035, and
045 for photographs of typical eroding and failing banks and completed protective structures.

Cost. Total cost of construction was $222,890. The cost per 100 linear feet for stone dikes was $3,665,
$7,734 for longitudinal stone dikes, $3,780 for fence dikes, and $4,455 for cable-fence dikes.

Monitoring Program. Visual inspections, periodic aerial and ground photogra phs, thalweg surveys,
geologic soils analysis, and land use.

Status. The structures were subjected to the same flow conditions as those cited in FY 72 Tillatoba -

Creek, South Fork, description. These dikes fu rther exemplified the fact that the lower end of a short
radius bend is subjected to more severe bank erosion problems during high water and needs design
modifications. The board- and cable-fence dikes trapped much debris , especially large sections of full-
grown trees. This caused damage to some structures by subjecting them to excessive loading; however ,
most structures withstood these loads. Volunteer vegetation has minimized erosion in recent years and
as in the FY 72 work , the structures have prevented excessive bank caving so that vegetation could get a
foothold. Where radius of curvature was small , scour has occurred under the structures even though a
riprap blanket was installed.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA CREEK, SOUTH FORK , ITEM 5A,
TALLAHATCHIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Refer to problems cited previously under project description for Tillatoba Creek , South
Fork , FY 72.

Protection. Two methods of utilizing local material and hired labor were used on this project: (a)
bagged sand-cement placed and backfilled on a graded bank over a city dump with additional bags used
as toe protection; and (b) rubber tire revetment on a graded bank with willow cuttings. See Plates 018
and 019 for the project plan and location, Plates 024 and 025 for typical construction details, and
Plates 036 and 038 for photographs of typical eroding and failing banks and completed protective
structures.

Cost. Total construction cost was $99,900. Cost per 100 linear feet for used-tire revetment was $3,300
and for sand-cement bag revetment was $9,900.

Monitoring Program. Surveys, field inspections, and photography.

Status. Some variations are needed on the sacked sand-cement revetment design because it tends to act
as a monolithic structure without internal strength. Also, better toe protection is needed to allow
launching during scour. A variation in anchoring the toe of the tire revetment is needed. Some means,
such as tires filled with concrete, is needed to hold tires in place and to allow for normal toe scour. These
structures have been subjected to at least four rainfalls of over 4 in. each in a 24-hour period. The work
has performed well, even with the present design.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

TILLATOBA CREEK, SOUTH FORK, ITEM 5B,
TALLAHATCH IE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Serious bed degradation progressing upstream. See problems cited earlier under FY 72 work
on this stream.

Protection. Two methods using local material were used on this item. Cribs were constructed with
treated piles driven 7 ft into the ground and fenced as shown in Plates 027 and 028. The cribs were filled

- - with either baled hay or used tires. The existing bank was left untreated and in a natural condition , where
possible; however, construction techniques required clearing in some locations. See Plate G 19 for
project plan and location , and Plates 042 and 043 for photographs of typical eroding and failing banks
and completed protective structures.

Cost. Total construction cost was $160,400. The cost per 100 linear feet was $2,500 for wire crib reta rds
(tire-filled ) arid $2,500 for wire crib retard s (hay-filled).

Monitoring Program. Surveys, field inspections, and photography.

Status. These structures were subjected to four or five high-water conditions during the first year of
operation. Several problems are currently apparent: (a) streambed scour , occurring between surveys
and construction, was backfilled with local material; this did not stay, even during moderately low flows;
(b) alignment was not always compatible with high flows because of above changes between survey and
construction; (c) bags filled with sand-cement used for toe protection were inadequate, leaving portions
of structure unprotected when above scour reoccurred; and (d) when scour, possibly 4 to 7 ft , occurred
during high water, the tires and hay bales were removed under the wire crib which rested on natura l or
man-made fill. Some structures were scoured to the point that cribs were emptied , the outside piles
scoured below maximum penetration, and then the entire structure swung up and over the rear piles.
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Streambank Erosion Control Evaluation and

Demonstration Act of 1974

TILLATOBA CREEK, SOUTH FORK, ITEM 5C,
TALLAHATC HIE COUNTY, MISSISSIPPI,

DEMONSTRATION PROJECT

Problem. Serious bed degradation progressing upstream. See problems cited under FY 72 work on this
stream.

Protection. Longitudinal stone dikes with vegetation and modified used-tire revetment with
vegetation. See Plate 020 for the project plan and location , Plates G2 1 and 024 for typical construction
details, and Plates 032, 035, and 036 for photographs of typical eroding and failing bank and
completed protective structures at other locations.

Cost. Construction costs are estimated to be $355,000.

Monitoring Program. Surveys, photographs, and visual inspections.

Status. To be constructed in FY 78.
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Plates Hl-H3
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Plates H4-H6

Pearl River at Monticello, Mississippi H 19
Plates H7-H9

Roanoke (Staunton) River near Leesville, Virginia H23
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Allegheny River near Wattersonville, Pennsy lvania (Mile 62.4) H27
Plates H 13-H 15

Iowa River at Wapello, Iowa (Mile 16.0) H3 I
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APPENDIX H

Status of Demonstration Projects
on Other Streams, NatIonwide

(Work UnIt 8)

Under this portion of the Section 32 Program, potentially low-cost streambank protection methods
and materials are being evaluated at a variety of selected sites to demonstrate their capability to perform
under a broad range of geographical and environmental conditions. The sites are chosen by Corps field
offices on the basis of their potential for demonstration and testing of new techniques. The Eel and
Yellowstone River sites, which were added as amendments to the Section 32 Program legislation in
October 1976, are also included (Figure HI) .

This work unit presently consists of 43 approved or proposed demonstration projects on 35
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 the funded projects should be
completed in FY 78 or early in FY 79. Seven other projects which are scheduled for construction in FY
1979 have been allotted only minimal funding to permit preliminary planning and feasibility studies to
commence. 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
adequate funds by Congress and the actual costs required to complete the projects specified in the
legislation.

All necessary coordination with Federal , State, and local agencies is being accomplished by the
responsible Districts. Local approval and support is being obtained for each project before construction
begins; and upon completion of the program, maintenance of the projects becomes a local
responsibility. Environmental considerations are addressed during the planning and design phases of
each project.

Bank protection materials and methods being tested include the following or combinations
thereof: pavement, rock hard points, pile fences, gabion mattresses, sand- and cement-filled paper-bag
riprap, interlocked baled hay, various vegetative covers, rock riprap, tire mattresses, concrete blocks ,
windrows, and filter cloths.

Detailed monitoring and evaluation plans are being developed for each demonstration project. The
plans will include monitoring both the physical and environmental aspects of the projects, and will
continue until completion of the program. A table of pertinent information , including funding status , on
each project under this work unit (Table HI ) and descriptions of the funded projects are provided in this
appendix.
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TAILI Il: ~.N~ RT OF P~~~I I T  lION ON D~ e~~15ATI0 PRO3~~~~
Oth.r 8tds~~~ Nationwide (Work !*it 8).

Str eca• St.t a— Erosion
Mile, LocAl At or Near Cong CI Causative

& Side Vicioity City In CollOty ~ j~5 Office Agents Protective Npthod, to be Tested

lel1ow.ton~ River (soecitied in FL 9b—58T)

Sallow— River Road Sidney Ricbland 141—2 oaaha High-flow veloc— Revelmen t and hard points
Stone H. II ity, wave wash
2T - .5 s~d ice gorging
Right during annual

spring flood.
lellow— Chancy Creek C.rtwright McK.nsi. ID—i ONahi High—floe veloc— R.v.t..nt and hard point.
.ton. H . JR ity, wave wash
20.0 sad ice gorging
R ight during annual

spring floods
Yellow— Horse Creek Cartwri ght I4cK.noie ID—i Omaha High—flow veloc— Reveteent and hard points
StOnC H. NE jOy, wave wash

— 1.1.5 and ice gorging
Right daring manual

- - spring floods

Eel R iver Delta (specified in FL 9t—5 87)

1.1 R. D/S of Fortuna Huaboidt CA—2 San Velocity eroding Rock hard points . pile fences witb
6.0 Ferobridge Frsncisco bank toe rock toe , sod rock toe vi th planting
Right CA

Van D/S or Fielder Carlotta Huiboldt CA—2 San V.locity eroding Tree pendants • light pile fence , and
Duzeo H . Creek Francisco bank toe dense pile fence
8.0 CA
Right

- - Sites on other streans nationwide not specified in a-ithorizing lecielsijop

Connect— Northeast Northfield Franklin 14k—i Hew High velocities Gabion mattresses, interlocked rubber
icot N . Utilities , England during spring tire. , send—cement filled paper
132.5 Inc. MA runoff ; bydro— ripi-sp bags , interlocked baled hay and
Left electric pool wire cash over filter cloth below the

operation coo— normal waterline . Vegetative cover
aistin g of rapid above the waterline
pool drawdowi.
and surged di.—
charges; natural
sod boat-induced
waves ; ice

Connect— Dean Thai-burn Haverhill Gra7ton 1111—2 New High velocities a. 9—in. gabion sattresse.
icut R. Pare England during spring b . 3 ft a 3 ft gabion underwater toe sod
25b.6 MA runoff ; hydro— interlocked rubber tire.
Left electric pool c. Sand—cement filled paper riprap

operation con— bags
- - 

- 
sisting of rapid d. Interlocked baled hay
pool drawdown e. Vegetative cover above the waterline
and surged di.-
charges; natural
and boat—induced
w.vss; ice

Dej a— Billingiport Paulnboro Gloucester NJ—i Philadel— Ship wake and Tentative method.:
ware H. phia curr ents a. Riprap

- 
- 13.6 mi PA b. Precast concr ete grilisge

D/S of c. Groins
Phil. - PA 4. Gabiona
East side e. Tire mats
Hudson H. Ilutten Hook Coasackie Colombia 111—29 New York Tidal fluctua— a. Riprap
19.0 mi HI tions , wash from b. Vegetation

- - 0/S of New oceangoing c. fire mats
Albany , vessels and
IT possible ice
East side erosion
Pearl R. Montice llo Mont icello Lawrence ID—3 Mobile Rapid stage Concrete blocks . demped rubble , used tires
3 site. AL recession and

- Moth sides local drainage

Roanoke R. D/S of i.e.— Leesvill e Cs~~bell VA— S Wilmington Erosion and Riprap, Fabrifora. reno mattress
3 site , viii. 0.. IC sloughin g
Both sides caused by vary -

ing water level.

Roaring R. Roaring liver Roaring R iver Wilkes IC—5 Charleston High—velocity Gabions, riprap sod fabric eulch/grass
0.25 SC flow. -.siderain-
Right ing noncohesive

soils
- - Allegheny UIS of LiD 9 Watterson— Arlatrong PA—12 P it t sburg Nigh—velocity Potential protectiv. scenes include :

I. yu le PA flows acting on a. Hard point.
62. . highly arodib ie • b. Wi ndrows
light fine—gr.ined

soil; winter ice
floes which
gorge soil from
the riverbank

H4 
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Oths, St re~~~ Nati~~~ids (Umek IMi t I) (~~~t iamad)

La $1000
Rot Coat1

Stream , Project Rop~ Allocated Igpeaded
Mole, Lesgth Canetruc— Moaitor & tar.. as of Nap

& Bids _~~~~~ tism Jomartis. PT 78 3/31/78 Status R rks

Yellowe3n.. liver (sascified is PL 9&~ 68T) (Csatlsu.d)

Yellow— 5,200 158.0 52.0 230.0 3.0 Scb.duled FT 18
atoms I.• 27,5
Right

Tallow- 5, 800 150.0 1.1.0 lose None Schsdulad FT 79 2stone I.
20.0
Right

Tallow— 10,600 200.0 63.0 Isa. Jose Scheduled FT 79 3
stone H.
1.1.5
Right

1.1 River Delta (asmeifi ed ia 91 01.—S8T) (Continued)

- . Sal N . 2 ,1.00 1.68.0 132.0 Jose Jon. Awaiting fundisg Tentativel y approved in the FT 19
6.0 budget
Right
Van 900 80.0 97.0 130.0 21.5 la.ia of des ign ccapleted; pre— 5
Duxes H. paring plans and apecificat iona
8.0
Right

Sit s. on other stra maticemids mat .eacifieg in autisric.ina lamislation (Continued)
- 

- Connect— 2 ,600 11.0.0 130.0 lose None Awaiting PT 19 funding Tentatively approved in PT 19 6
- - icut R. budget. Bank protection methods

132.5 are tentative
- ;  Left

4 ’ 
Connect- 2 ,600 190.0 135.0 325.0 61..0 Project Layout and design 80% 7
icut H. coaplete. Local assurance. 80%
231..6 ccaplete. Construction contract
Left award scheduled for 31 May 1978

Dela— 2 ,500 185.0 29.0 10.5 1..5 Prel.lminary report prepared and Cost eatinate is based on present 8
ware H. approved. District has been level; tentatively approved in
13.6 .i authoriged to proceed with FT 79 budget
0/8 of developeent of local cooperation
Phil. • PA
Isat side
Huda oa N. 1,500 192.0 99.0 I..5 1..5 Preliminary report prepared and 9
19.0 .i approved
D/B of lev
Albasy,

last side

Pearl N . 1,000 118.0 103.0 1.50.0 1.0.5 Completed plans sod specifica— Construction coat. will probably 10
- : 3 sites tions in April 1978 increase due to unforeseen foundation

Both aides problem. at one site. Eatinated in-
crease not available at this tine.

Roanok. R. 2 ,1.00 253.0 20.0 120.0 0.6 Under design li

Both Side.

Roaring R. 1.1.5 185.0 60.0 5.0 5.0 Construction not authorize d 12
0.23 to date. Project assigned a
Right No. 3 priority

Allegheny 2 ,000 133.0 —— l31..O 5.2 Avenu e. for securing loca l 13
R. aponaorsh ip are being sought

~4 62. 1.
Right

(Continued)

See Figure HI for project - location .. 
(Sheet 1 of 3)
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Other Strew Nationwide ( Work LImit 8) (Continued)

Stream, Stat e— Erosion
Mile, Local At or Near Cong CA Causative

A Side Vic in ity City In Count, ..1~iL 
Off ica Aien ta Protective Methods to be Tested

Sites on other stre w nationwide not specified in authorizing legislation (Continuad)

- 
- 

Cuaher— Tennessee Nashville Davidson TI—S Nashville Bank instability Structural (gabions sod gobisets), vegetal
land Ii. Stat. Univ. TI due to drawdown
185.0 and waves
Left
Cuabsr— Grand Rivers luAu Harlan ICY—5 Nashville Bank instability Structural , vegetal . tires filled with
land H. TN due to drawdown concrete
26.0 end save.
Left
Kanauha H. St. Albans St. Albans Ksnawha WV—3 Huntington Bank instability a. 3—ft layer of deeolition brick placed
16.6 WV on filter cloth with reshaping of
Left bank to 1W on 25 and vegetative cover

b. Sand— and epoxy—covered Longard tube
cloth anchored to the bank approxi-
mate to normal pool sod supplement
existing vegetation

c. Slag revetneot near toe of reshaped
slope, with selective vegetation
cover

Wabash H. Maunie Evansville Whit. II.-21 Louisville River current 50—ft stone spur dikes • Fabriforn, con—
31.0 KY struction of a pilot cut across bend

— Bight
Wab ash H. Jew Harmony Evan sr hUe Poasy 11—8 LouIsville Predominantly Fabriform . bend mattre ss • quarry—run
1.1.0 KY river current riprap , changing dovnstress slope
Left
Iowa H. Wapello Wapello Louisa IA—l Rock Poor soil con— Fab r ifora mat, steel jacks • ti nker jettien
16.0 Island dition and high
Right IA velocity st

9o~ angle of
attack

Lowar Durand Eau Claire Pepin WI -I St. Pau l Poor soil con— Flatten bank , soil-cemebt , wing dams ,
Chippeva H. Mo dition and river flow retards • vegetation , rock ripra p ,
21.0, 35.0, atage fluctua— different filter cloths
16.o tioo due to
Right reser voir
51,0, 22.0 , releases
19.0 , 15.0
Left

Bayou Sara St. st. west i&—8 Nov Sigh—velocity a. 1050 ft of gabions
0. 5 Francisville Prancisville Feliciana Orleans flows on non— b. 200 ft of gobinatn with filter cloth
Left LA cohesive soils; c . 625 ft of ballaated filter cloth

mining of coarse d. 625 ft of Fabrifo rs
sediments

Kaska.kia I ediately Payettevi lle St. Clair 51—23 St . Louis High—velocity a. Quarry—run atone
36.0—1.6.0 above head of Mo flows on non— b. Gabion mattress
Left navigation cohasive soils c. Filter cloth
St. latches latches Ads.. Mo—I Vick.burg lank instability a. Stone toe protection
Catherine PC b . Stone training dikes
Creek
5.0

1 !  Right
White H. Dee Arc Des Arc Prairie AP—2 Memphis Velocity scour , a. Stone toe , used ti res, crushed rock
11.3.0 II aaasive sliding b. Stone toe , Fabrifors
Right c. Stone toe , soil—cement

d. Stone toe , used tires , r ilter mat
Brazos N. Stephen F. Sealy Austin TX—b Port Worth Alluvial plain Patented fence-jetty system developed by
131.0 Austin State TX with a short A—A firm Hold—That—River Eagineering Co.,
Right Park radius bend. HoOston . TX

Erosion occurs
on concave side

Rio Abiquiu Zspanola Rio Arribs ~~—1 Albuquer— Erosion and Oroins that Would not require rock for
Cheaa N. and Ch ita qua sboughing of both scour protection. Materials to be used—
11.0 and 14 banks , sggrada— earth , wire , vegetation. tinber—that
3.0 tion, velocity would be aesthetically and envir~~~sntally
Both sides scour , and stage acceptable

fluctuation

Sabine R. Deweyville Deweyville Newton TX—2 Galveston Flow iapinging Teat sections of gobiaat , Fab r iform , and
1.0,6 TX on concave bank sacked soil—c nt with riprap end
Night end frequent and sections

- - rapid chasge. in
water—eurface
elevation

H6



Other $tru Metionwide (Ma rk LIm it 8) Iloctinuadi

FuMing in $1000
Not Costa

Stream, Project loge, Allo cated Nopended
Mile, Length Constr ue- Monitor 1. thru as of lIsp

B Bide ,_ .tL...... tion Nevor tima PT 78 3/31178 Status Rs.ark.

Sites on other strew nationwide sot specified is aszth Qrising legislation (Continuedi

Cuaber— 1.000 200.0 1.5.0 Jone Noes Preliminary better report 1916 11.
land B. estimate. Project approved .
185.0 sot funded
Left

Cenber— 1,000 250.0 None None None Preliminary letter report 1976 15
lend H. estimate. Project approved,
26.0 not fund sd
Left
Hanawha H. 1,500 87.0 69.0 lone lone Brief letter report prepared and Tentativel y approved In PT 79 16
1.6.6 local contact. made budg.t
Left

4

Wabash 1. 2,000 200.0 70.0 None None Preliminary letter report 1977 17
31.0 cost estimate. Project ap—
Right proved, not funded
Wabash H. 2,000 200.0 70.0 lone None Preliminary letter report 1977 18

— 1.1,0 coat estimate. Project ap-.
Left proved, not funded
Iowa H. 1,700 210.0 30.0 360.0 21.0 Approved end funded Car Project c~~~1etion is .cbeduled 19
16.0 construction for October 1978. There is a
Right strong local aupport for the

project

Lover 10,560 1.00.0 60.0 25.0 15.0 The project is approved for lagineerii.g plans , baseline sur— 20
Cbippewa N. construction veya. envirowntal impact asses.-
21.0 , 35.0, sent , Section 1.01. permit require—
1.6.0 aent., and local cooperation
Right agreement are scheduled for
51,0, 22.0, c~~~letion in early Ff 79. Con—
19.0, 15.0, struction is scheduled for FT 79.
Left The project i, under contract with

the Cobor~do Stat. University

Bayou Sart 2.500 500.0 50.0 lone Jon. Preliaias.7 planning only 21
0.5
Left

E.ska.kia 720 310.0 100.0 lone lone Preliminary planning only 22
- 

- 36.0—1.6.0
Left

.(~ St. 1,000 65.0 20.5 lone Jon, Preliainary planning only 23
Cath erine

- ;  Creed
5.0
Night
White N. 1,200 600.0 135.0 290.6 10,0 Preliminary work such as agree— Tentatively approved for Construe— 21.
11.3.0 .eots with local interests is tiom in LX 79 budget
Right under way

Bragoa H. 1,000 225.0 75.0 None None Work has not been started A priwa$e A-B firS comault.d by 25
151.0 the Parks Dept. estimated 91. acres
pjgj.~ of perk lead had been lost is the

pest 30 year.. Cost eatimataa for
protection (1973 prices ) pea rye.
$5251 to $9151 by the A-I firm

h o  2,000 172.0 28.0 None lone No work acc~~~1isbed to dat.. 26
cew 1. (1,000 ea) Local sponsor not yet
11.0 s.d identified
3.0
10th sides

Iabsae H. 150 265.5 31.5 Noes lone lot scheduled 27
1.0.6
Right

($haet2ef 3)
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Other Stree.s Nat ionwide (Work Umi~ 8) ( Comcl ude41

Stres., Stat.— Erosion
Mile , Local At or Near Cong CE Causative

A Side Viciflity City In. Count, _~~LL Office Agents Protective Method, to be Tested

S(t es on other str~~~s nat ionwide not anec ified in autborj ;jng legIslati on (C Qncl.wie d)

Whit. N. Jackeonport Jacksonport Jackson AN—I Litt le Concave r iyer— Stone—filled trench revetae nt at var ious
259. 7 Stats Park Hock bank i. subject dimensions and upper banks protected with
Left AlL to continuous alternate areas of stone riprap and con—

att ack by river pacted clap
currents. River-
bank along the
along the bend
is practical ly
vertical

Kansas B. E4dora Eudora Le,enworth ~~—2 Kansas Piuccusticg tine, Wlndrow revetsent using three differeSt
— 1.3.O—1.1.. 0 (Pall Lest ) City sod easily eroded application rates

Left KS soils

- 
- Kansas H. DiSoto DeSoto Johnson l~ —3 Kansas Fluctuating flows Low elevation revetment using low—quality

31.0 City end easily eroded stone
Right soils
Knife H. Stanton Stan ton Mercer ID—i Omaha High—flow veloc— Hevetaent
20.0 NE itiea tsptnging
Right on sanQy silty

banks during
high—wate r
periods

Middle Loup City Loop City Sherman NE—l Omaha High—flow Veloc— Tetrahedrons
- - Loop H. NE Sties impinging

51.0 on esndy silty
Left beaks during

high—water
periods

Ne ba H. Ster ling Sterling Johnson NE-i Kansas Meandering Fence revetaent s
(North City channel; bank
Fork) I~ inatabil ity
75.0
Both aides
Nenaha H. Elk Creek Elk Creek Jo hn son 111—1 Kansas Meandering Pence feveta ents sod stone baffle
(North City channel; bsnk
Pork > l~ ins tability
53.5
Right
Platte H. Colunbua Celuabus Polk 11—1 Omaha High—flow veloc— ftevetaant
106.0 NE itie. impi nging
Right on sandy silty

banks during
high—waterperiods

Platte H . St. Joseph St. J oseph Buchan an 1,1—6 Kansas Meandering Low elevation revetaeat (poor quality)
11.2 City cbsnnei; bank
Right instability
Powder H. Arvada Arcada Sheridan WT—l Omaha High—flow veloc- Double fence retard
200.0 NE it tea impinging
Left on sandy silty

banks during
high—water
period.

White H. Presho Presho lyman SD—l Omaha High—flow vsloc— Steel jacks
55.0 ities impinging
Left on sandy eilty

bank s during —
high—waterperiods

Tellow— Wooden Worden Sellow— IIT—2 Omaha High—flow veloc— Hevetsent
stone H. stone NE iti.. impinging
330.0 on sandy silty
Bight banks during

high—water
periods

Russi an H. ti/S of Healdsburg Son~~~ CA—2 San Velocity induced a. Rock toe
(Dry Grape Creek FranCisco erosion b. Plank fence
Creek) CA c. Hock groins
8.0
Left
Sacra— 0/S of Siddo Glenn Glenn CA—l SacraSento Velocity erosion a. Soil—cement trenches
eeoto H. landing CA of toe B. Piles
176.5 c. Vegetati on
Right
Green H. Kent Kent King W*—6 Seattle Veloc ity erosion Native brush plantings , grass salvaged
26. 5 WA rubber tires, quarry apal la in conj unc-
Left tion with conventional riprap lover bank

toe protect ion

Wa le  Milton— Milton— Umatilla OH— 2 Walls Scour underain— Various riprap sines , vegetation with
Wsula II. Preewster Freewate r Walls ire of riprap riprap toe, wire netting over riprap,
50.0—55.0 groins and piling
Roth sides
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Other Stresas Nationwide (Work Unit 8) ( Concluded>

Funding in $1000
Eat Costs

itreaa . Project Mogr • Allocated Expended
Mile. Length Con struc— Monitor & tOw., as of Nap

A Side _ tion Reporting P7 78 3/ 31/78 Status Remarks

Sites on ~tb*f stre ams nationwide not specified in authorizing legislation (ConCluded)

White H. 3,600 800.0 108.0 10.0 None The project was approved Tentatively approved for coo— 28
259. 7 20 Morch 1978 .truction in the FT 79 budget .
Left Hig h flow on the White RiYer

delayed obtaining deta for final
layout sod design of the proj ect

Kansas N. 3,500 179. . 38.0 lone lone Preliminary planni ng Tentatively approved in the FT 79 29
i3.0~I.1..0 budget
Left

Kansas H. 600 12.5 21.0 None None Preliminary planning 30
31.0

- 
- Right

Knife H. 2 ,500 1.0.0 13.0 None None Not scheduled 31
20.0
Right

Naddle 1,000 15.0 5.0 None None lot scheduled 32
LOUp H.
51.0
Left

Nsmaha N. 1,800 1.8.0 52.0 Non. None Preliminary planning 33
(North
Fork)
15.0
Both sides
lemaha H. 900 26.0 1.2.0 lone lone Preliminary planning 3i
(No rth
Fork )
53. 5
Right

Platte H . 2,000 1.0.0 13.0 lone None Not scheduled 35
106.0
Right

Platte H. 750 17.0 28.0 lone None Preliminary planning 36
71.2
Right

Powder N. 1.900 38.0 12.0 None None Not scheduled 37
200.0
Left

White N. 2,000 1.7.0 15.0 None lone lot scheduled 38
55.0
Left

Yellow— 1,900 137.0 1.5.0 None Hone lot scheduled 39
stone H.
330.0
Right

Russian H. 2,150 325.0 95.0 None lone Awaiting funding 1.0
(Dry
Creek )
8.0
Left
Sacra- 2,000 220.0 80.0 lone lone Awaiting funding 1.1
msnto N.
176.5
Night

Green H. 1,1.00 326.0 11.5.0 10.0 10.0 Approved but unfunded legineering, aonitoring. and 1.2
reporting cost estimates in—

Left d ude envirosmental assessment
atd are as of Dec 1916

Walls 26,1.00 350.0 113.0 11.0 11.0 Approved but unfunded Dec 1916 estimate 1.3
Walls N,
50.0—55.0
Both sides

(Sheet 3 of 3)
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St reambank Erosion Control Evaluation and
Demonstration Act of 1974

VAN DUZEN RIVER,
HUMBOLDT COUNTYN CALIFORNIA ,

DEMONSTRATION PROJECT

Problem. The demonstration project site is located on the right bank (north side) of the Van Duzen
River, at river mile 8, about 2 miles east of Carlotta , California (Plate Hi). Serious bank erosion is
threatening several homes and yards at the site, which is located on the outside of a curve in the river. The
site is just downstream of where Fielder Creek enters the Van Duzen River. The riverbanks, which are
about 10 ft high, are very steep. The upper half of the bank is nearly vertical; the lower half of the bank ,
which is comprised of material that has fallen from the bank , is less steep. Erosion of the bank is caused
by the river, which may reach a velocity of 10 fps, flowing against the loose, sandy, and gravelly

- 
- 

riverbank material.

Protection. The 900-ft-long demonstration project , which will be constructed in 1978, will make
extensive use of native, readily available materials (Plates H2 and H3). Tree pendants will be used to
protect the upstream 300-ft reach of the project; the trees will be lashed together with wire rope and wiLl
be tied to the riverbank. The remaining 600 ft of the project will consist of two types of pile fence.
Variations in the fence—light and heavy density—will allow alternative methods to be evaluated. The
fence will be made of timber members; also, a 4-ft-high wire mesh fence will be placed along the bottom
of the fence. The works will retard the flow of water along the bank, which will reduce erosion, and will
encourage sediments and debris to be deposited behind the fence; this will encourage growth and the
subsequent stabilization of the bank. if growth at the site is not adequate, willow cuttings will be planted.

Cost. The original cost estimate to plan, design, and construct the project was $124,000 plus $20,000 for
data collection and analysis. Inflation and more detailed studies have increased the cost estimate to
$150,000 plus $20,000 for monitoring the project for three years and $7,000 for preparation of the final
report , a total cost of $177,000.

Monitoring Program. The project will be monitored on a regular, frequent basis by personnel from the
Eureka Field Office (about 25 miles northwest of the project). in addition , personnel from the District
will visit the project about four times a year. Monitoring will primarily consist of taking photographs,
surveying the riverbank, reading groundwater levels, reading staff gages and a crest-stage gage, taking
velocity measurements along the project , and noting direction of currents and eddy characteristics.

Status. A public notice was distributed in February 1978. The basis of design and the monitoring
program were submitted for approval in March 1978. The subsurface exploration progra m and the
preconstruction surveys, which had to be delayed due to poor weather conditions, were~ nducted in
March 1978. Plans and specifications were completed in June and construction is scheduled to begin in
mid-August and be completed in October 1978.
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Streambank Eros ion Control Evaluation and
Demonstration Act of 1974

CONNECTICUT RIVER AT
HAVERHILL , NEW HAMPSHIRE ,

DEMONSTRATION PROJECT

Problem. The left bank of the Connecticut River in the project area is 7 to 22 ft above the normal water
level and it erodes at an average rate of about lOft per year. The lower banks are inundated by the annual
spr ing high water and the whole bank is inundated by unusually high spring flows. The land being lost is
prime farmland , and there is a likelihood that a continuous erosion of the low banks will result in a new
channel cut and the loss of some 60 acres of farmland in two ownerships.

Protection. The total project length including tie-ins is 2600 ft (Plate H4). Five techniques of bank
protect ion, described below and shown in Plate H5, will be installed in bank reaches of approximatel y
500 ft each:

a. Gabion mattresses 12 in. thick will be placed from the underwater toe of the bank to a point 3 ft
vertical above the normal waterline. Filter fabric will be used on one half of this reach. The bank
above will be dressed to its natural slope (IV on l.5H) and seeded.

b. A matting of interlocked rubber tires will be placed on the underwater slope from the toe up to a
point 3 ft above the normal water surface. The tires in one half of this reach will be filled with
rock. The bank above will be dressed and seeded to its natural slope (IV on l .25H).

c. Sand-and-cement-filled paper riprap bags will be placed against the underwater portion of the
bank up to a point 3 ft above the normal waterline. Filter fabric will underlie the bags on one
half of this reach. The upper bank will be formed t.o a IV-on-2H slope and seeded.

d. The underwater bank will be re-formed to a I V-on-2 H slope and overlaid with baled hay which
is contained by a wire mesh. The upper bank will also be formed to a lV-on-2H slope and
overlaid with baled hay which is contained by a wire mesh. The upper bank will also be formed
to a l V-on-2H slope and seeded.

e. The final section will remain in its present condition below the waterline. The upper bank will be
formed to a lV-on-2H slope and seeded.

Cost. Total project construction cost is estimated at $190,000.

MonItorIng Program. Primary observations include a topographic survey (I in. 20 ft . I-ft contours)
along the top of bank to the waterline. Fathometer sections of the river bottom have been taken on 50-ft
centers. Subsurface soil samples have been taken at four locations to a depth of 30 ft and provisions have
been made so that continuous water-level recording devices can be installed in the boreholes.
Preconstruction photographs are shown in Plate H6.

Status. Construction was scheduled to begin in May 1978.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

PEARL RIVER AT
MONTICELLO , MISSISSIPPI ,
DEMONSTRATION PROJECT

Problem. Bank caving along the Pearl River at Monticello , Mississippi , is of major concern. Several
buildings and a boat ramp are threatened by steady erosion which is attributed to direct current attack ,
hydrostatic forces induced in slopes after periods of rapid stage recession , and local drainage.

ProtectIon. Three sites are in particular need of protection. For protection of site I , dumped rubble
consisting of stone, concrete, masonry, brick , and/or asphalt will be utilized. Site 2 will be protected
with used tires placed over and around existing vegetation and fastened together with wire ties to form a
tire-mat. Deadman anchors will be used to hold tires on the slope. For protection of site 3, concrete
blocks will be used, positioned with cells up to encourage the growth of vegetation. The blocks will be
laced with wire and stakes in an approximate 10-ft grid system. The intended function of these different
types of protection is to form a protective barrier against direct current attack and~ to a lesser extent ,
against local drainage . Effective stabilization of bank sections which are failing due to hydrostatic forces
acting within the soils during or after periods of rapid stage recession may not be possible, however,
unless slopes are flattened. The site location of protection works is shown in Plate H7 and section details
of protection used at each site are shown in Plate H8.

Cost. Tota l estimated construction cost of site 1 protection is $66,000 or about SI 65 per bank-foot; site
2 is $56,000 or about $140 per bank-foot; and site 3 is $56,000 or about $280 per bank-foot.

Monitoring Program. The preconstruction observations for each site include visual inspections , cross-
section surveys, and photography (Plate H9). Velocity, stage frequency , and rating curves were
furnished in a previous report to the Steering Committee.

Status. The construction drawings have been completed and specifications have been written.
Construction of the project was scheduled to commence in June 1978 and to be completed in October
1978.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

ROANOKE (STAUNTON) RIVER
NEAR LEESVILLE , VIRGINIA,
DEMONSTRATION PROJECT

Problem. Portions of both banks in a reach I to 5 miles below the Leesville Dam are eroding at a
substantial rate. Maximum width of erosion since about 1960, when the dam was built , is about 150 to
200 ft. Bank material is silty sand alluvium , and bank height ranges from about 8 to IS ft. Leesville
hydropower dam releases water two to three times daily for several hours’ duration and the stages vary
from 0 to lOft. The continuous wetting and drying of these erodible soils seems to be the prime cause of
bank erosion.

Protection. Three physically separated sites (Plate H 10) will receive treatment. Each site will be graded
to form a new I V-on-3H slope treated with seed, fertilizer, and protect ive covering. Each site will also
have a rock toe with rock groins, extending into the river SO ft , spaced approximatel y 100 ft apart. Site A
will receive three types of protection (Plate h II ) ,  each covering 450 ft of bank. Type I protection is a
rubber tire mattress with the tires tied to each other and anchored. Type 2 protection is a series of
wooden fence groins spaced 20 ft apart. Type 3 protection involves the placing of horizontal drains
within every 10 ft of bank. Site B has about 400 ft of type 3 protection (drains), with an additiona l SO ft of
grading at each end. Site C has 300 ft each of type I (tire mattress) and type 2 (groins) protection.

Cost. Construction cost of the total of three sites (2,600 bank-feet) is estimated at $255,000, or about
$98 per bank-foot. Design and inspection will cost an additional $20,000.

MonItor ing Pr ogram. Observations include stage-discharge data in the tailwater of Leesville Dam ,
USGS stage-discharge data at Altavista (15 miles below dam), baseline surveys, velocity distribution ,
visual inspections, periodic ground and aerial photography, and measurements from baseline points to
top of bank (Plate H 12).

Status. Design is under way and draft plans and specifications were submitted for review about 1 June
1978 concurrent with advertising. Monitoring has started . Wilmington District currently (31 May 1978)
has only sufficient funds to accomplish work on site A. Construction scheduled for FY 78, with
advertising for bids on site A work on 15 June 1978, award 24 July 1978 , construction complete on 15
October 1978. If additional funds become available, sites B and C could be advertised and awarded
separately, or as an amendment to the contract to accomplish work on site A.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

ALLEGHENY RIVER NEAR
WATTERSONVILLE , PENNSYLVANIA ,

DEMONSTRATION PROJECT

Problem. The right bank of the Allegheny River approximately I - I / 2 miles downstream of
Wattcrsonville, Pennsylvania, and immediately upstream of Lock and Dam 9 (Plate H 13) is actively
eroding a number of residential properties. The bank is variable in height and is composed primarily of
highly erodible fine-grained soil. In addition to other natural influences on the riverbank , the upper
Allegheny River also develops massive wintei~ ice floes which gouge soil from the riverbanks.

Protection. Approximately 2000 ft of riverbank will be protected by schemes designed to resist ice
gouging. Although the final protection schemes to be used have not been selected, two potential schemes
are illustrated by Plate H 14.

Cost. Construction cost of this project is anticipated to be approximately $133,000.

Monitoring Program. Dimensional changes, hydraulic conditions, and atmospheric conditions will
be monitored. Visual observations, automatic and manual measuring devices, and periodic
photography will be employed. Plate H 15 shows photographs of the site.

Status. Avenues for securing local sponsorship are being sought.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

IOWA RIVER AT
WAPELLO, IOWA ,

DEMONSTRATION PROJECT

Problem. The right ban k, upstream of State Highway 99 Bridge (Plate H 16), has been erod ing at a rate
of I to 2 ft per year in the area where the river makes approximately a 90-degree bend. The area of bank
erosion includes nearly the entire riverfront of the city. The rate of erosion is controlled by the rate that
the Iowa River flows can lear away the clay which makes up the lower portion of the riverbank. The
Wapello community and individual property owners have placed la rge quantities of rubble along the
riverbank. These efforts have reduced the erosion rate but they have not eli minated the problem. The
high-bank land is 25 to 30 ft above the normal river levels and is not subject to inundation.

Protection. The protection pla n consists of a combination of permeab let imberjetties , erosion control
mat , and steel jacks. The jetties consist of steel pipe pilings 8 in. in diameter , at approxi mately I S-ft
inte rvals at each jetty alignment. Timbers are 2 in. by 8 in. mounted on I -ft centers to horizontal steel
pipe to form 6- by 6-ft panels. These panels are mounted on the steel pi pe piling. The jetties are designed
and spaced along the riverbank to direct flows to the center of the channel. The erosion control mat is a
fabric sack pumped full of mortar to form a mat approximately 4 in. thick with filter points to relieve the
uplift pressure. The mat is designed to protect the bank against erosion during high flows. The steel jacks
consist of three steel ang les bolted together at the midpoint of the ang les. Steel w ire is laced het %%ce n th c
angles at equal spacing. These jacks are connected by steel cable and anchored with deadmen along the
length of installation. The steel jacks are placed to stabilize the toe of the slop ing bank. The layout of the
protectio n works is shown in Plate H 16 and the details in Plate HI 7.

Cost. Construction of the project is estimated to cost $210,000.

Monitoring Program. The preconstruction monitoring Consists of visual inspections , baseli’ie and
special cha nnel cross-section surveys, velocity measurements , and groun d level photograp hs. After
construction and annuall y these same monitoring devices will be used along with obli que aerial
photographs. Preconst ruction photographs are shown in Plate H 18.

Status. The construction contract for tl-.~. project was scheduled for advertisement in May I 978 and bid
opening was held on 6 June 1978. The project construction is scheduled for completion September 1978.
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Streambank Erosion Control Evaluation and
Demonstration Act of 1974

WHITE RIVER AT
DES ARC, ARKANSAS,

DEMONSTRATION PROJECT

Problem. The town of Des Arc, Arkansas, is located on the west bank of the White River ,
approximately at river mile 143. The area proposed for the test sections is a 1200-ft reach of bank
approximately 2000 ft downstream of the highway bridge (Plate H 19). The most serious caving began
after the high water in 1973, intensified in the spring of 1974, and has continued at both high and low
stages since that time. There is presently a vertica l face of 10 to IS ft with a gradually sloping and very
unstable shelf to the water’s edge. A tension crack develops behind the top bank and a large section of
ban k shears off, leaving a vertical face. This section of bank then gradually moves toward the river.
Views of this vertical bluff are shown in Plate H2 1.

Protection. Final plans for protection will depend on the results of a soils study to be conducted at this
location. Presently four different erosion control measures are proposed for testing. Each section will
cover approximately 300 linear feet of bank. The vertical bank will be graded to a stable slope. The shelf
below will not be graded and no protection will be placed in this area . This grading operation will be
essentially the same for aft four sections. Stone protection will be placed at the toe of the slope along the
entire length of bank. Section 1 beginning at the upstrea m limit of the caving will make use of old tires
for bank protection. The tires will be laid flat and tied together in both directions and also tied to anchors
placed in top bank. The voids created by laying the tires flat will be filled with crushed stone. Section 2
will be the test section for Fabrifonn. Fabriform is a preformed mattress fabricated from bulked nylon
filament that provides a permanent encasement for the grout which is injected into the mattress. When
injected with the grout , the mattress forms small squares of concrete approximately 4 in. thick that are
interconnected to form a continuous concrete blanket which conforms to the underl ying subgrade. Soil-
cement will be used in section 3. The soil-cement will be mixed and compacted on top bank. After partial
curing, the soil-cement will be broken into small blocks and allowed to finish curing. It will then be
placed on the bank to obtain a 12-in, thickness. Old tires will be used in section 4. This will be similar to
section I; however, filter cloth will be placed under the tires and no crushed stone will be used. Locations
of the sections are shown in Plate H 19 and typical cross sections in Plate H20.

Cost. Estimated construction cost for all four sections is $602,000. An additional $100,000 is estimated
for engineering and design, supervision and administration , and monitoring, and $35,000 for the soils
study; this brings the total estimated Cost of the project to $737,000.

MonItoring Program. Such data as hydrographic and topographic surveys, aerial photographs, stage
and discharge, current velocities, and directions will be taken. Visual inspections will also be made
periodically.

Status. Final plans are dependent upon the results of the soils study. The scheduled completion of
construction is December 1978.
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United States Department of the Inter ior
FISH AND WILDLIFE SERV ICE

~ I..
?4AIL1NC ADDP.F~SS STI WET LOCATION

Pu.: offr~ s.~. ~-I4 ’~ io.ili .‘ ,. e Sam A,dUIi.~
D,... ’ Fed.’.aI Ce.us~ 

L.*e.oud, Cu,,’ed,
NEPLY REFCR TO ~~ Cok.rad.. 80225 Aaou ?~ 

F~de~o~ C~’Uv,

M~Y Z 6 1978

Colonel James W. Ray , U.S.A.
District Engineer
U.S. Ar~~ Corps of Engineers
6014 U.S. Post Office and Court House

-
- 

- Omaha, Nebraska 68102

Dear Colonel Ray :

Enclosed is our interim Fish and Wildlife Coordination Act report on the
Streatnbank Erosion Control Evaluation and Demonstration Project, Missouri
and Ye1l~~stone River’s. We have considered your ccsrsrents and made
changes wherever appropriate.

This report does replace the ~1anning aid letter aimed at assisting the
Corps prepare its interim report. We will, of course , provide additional
assistance as appropriate in the form of planning aid letters and other
inputs as work on the project continues, and provide a final Coordination
Act report in 1981.

If there are specific points in our report that you would like to discuss
in detail , please contact us.

C. ~~~~~~
Regional Director

CONS!RV!

Save Energy and You Serve America!
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United States Department of the Interior
. FiSH AND WILDLIFE SERVICE

•
MAILING ADDRA.SS. STREET LOCATION
Pc.: Ofi’:c. sox 2-i4$6 10597 Woo: S~.ffi Ac.ac.

- Dc,w., hduuI CI.UO? Mhc.4~~. CoIo,od.IN 8(PLY NCFIA TO- De,we,. CoIo,p.do 80225 Ace... Pod.’.! CoUp,

-
M~Y 2 6  l~78

Colonel James W. Ray, U.S.A.
District Engineer
U.S. Arsrg Corps of Engineers
6014 U.S. Post Office and Court House
Omaha, Nebraska 68102

Dear Colonel Ray:

The purpose of this letter is to outline the views and concerns of the
Fish and Wildlife Service regarding the Streaznbank Erosion Control
Evaluation and Den~ nstration Program on the Missouri and L.cwer Yell~ .zstone
Rivers. It is an interim report prepared Under the authority of the
Fish and Wildlife Coordination Act, 16 U.S.C. 661; et seq., and is
provided you at this tii~ to accompany the Corps of Engineers ’ interim
report on the Den~nstration Program when it is su~initted to Con~~ess , in
accord&ice with 16 U.S.C. 662(b). We understand the Corps’ interim
report is being prepared by the Waterways Experiment Station and the
Office of the Chief of Engineers.

The States of Montana, North Dakota, South Dakota, and Nebraska have
reviewed the report as it pertains to their respective States. The
North Dakota Game and Fish Deparbr~nt , South Dakota Departh€nt of Game,

- 
- Fish, and Parks , and Nebraska Game and Parks Cc~rvnission have concurred

in the report as is indicated by the enclosed letter’s. Another Fish and
Wildlife Coordination Act Report will be furnished to you in 1981
for inclusion with your final study report to Congress .

- 
:- The State of Montana has completed a separate report on the effects of

the Den~ nstration Program on the Lc*ier’ Ye1l~~stone River in Montana . We
understand that docunent , which has our infori~~l concurrence, has already

- - been forwarded to you.

Legislative Background

Initial authorization of the Missouri River’ Derronstration and Evaluation
project was granted under Section 32 of the Water Resources Development
Act of 1974 . This Act directed the Chief of Engineers to:

a. Evaluate the extent of strearr~ank erosion nationwide.

12 



b. Develop new methods and techniques for bank protection and
research on soil stability and identify the causes of bank erosion .

c. Prepare a report to Congress on the results of such studies and
recceiiend means for the prevention and correction of streaxrt ank erosion.

d. Cons-tnict denonstration projects, including bank protection
works, at a minim’jn at multiple sites on

(1) the Ohio River ;

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

(3) that reach of the Missouri River in North Dakota at or
belc~.i the Garrison Dam; and

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

Section 155 of P.L. 94-587 amended the original Act by adding two additional
reaches for construction of derronstration projects. These are:

a. the delta of the Eel River in California , and

b. the Lover Yellowstone River from Intake, Montana , to the nouth
of that river.

This section also increased the funding level from $25 million to
$50 million.

Section 161 of P.1.. 94-587 further amended the original Act by listing
21 specific sites below Garrison Dam where denonstration sites may be
constructed . It required an interim report to Congress by September 30 , 1978,
and extended the date of the final report to Congress fran June 30, 1978,
to December 31, 1981.

Although the original Act has been amended, the original purposes of the
Act have not been changed.

Description of Project

For purposes of this report , the “project area” is considered to be the
Lower Yellowstone River fran Intake , Montana , to its nouth and noving

13
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water reaches of the Missouri River fran Garrison Dam to Lake Oahe , fran
Fort Randall Darn to Lewis and Clark Lake, and Gavins Point Dam
to Sioux City , Iowa.

Under authorization granted by Congress in 1963 and 1968 , bank protection
works have been canpleted in three areas arid are under construction in
four nore on the stretch of the river between Garrison Dam and
Bismarck , North Dakota . Generally , structures built at those sites are
extensive. They are much like structures built to support barge traffic
on the Lower Missouri . For instance , at the nor~ria]. waterline , rock
jetties m a y  be 10 feet or sore out of the water and several hundred
yards long. Wing dams and other types of flow deflector’s are the rule
rather than the exception . Approxiir~ tely 30 miles of the bankline will
be controlled by structures at these sites.

Amendments to Section 32 in 1976 authorized 21 additional sites on the
Missouri River in North Dakota. Construction at these sites would
control another 20 to 25 percent of the bankline. The big difference
between construction at these sites and the original seven sites is that
new “soft techniques” are to be employed . These include tree retards,
windr~~ revebients , composite revetments, flow control structures, vane
dikes , and hardpoints . These new techniques are expected to be less
costly and sore environmentally compatible than the old ones .

On the Missouri below Fort Randall Dam, projects were planned initially
at six sites , three on the Nebraska side and three on the South Dakota
side of the river , each covering 3. to 3 miles of eroding bankline. They
were to include a variety of structures of less traditional desigu or
materials. The six projects were to be constructed and then the environmental
lirpacts were to be evaluated.

In August 1977, Congress appropriated $2 million for bank stabilization
structures at three sore sites between Fort Randall Dam and Sioux City , Iowa;
at Sunshine Bottom below Fort Randall Dam; and at Goat Island and Ions Bend
below Gavins Point Dam. Local interests have clearly identified intentions
to seek additional erosion control projects each year until the entire
erosion problem is solved.

Amen~~~nts to the original authorization called for erosion control
denonstrations at multiple sites on that segrent of the Yellowstone
between Intake, Montana, and the river’s south in North Dakota. The
Fish and Wildlife Service provided ccevr~ nts on a proposal that outlined
2’+ “projects” in a letter to the Corps dated August 15, 1977. In that
letter, we pointed out potential iirpacts, indicated concern about the
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need for the work, arid suggested that many planning sites , in fact , were
unsuitable for the purpose intended . Current planning for the Lower
Yellowstone portion of the program calls for construct ion of three sites
as a high priority desonstration program.

General Description of Area

Yellowstone River

Emerging from the northern boundary of Yellowstone National Park , the
Yellowstone River flows easterly through Montana for approximately 540
miles before entering North Dakota . In North Dakota the river flows
some 20 miles prior to its confluence with the Missouri River: Throughout
this distance the river is free of main stern reservoirs . Several
tributaries to the Yellowstone are controlled by dams , the nost notable
of which is Yellowtail Dam on the Bighorn River. Several irrigation
diversion darns extend across the channel of the Yellowstone River and
seasonally divert water to irrigable lands . The rrost downstream diversion
is at Intake, Montana , approximately 70 river miles upstream from its
south . The denonstration sites under consideration are all downstream
of this structure .

Despite the tributary dams , the Yellowstone River is essentially sri
uncontrolled free flowing river. Accordingly, the lower river fluctuates
seasonally in discharge and characteristically carries a wide range of
flows . Generally , the low flow periods occur during the winter and late
surrn~r months. ice jams are camon and the grinding action of ice often
results in bottom scou~ and alteration of the bankline. However, the
bulk of the bank erosion occurs during the spring runoff period ~.then
bankfull flows predominate for several weeks. Flooding also occasionally
occurs fran rapid melting of an above average snowpack.

Roughly the lower 50 miles of the valley lie in the glaciated plains
region. Except for occasional lenses of bedrock scattered throughout
the area the soils within the confines of the valley are principally
alluvium and or other easily erodible material. The rate of lateral
erosion is conditioned to some degree by the stability afforded by the
root structure of streainside vegetation.

The hydrolo~ r of the basin , the hydraulics of the channel, plus the
erodibility of the soil, allow the river to wander back and forth
across the valley. Accordingly , the riverine and flood plain ecosystems
have also developed naturally and their maintenance is largely dependent
on these processes .
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Although a site specific observation may indicate extensive erosion
engulfing soil and bankline vegetation , checks arid balances interplay
spatially (such as over the lower 70 miles) to maintain relatively
stable ecosystems. A free flowing stream system such as the Yellowstone
is self-perpetuating, maintaining the integrity of the natural ecosystems
arid providing a wide range of habitat conditions suitable for a diversity
of plant and animal species. Essentially , this stable system can only
be interfered with by manmade projects or land management practices
which impede or accelerate channel formation and adj us1~~ nt processes.

Because of the characteristics outlined above, lateral erosion in the
Lower Yellows tone River is relatively coniron . This phenomenon creates
meandering, straight , and braided stream reaches and maintains overall
channel length. This condition preserves the quantity of water surface
and associated habitat for aquatic species , and thereby maintenance of
acuatic ar±ral populations . The variable channel conditions also provide
a wide array of water depth-water velocity combinations which is desirable
to maintain a good variety of fish species.

Associated with the braided channels is an extensive anount of wildlife
habitat in conjunction with the “edge effect” afforded by the water-land
interface si-id the large quantity of water surface. Since discharge is
split in such areas the water depth-water velocity combinations add to
the variability of the aquatic habitat in the system. Also as the river
meanders , oxbow lakes and backwater areas often develop. These areas
are “recharged” with water during the spring runoff . Maintenance of
such areas is also related to sunii~ r freshets.

The river channel also contains numerous lateral , point , and central
bar’s comprised principally of sand and gravel materials. These bars are
exposed during low flow periods .

Water quality of the Yellowstone is generally good. There is some
degradation of quality downstream fran the cities , stexrming largely fran
domestic effluents. Water quality is also adversely irrpacted in lower
reaches during late sunrxer by the introduction of sediment , turbidity ,
and warm water fran irrigation return flows. During the spring runoff
period , the river is generally quite turbid and carries a heavy sediment
load. Much of this sedijr~ nt results naturally because of unstable soils
within the drainage network. This generally increases as one proceeds
downstream. However, prevailing land use practices throughout the
watershed also appear to contribute significant quantities of sediment,
from both overland erosion and increased bank erosion on tributaries and
the main stem.
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Missouri River from Garrison Dam, North Dakota , to Sioux City , Iowa

Unlike the Yellowstone, the Missouri River in the project area is
controlled by several main stem reservoirs . These include Garrison Dam,
Oahe Dam , Big Bend Dam, Fort Randall Dam, and Cavins Point Dam. From
the headwaters of Lake Sakakawea (Garrison Dam) to Sioux City, Iowa, a
distance of 836 miles, the main stem reservoirs occupy nore than
620 miles of the river valley. Open reaches of river exist between
Garrison Darn and Lake Oahe (87 miles), between Oahe Dam and Lake Sharpe
(5 miles), between Fort Randall Darn and Lewis and Clark Lake (‘45 miles),
and between Gavins Point Darn and Sioux City , Iowa (79 miles).

As a result of dam construction , flooding outside the present channel
banks has been largely eliminated . In addition , bottom degradation has
occurred and continues to occur in many parts of the study reaches .
Below Garrison and Fort Randall Dams , water levels fluctuate as a result
of changes in power production.

Nevertheless, except for stabilized sections below Garrison Darn and
below Ponca , Nebraska , each of the study reaches has many characteristics
of a pristine Missouri, although in varying degrees . The river is split
into multiple channels in many locations, at least when flows are reduced,
and is free to meander anong sandbars , marsh areas , and islands within a
channel that ranges to over 6,000 feet wide. The river sometimes flows
between higher river bluffs or through stands of riparian bottomland
hardwoods occupying the adjacent flood plain .

Less than 200 miles of the Missouri River from the upper end of
lake Saicakawea to its oonfluence with the Mississippi——some 16,000 miles——
still have these characteristics. Most of the river above Sioux City, Iowa,
is impounded and the river below Sioux City has been reduced to a channel
that serves few purposes other than con~~rcial navigation. All but
5 miles of the nearly 200-mile remnant are currently included in Bank
Erosion Control and Denoristration Program.

Description of Existing Fish and Wildlife Resources

Yellowstone River

The lower 70 miles of the Yellowstone River below Intake , Montana, are
lo-lown to be inhabited by approximately ‘40 species of fish. Because of
relatively war~ water temperatures during late sunirer , the Lc~.jer
Yellowstone is often referred to as supporting “warm water” fish species.

Very few salmonids occur this far downstream. However, some of the
species in the lower river are also found in cooler water environments.
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Popular game species in the L~wer Yellowstone included walleye, sauger ,
northern pike , paddlef ish , shovelnose sturgeon , burbot , and channel
catfish . Goldeye , smal]jiouth buffalo, carp , shorthead redhorse , longnose
sucker , and river carpsucker are other prominent components of the
aquatic ecosystem. The rare pallid sturgeon is also found in the river.
These species require diverse habitats, attesting to a diversified
habitat base in the L~~er Yellowstone River.

Paddlefish and walleye spawning activities occur in the lower river in
open water with certain water depth , water velocity , and substrate
requirements. Channel catfish and various cyprinids probably use side
chan nels for spawning and rearing activities . In fact , nost of the
species listed above spawn either in the Yellowstone, or in its tributaries
or’ both .

Approxisr~ tely 25 species of mayflies, stonef lies, and caddisflies provide
food for goldeye, channel catfish, freshwater drum, young sauger , young
burbot , and other fishes. Backwater areas are particularly desirable
feeding areas for sauger arid burbot .

Because of an interconnected drainage network, the Lc~zer YellowstoneRiver , the Missouri River in Montana and North Dakota downstream from
- - Fort Peck Reservoir , and Lake Sakakawea in North Dakota , are not

comparUrentalized ecosystems in terms of aquatic species. Each system
has its own “unique” attributes and a few fish species may be found in
only one of these areas or may exhibit only localized seasonal novements.
However , other species “winter over” in the reservoir and then migrate
up the Yellowstone and ~Missouri River systems during spring f or spawning
and rearing purposes. For this reason, maintenance of both the reservoir
arid stream f ishery resources is highly dependent on the maintenance of
spawning and rearing habitat in the rivers and their tributaries. The
spring paddlefish run of the Yellowstone River, probably one of the
largest in the country in ter~ns of fish numbers , is an example.

Terrestrial wildlife along the river is dependent on the extent , diversity ,
and types of riparian vegetation present . The nat~~e of this vegetation
is also nolded in significant degree by hydraulic and hydrologic processes.
Riparian plant coninunities in the L~~jer Yellowstone range from those
representing very early successional stages to representations of quite
late stages of’ development. Because of elevational differences in a
point bar from the water’s edge landward, these areas are suitable for
the genesis of vegetative succession. Vegetation representing an early
successional stage, often annual plant species , develops near the river.
As erosion of the opposite bank progresses and the river channel rroves
laterally , the bar becomes less and less subject to inundation. This
provides for a sequential development of vegetation over time. This
example represents a simplified but typical sequence in the developmental
process of soil and vegetative types along the river .

18
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On the other hand , in the area of active erosion this “raw bank” provides
sore habitat conditions favorable to certain strearnside dwelling maninals .
In addition, the trees and brush eroded from the bank become integral
parts of the aquatic ecosystem by providing areas of cover for fish.
They also provide a source of energy to the system. The dislodged trees
themselves may, over time, affect the hydraulic processes and become
ij i~ortant in initiating the development of central bars and , subsequently ,
island areas. Accordingly , naturally eroding areas is one of the fundamental
processes at work within the confines of the flood plain to maintain the
integrity of the ecosystem.

Because of the diversity of vegetative types and successional vegetative
stages , as already described , a wide variety of terrestrial wildlife
species inhabit the Lewer Yellowstone area. Large populations of white-
tailed deer , mule deer , and pheasant occupy bottom lands and island
areas. These areas provide year-round habitat for these species , as
well as important winter cover for pheasants. Waterfowl, such as Canada
goose, mallard, blue-winged teal , and merganser, conm~nly use the
Yellowstone River and adjacent land areas during spring, sumner, and
fall. Gravel bars provide loafing and foraging areas for some species
of waterfowl and shorebirds. Some of the islands are used for nesting
by the Canada goose. Backwater areas arid adjacent riparian vegetation
are sites cca~ionly used by mallard and other species of waterfowl for
the sane nesting purpose.

Because many of the areas are canprised of vertically stratified
vegetation , many species and large numbers of songbirds seasonally use
the area. The bald eagle , an endangered species , and other birds of
prey are also camon ii*iabitants .

Besides deer, a number of other mmrrnals are found throughout this
section of the Yellowstone. Carui~ n species include beaver , mink , mus]a’at ,
raccoon , badger , coyote, weasel , cottontail rabbit , and a variety of
ground squirrels .

The black-footed ferret is the only endangered rnanu~l which may be found
in the flood plain of the L~~er Yellowstone and Missouri Rivers . Little
is ~ciown about this species ; however, there is a relationship between
black-footed ferret and prairie dog towns. Therefore , all prairie dog
towns should be considered as possible ferret locations .

Reptiles and amphibians include several species of turtles , toads ,
frogs, snakes , and the tiger salamander .

L 
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Missouri River

The Missour i River between Garrison Dais and Lake Oahe supports a fishery
containing 54 species of fish represent ing 16 families. Aquatic productivity
below Garrison Dam is low because of the cold water releases at the dam
and the unstable nature of the channel bottom. In addition , fluctuating
water levels , the result of power production, prevent the establishment
of rooted vegetation on bars and points . In spite of these shortcomings ,
the river provides an excellent sport fishery for walleye, trout , and
northern pike. Much of this fishery is dependent on recruitr~nt from
Oahe Reservoir and amiual stocking by the North Dakota Game and Fish
Departnent .

The terrestrial habitat found along the Missouri River is some of the
best in the State . Recent estimates by the North Dakota Game and Fish
have indicated there are 3,655 deer on the Missouri River flood plain
downstream of Garrison Dam. In addition, a majority of the statewide
turkey harvest occurs in this stretch of the river . Pheasants , squirrels ,
rabbits , and various furbearers provide other recreational opportunities
for sportsmen fran many areas , both rural and urban alike. Canoeing is
another recreational activity on the riverS that is drawing irore participants
every year. The North Dakota Parks and Recreation Deparbnent estimates
that approximately 2 ,000 canoeists took to the Missouri River downstream
of Garrison Dma last year . This number is expected to increase dramatically
as this recreational pastime continues to attract followers . Scenic and
other aesthetic qualities associated with the basin are enjoyed by many
people . It is readily apparent that the Missouri River Valley provides
quality recreational experiences for many thousands of people annually .

Bald and golden eagles make use of the Missouri River flood plain for
nesting , as a wintering ground , and as a major migratory route north and
south . Especially heavy use is made of the Karl Mundt Eagle Refuge ,
below Fort Randall Dam. As many as 200 eagles congregate in this area
during the November-February period . The eagles ’ principal food is fish
which during the winter are readily available in the project tailwaters
and ice-free river downstream. Use is also made of the mature flood
plain forest as a shelter against winter storms.

U.S. Fish and Wildlife Service personnel (North Central Reservoir
Investigations) conducted a study in 1976 of the fish conrnunities in the
Missouri River below Fort Randall and Gavins Point Dams . It is evident
from the study results that riost of the 46 fish species that were collected
utilized several habitats during their life span , and that disruption of
any portion of this system of habitats would adversely affect the fish
corrinuinity . Backwater and marsh areas appeared to be of particular
importance , since over 50 percent of the species used them as spawning
and nursery grounds.
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In addition a very important fish spawning area is located between
Fort Randall and Lewis and Clark Lake near the State line between Nebraska
and South Dakota. This area is important in that it is pert~aps the only
spawning area of significance in this stretch of the river and is believed
to supply such of the fishery for the Missouri River between Fort Randall
Dam and Lewis and Clark Lake. Young fish fra n this spawning site nay
well contribute to the fish population in the Gavins Point Dam tailwaters
and possibly further downstream.

A recent study conducted by the South Dakota State University , using the
Fish and Wildlife Habitat Evaluation Procedures indicates the relatively
high value to wildlife of the flood plain habitat along the river below
Fort Randall Dam. Based on a scale of 1 to 10 with 10 being excellent ,
the average habitat value for the five habitat types rated was 7.2.

Potential Impacts--Stream Control Devices

Yellowstone River

- 
- Bank stabilization has the potential for damaging or destroying aquatic

and terrestrial habitat. For example, structures on the Yellowstone,
if used extensively , could effectively reduce lateral erosion and stream
length . These activities could eliminate some islands , reduce the rate
of development or formation of new islands , restrict the ancunt of land-
water interface , reduce the diversity of riparian vegetation by elirrinating
or limiting successional phases, and decrease water surface acreage,
thereby directly affecting quantity and quality of aquatic habitat .

Even structures at only. a few sites have the potential for extreme
damage. Since the system equilibrium is affected , stream channel changes
may take place in areas upstream or downstream of a site. Accordingly ,
cumulative impacts may accrue due to the loss of “new” areas which would
have been created over tire and also because additional projects may
subsequently be required to stabilize the bank in newly affected areas .
This latter process would lead directly to further irodification and
reduction in habitat.

Stabilization of the bankline also appears to encourage additional land
clearing . This results in a direct loss of riparian habitat and further
reduces bank stability. This further precipitates the entire “erosion
control” cycle. Based on visual evidence, recent reconnaissance of the
Lower Yellowstone River suggested that land clearing (past and present )
is si~~iificant1y influencing erosion rates along the bankline. Previous
attempts to use local structural measures to control bank erosion also
appear to be a factor.

III
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• The Missouri River

On the Missouri , actions which reduce channel widths , eliminate oxbows,
reduce bank cover or streamside canopy , eliminate well-developed island
habitat, result in the loss of terrestrial riparian habitat , or otherwise
reduce habitat diversity will result in losses of fish and wildlife and
associated environmental values.

Loss Prevention Potentials

Riverine habitats such as those in the project area have became and are
becoming increasingly scarce in much of the West and in many other parts
of the Nation. As a result, those remaining have a high value and axe
becoming increasingly valuable.

Actions to - solve bank erosion problema have the potential for preserving
these habitats. However , they also have the potential for destroying or
significantly damaging them if carried to extremes or carried out without
sensitivity to environmental values . Measures can be taken to prevent
or reduce losses or preserve and restore these environments.

High value riparian terrestrial habitats can be protected in some
instances by installing appropriate erosion control devices in specified
locations. However , this action itself can precipitate land clearing
when carried out to protect private land . Therefore , it must be followed
up by acquisition in fee or easement to place these habitats in public
ownership.

In other instances , no ‘action at all , or acquisition of adjacent eroding
lands , may be the least-cost alternative to solving a bank erosion
problem while at the same time maintaining the existing riverine
ecosystem. Such action would not only maintain the diversity of terrestrial
habitat adjacent to the river , but would preserve aquatic habitats as
well. This may be nost applicable to the Yellowstone where essentially
balanced erosion and accretion are an ongoing phenomena and where lateral
erosion itself contributes to the quality of fishery habitat . This or

• another nonstructural alternative could emerge as the best solution as a
result of studies of the causes of erosion.

In the reach below Garrison Dam, the existing, rather massive structures
may be nodified to restore habitat . Other methods for improving habitat
may emerge as a result of further study .

We recognize that some structures will be necessary. However, wherever
structures are built , they should be of the “soft” type--no nore than
necessary to check erosion--and installed with due regard to potentials
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in
for changing instream hydraulics which could affect aquatic environmental
values. They should not reduce channel widths , nor eliminate oxbows ,
nor should they induce erosion at new locations that will require additional
structures.

Proper maintenance that will allow the reestablishment of native
vegetation on structures will not only provide wildlife and fishery
habitat but will meet aesthetic criteria as well. These potentials can
be developed by incorporating these fish and wildlife environmental
concerns into the study and planning process .

Discussion

Bank stabilization on the Yellowstone and on the three remaining moving
water reaches of the Missouri River within the project area can have
significant impacts on fish and wildlife and associated habitats.
However, these impacts can be prevented or reduced , and there may be
ways that habitats can be improved or restored . These potentials cannot
by realized unless the Bank Erosion Control Evaluation and Demonstration
Study is carried out as authorized and specific steps taken to prevent
or reduce adverse effects on the environment.

In view of the purposes of the project, as stated in the Act and as
substantiated by its legislative history, we axe unable to view it as
any more than a feasibility-level study to determine the extent and
causes of and new methods and techniques for bank protection, with
authorization to construct a limited number of erosion control structures
for evaluation and demonstration.

This was the initial approach applied to the reach below Fort Randall Dam.
Fish, wildlife, and recreation interests familiar with that reach
recognized the potential of this program to develop into a comprehensive
bank stabilization program which, if implemented , would degrade the
natural beauty and alter the ecological regimen of these river seWrents.
These interests soi.~ght and received assurances that the demonstration
and evaluation program would not progress beyond the initial six
demonstration sites without a full evaluation and Environmental Impact
Statement and that it would not evolve into a comprehensive stabilization
program. Colonel Russell A. Glenn , District Engineer , in his letter of
January 15, 1976, to the Fish and Wildlife Service , stated , “The work to
be perfonmed is a research , development , and demonstration effort to
develop methods and techniques to control streambank erosion . It is not
designed as an operational authorization to correct all of the erosion
problems between Fort Randall Dam and Sioux City .”
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Upon receiving such assurances , conservation interests agreed that
construction of the initial six demonstration sites was a minor Federal
action in the Gavins Point to Ponca State Park reach of the Missouri
River , and that an EIS, therefore, was not required.

- 
- However , in August 1977 , Congress appropriated an additional $2 million

for bank stabilization structures at three additional sites between
Fort Randall Dam and Sioux City, Iowa. Local interests clearly identified
intentions to seek additional erosion control projects each year until
the entire erosion problem was solved . As a result, the initial agreement
could no longer be considered valid.

Recent actions have been taken that can lead to designation of the reach
of the Missouri River from Gavins Point Dam to Ponca State Park as a
Recreational River under the Wild and Scenic Rivers Act . These actions

• can include provisions for the installation of bank erosion control
measures that will be compatible with Recreational River concepts and
maintain fish and wildlife and associated environmental values . These
actions are the result of coordination among and the participation of a
wide range of interests, including the Corps of Engineers ; the Heritage
Conservation and Recreation Service ; and the Fish and Wildlife Service ;

• State and local agencies; and private organizations and individuals.
Implementation of this proposal can assure that environmental as well as
bank erosion control concerns will be adequately addressed.

This is not the case for the other reaches of the river . Prior to 1976
bank stabilization structures were built below Garrison Dam without
adequate coordination with fish and wildlife interests and without full
consideration of fish and wildlife and associated environmental impacts
and potentials . These actions have already stabilized 20 percent of the
bankline in this reach, and the additional work planned would bring this
to roughly ~0 to L~5 percent . We are uncertain at this time precisely
how the Corps plans to proceed on the Missouri River inr~ diately below
Fort Randall Dam and on the Lower Yellowstone .

We recognize that bank stabilization along the Missouri was addressed in
the reports for Water Resources Development , Missouri River ,
North Dakota , South Dakota, Montana (the “Umbrella Study”) , and in the

• EIS for that study. Subsequent to public review of the draft report arid
EIS, however, the Corps determined that :

specific and general authurities of Section 32 are broad
enough to solve all erosion problems in the subject river
reach, and that no additional legislative action will be
needed to solve the problems if future Congressional
appropriations for Section 32 work are sufficient to do
all the work.
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We are uncertain whether the Corps continues to hold this view. In any
event , neither the Act itself , even as amended, nor the legislative
history support that view. Further,x~re, it seems inappropriate and
inconsistent to proceed with extensive bank stabilization works on
either the Missouri or the Yellowstone before the Bank Erosion Control
Evaluation and Demonstration project is completed and the results of
studies called for in the legislation axe available , unless protective
actions are taken as say be implemented for the Gavins Point to Ponca
reach.

Federal responsibility for bank erosion control is also an issue which
should be addressed by the Corps in its studies. It has been suggested
that the Federal Governs~nt m a y  have incurred a responsibility to protect
private property where it can be demonstrated that erosion problems were
caused by or accentuated by Federal projects . This may apply downstream
from the dams and reservoirs on the Missouri . However , no question of
such responsibility exists on the Yellowstone River. It is not only
free-flowing but is free of any substantial Federal structural modifications .

Other factors are at work. For example, a major factor aggravating
natural bank erosion on the Yellowstone River is poor land use practices ,
including overgrazing and unwise clearing of vegetation . Therefore,
serious consideration should be given to the potential f or incurring a
Federal responsibility to carry out a progressively expanding erosion
control program on the Yeflowstone at high construction costs, including
extensive cumulative loss of fish and wildlife resources associated with
this highly valuable natural riverine ecosystem. It is our ’ view that
bank erosion control on the Yellowstone cannot be justified.

Recorm-endations

We reconinend -that before proceeding with extensive bank stabilization
work on the L~~er Yellowstone and the moving water reaches of the
Missouri River between Garrison Dam and Lewis and Clark Lake:

1. the reach on the Yellowstone below Intake , Montana , and the
remaining reaches of the Missouri be treated as individual planning
units,

2. land and water management alternatives be developed for each of
these planning units which fully consider envir’orm~ntal concerns , as
prescribed by the Water Resources Council ’s Principles and Standards ,

3. an EIS be prepared for each planning unit ,
~ public meetings be held on these management alternatives ,
5. management altematives be selected for each planning unit ,
6. legislation then be reconi~ended to carry out the land and water

management plan ,
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7. as a part of the process , discussions similar to those which
were held for the reach below Gavins Point Dam be held and agreement
reached on the n~nber of sites that would be sufficient for demonstration
purposes on each of the planning units above Gavims Point,

8. selection of study sites be coordinated through a task force
composed of Federal and State wildlife officials and concerned local
interests as well as the Omaha District Corps of Engineers and sponsoring
local government units ,

9. studies undertaken to evaluate the physical consequences of
installing bank erosion control structures not be limited simply to
detennining the effectiveness of specific structures in checking erosion
but that they also include their effects on river hydraulics , including
determining to what extent the structures affect flow velocities and
directions ; their impact on stream crosè-sections , especially degradation ;
the potential f or initiating erosion at new locations ; and their impact
on river aesthetics, and

10. concurrent studies be carried out to determine definitively the
impacts on fish and wildlife and the environment and measures for preventing
losses and - improving habitat .

We further r’ecorrriend that :

1. each site selected for demonstration purposes be treated
individually and that an adequate mitigation plan be developed for each
site , as is done with other water projects , pursuant to the Fish and
Wildlife Coordination Act , 16 U.S.C. 661; et seq., and

2. such mitigation plans assure that aquatic habitats and terrestrial
wildlife habitats on the high banks will be preserved and not cleared
for agricultural purposes once the banks are stabilized .

It is our view that the Fish and Wildlife Coordination Act provides the
Corps with sufficient authority to prevent or mitigate losses associated
with construction at demonstration sites without additional Congressional
authorization, including authority to acquire land or interests in land
sufficient to preserve high bank habitats. • however, if the Corps of
Engineers believes it needs additional , explicit approval to implement
such measures , we recommend that the Corps seek necessary approvals .

This report only addresses our concerns on the Yellowstone and Missouri
Rivers. The Bank Erosion Control Evaluation and Demonstration Program
is, however , a National program. The magnitude of the work that is
authorized warrants a programmatic EIS that addr esses the potential
impacts nationwide. It is riot too late to prepare this , and we recommend
that the Corps of Engineers give this serious consideration.

Regional Director

~nclosure
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Deportm ent of Game. Fish and Parks Division of fldn*iistroUon

Pierre. South Dokoto 57501 . Phone 224-5W

May 11 , 1978

Harvey Willoughby
Regional Director
United States Department of the Interior
Fish and Wi ldlife Service
P.O. Box 25 486
Denver Federal Center
Denver , CO 80225

Dear Mr. Willoughby:

My staff has reviewed the Service interim report on the Streambank
Erosion Control Evaluation and Demonstration Pro j ect Missour i and
Yellowstone Rivers .

We concur with the report and recommendations as they pertain to
South Dakota.

The South Dakota Department of Game, Fish an4 Parks would suggest
consideration be given in the near future to designa t ion of the
r each of Missouri River from Fort Randall to Lewis & Clark Lake
as a recreational river component of Wild and Scenic Rivers Act.

J k Mervin
ecretary

JM/JK/as
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‘ PHONE — 224—2180

t4ay 5, 1978

U.S.  Department of the Interior
Fish and Wil dli fe Serv ice
P. O. Box 25486
Denver Federal Center
Denver , Colorado 80225
Attention : Environmen t

Dear Sir s:

The Departmen t has reviewed the draft interim Fish and Wildlife Coordination
Act Report on the Demonstration and Evaluation Proj ect , Missouri and Yellow-
stone Rivers , Montan a , North Dakota and South Dakota. We are in complete
agreement with the contents of the report and the recommendations set forth
in the document .

Thank you for the opportun ity to review this repo rt .

Sincerely yours ,
;, /

— - 1 ’Rü ssell W. Stuart
Commissioner

RS/dd
cc: FWS (Zschomler)
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Nebraska Game and Parks Commission
- 

2200 North 33rd Street / P.O. Box 30370 / Linco ln , Nebraska 68503

May 9, 1978

Mr. Harvey Willoughby , Regional Di rector
U.S. Fish and Wildl ife Service
P. 0. Box 25486
Denver Federa l Center
Denver , Colorado 80225

Dear Mr. Willoughby :

We have rev iewed the draft of your Serv ice ’s interim report on the
Streambank Erosion Control Evaluation and Demonstration Project, M i ssou s
an d Yellows tone Rivers prov ided by Mr . Sowards, Acti ng Area Mana ger ,
P ierre , South Dakota.

We generally concur wi th that portion of the report pertaining to the
Missouri Ri ver below Fort Randall Dam. More speci fically, we strongly
support the approach arrived at for the Missouri River below Gavins Point
Dam. This approach consists of designation as a National Recreation River
by an amendment to the Wild and Scenic Rivers Act that provides for pre-
servation of the river including installation of needed bank erosion con-
trol features similar to those installed in the reach under provisions of
Section 32.

While we agree with the conclusion that demonstration projects should be
subjected to continuing evaluation as to effectiveness and long-term
impacts , we are also. concerned with losses being sustained by private
landowners as a resul t of bank erosion. Therefore, we favor an approach
for the Fort Randall Dam — Lewis and Clark Lake Reach similar to that for
the unchannelized reach below Gavins Point Dam. A suggested first step
is inclusion of the Fort Randall — Lewi s and Clark segment in the Section 5
Study list of Wild and Scenic Rivers Act.

Very trul y yours ,

EUGENE T. MAHONEY ,
DIRE CTOR

cc: F&WS, Pierre , South Dakota
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RE SPONSES TO COMMENTS MADE BY THE DENVE R REGIONAL OFFI CE
OF THE U .S .  FISH AND WILDLIFE SERVICE ON SECTION 32

STREAI4BANK EROSION CONTROL ON THE MISSOURI RIVER AND
YELLOWSTONE RIVERS

PREPARED BY THE OMAHA DISTRICT
CORPS OF ENGINEERS

1. Page 10, paragraph 4. Limited erosion control projects designe d
with proper considerat ion of existing river condition s and character-
istics do not cause increased problems elsewhere ; overall river con-
ditions can actually be improved . At the very most , a limited project
has no more effect  than when the rive r encounters a naturally erosion
resistant area.

2. Page 10, last paragrap h. Clearing along the project river reaches
(Ye l lowstone and Missouri ) in recent years has occurred almost totally
in the absence of erosion control measures.

3.  Page 11, paragraph 4. The Omah a District  supports he concept of

land use preservation adjacent to those river reaches . However , as

noted in comment 2 , the clearing is occurring without erosion control
measures.

4. Page 11, paragraph 5. Acquisition of eroding lands is an alterna t ive
to erosion control relative to cost on ly . It is not an alternative solu—

tion to the erosion problems . The economic cost of the eresion losses
would be transferred to the public; h oweve r , the physical impact of loss
of a terrestrial resource would not be solved. This is particularly true
for the M issour i Rive r reache s where erosion rates are grea ter and ero-
sion losses are not offset by accretion .
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5. Page 11, last paragraph and Page 12, first paragraph. The

actions and considerat ions addressed in these paragraphs are an

integral part of the eros ion control demonstration project planning

and desi gn.

6. Page 12, paragraph 3. The Omaha District basically concurs

wi th your position concerning interpretation of the original legis ia—

tion . However , the District must comply with subsequent specific

Congressional directives to provide eros ion control at very clearly

identified sites on the Missouri River.

7. Page 12, last paragraph and Page 13, paragraphs 1 and 2. The

“subsequent Congressional directives ” mentioned in comment 6 occurred

in October 1976 and August 1977. Legislat ive interpretations esta—

lished prior to these actions obviously required substantial reevalua-

tion .

8. Page 13, paragraph 4.

a. Since 1976, the Omaha District has made extens ive efforts to

improve coordination of all erosion control projects on the Missouri

River reach downstream of Garrison. Significant structure modifica-

tions to reduce adverse environmental and esthetic effects have re-

sulted from these efforts.

b . Implementation of the projects in the Fort Randall reach and

the Yellowstone Rive r reach has been and will continue to be coordi-

nated through the “task forces ” approach . These task forces include

Federal and State fish and wildlife officials and concerned local

interests , as veil as the Omaha District and sponsoring local Govern—

~~nt units.
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9. Page 13, last paragraph thru Page 14, paragraph 2.

a. The issue of Federal responsibil ity for erosion on the

Missouri River was considered in previous evaluat ions ; the most

recent being the “Umbrella ” study.

b . Federal involvement on the Yellowstone , as with all of the

Section 32 work, is the result of specific Congressiona l directives.

Congress did not ask the Corps to justify a Federal involvement .

10. “Recommendations .” As summarized below , the recommendations

fail to recognize the existing situation and the enormous efforts

already expended toward develop ing solutions for the subject erosion

problems, part icu larly on the Missour i Rive r reach downs tream from
Gavins Point Dam and downstream from Garrison Dam .

a. The existing statutory authorities provide directions to

conduct very specific actions .

b . The alternatives to erosion problems on the Missour i River

reaches have been discussed numerous t imes. Literally dozens of

public forums have been conducted since 1971 on this topic . The

results of these forums and the great majority of correspondence

received concerning the erosion problems provide an overwhelming

expression by those being adversel y affec ted by erosion that :

(1) The eros ion proble ms downstream from the dams is a Federal

responsibili ty and the enormous regional and national benefits from

the reservoir system are provided at the expense of the few down-

stream interests.
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(2) Solutions or alternatives leading to further loss of now

scarce Missouri Rive r bottomland are opposed both by local residents

and most State and local Government interests.

(3) Any attempts to control or limit the rights and activities

of the local interests are strongl y opposed .

c. The optinaim “management al tern at ive” for the Gavins Point
- - reach has already been determined and agreed upon by way of a multiple—

interest task force . Action is unde rway to implement this alternative

via designat ion as a “National Recreational River,” inc luding essential
erosion control.

d. Congress has already established the number of location s for

erosion control demonstrat ion sites downstream of Garrison Dam ; thus

this determinat ion is no longer an administrative prerogative .

e. Selec tion of site priorit ies for demonstration projects has

been and shall cont inue to be accomplished through the task force
approach.

f. The physical consequences of installing erosion control struc—

tures are caref u lly considered during p lanning and design, and are

thoroughly monitored after construction . This has been done regularly

on Omaha District erosion control projects , long before the Section 32

program was authorized. Monitoring and evaluation of esthetic and

environmental values , including fish and wildlife va lues , has been
initiated on all erosion control projects since the authorization of

the Section 32 Demonstration Program. -:
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STATE OF MONTANA.

‘
F

- DEl 1tTPIE ~~’I’ OF
- 
-r~ ~~~

~ kMnAWD 1A~ 1F~
- Helena , MT 59601

April 25, 1978

Col. James W. Ray, District Engineer
U. S. Army Corps of Engineers
6014 U. S. Post Office and Courthouse
Omaha , NE 68102

Dear Col. Ray :

The purpose of this letter is to address several matters arising
from discussions with your staff at a meeting in Bismarck , North Dakota
on February 8, 1978 , regarding the Strearnbank Erosion Control and
Demonstration Act of 1974 (Section 32 , as amended) as it pertains to
the lower Yellowstone River.

As a result of those discussions , and as requested , the f ish and
wildlife agencies agreed to provide a report for your use in preparing
the interim report to be submitted to Congress in September 1978. That
report , which has the informal concurrence of the U. S. Fish and Wildlife
Service , is enclosed . We understand this document will be appended to
or accompany the interim report.

At the Bismarck meeting, the question arose as to whether limiting
the demonstration to three sites on the lower Yellowstone River would
necessitate preparatio z~ of an environmental impact statement . Our
department and the U. S. Fish and Wildlife Service have discussed that
question in some detail since the Bismarck meeting . It was the general
consensus that there is no assurance that only three projects will be
constructed under the existing authorization . There has been no written
statement from the Corps concerning present intentions , and we- have no
description of the specific measures proposed for construction . In
addition , there is a question as to whether the proposed “River Front’
area near Sidney, Montana , or the other sites , represent proper choices
for the three demonstration projects . As far as we know, none of these
areas have been evaluated in the field to determine their suitability
as demonstration sites by the Corps or any other agency .

The extent of the demonstration project appears to be specifically
limited only by the total monies authorized and , of course , subsequently
appropriated . Our major concern , however , relates to the limits of the
total proposal and the specifications for each project site .

In view of these uncertainties , the Fish and Wildlife Service and
this department agreed that we cannot concur in a “minor action ” deter-
mination in lieu of preparing an impact statement . This position may
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be modif ied if you could supply a description , in writing , of activities
(structural  and nonstructural)  the Corps intends to carry out on the
Yellowstone Rive r under this authorization .

We have not attempted to discuss site—specific impacts , nor any
needed constraints or mitigation needs for the three proposed demonstra—
t~ion projects on the Yellowstone , inasmuch as we understand that these
sites remain tentative and will not be finally selected pending the
outcome of field surveys this summer . We are prepared to assist you
in that selection process , as was requested and agreed on informally
at the Bismarck coordination meeting .

We have previously indicated our concern that the only activity
contemplated on the Yellowstone River appears to be construction of bank
stabilization measures. Nonstructural needs will apparently not be
addressed , although there appears to be no reason to assume that
Congress was interested ~~~~ in structural measures. If our belief
that natural erosion processes are aggravated by unwise land use
practices (especially land clearing) is valid , it appears that identifi-
cation of the causes of erosion , as called for in Section 32(b) , and
evaluation of nonstructural measures for reducing erosion rates , could
be a valuable contribution to the public interest on the Yellowstone
River . We would be prepared to assist in such an undertaking .

Thank you for the opportunity to submit these comments and the
enclosed report .

Sincerely ,

Robert F. Wambach
State Fish and Game Director

By:
Ralph W . Boland , Assistant Administrator

RWB/sd Ecological Services Division
Enc
cc: Burt Rounds , Attn : Gary Wood

Office of the Governor
Office of the Lt . Governor
Ted Doney , Director , Department of Natural Resources
Regional Director , U. S. Fish & Wildli fe Service (Environment)
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COMMENTS ON

Erosion Control Demonstration Program for

the Yellowstone River : Intake , Montana to the Mouth

Omaha District , Corps of Engineers

February 1977

Prepared by

Montana Department of Fish and Game , Helena , Montana

- : in cooperation with
U. S. Fish and Wildl i fe  Service , Bill ings , Montana

April 1978

For

Corps of Engineers , Omaha District

September 1978 Interim Report to Congress
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CONCERNS

This section of the report includes brief statements of concern
relating to the proposed lower Yellowstone River project in Montana .
It is placed in the “up front” position for the convenience ot those
no~. wishing to read the supportive explanatory discussions in the
report. Statements are not listed in any particular order of importancE.

The uniqueness of the lower Yellowstone River valley , combined with
the high quality and diversity of the natural riverine ecosystem , make
it imperative that this system be preserved. We are concerned generall y
that structural bank stabilization does not consider the basic cause of
bank erosion , and will finally result in destroying the natural hydrauli
pattern of river flow , and subsequently, the ecological system that has
developed and is maintained as a result of that flow.

Specifically, items which in our opinion need to be addressed to
avoid the disruption of the natural hydraulic and ecological system
which exist-s on the lower Yellowstone River , or are cause for our con-
cern , include :

(1) Streambank structures impede natural erosion , eventually
reducing stream length and directly affecting the quantity and quality
of terrestrial and aquatic habitats.

(2) Bank stabilization will encourage further land clearing of the
floodplain.

(3) Poor land use practices and their ultimate adverse impact on
wildlife iii cncouraged by federally funded stabilization projects.

(4) A proliferation of project requests will follow because of the
lack of landowner understanding of river mechanics and the requirement
for any commitment from the landowner for project funding .

(5) Access roads and areas for construction activities will destroy
both game and nongame wildlife habitat .

(6) Maintenance of projects will require periodic disturbance of
floodplain habitat .

— 
- (7) Channel modification and maintenance tends to perpetuate a

disequilibrium in the system .

(8) Bank stabilization will affect natural vegetative succession and
reduce “edge effect. ”

(9) Long-term adverse effects will outweigh short—term benefits
from bank stabilization .

(10) The reduction of the diversity of aquatic habitat such as loss
of backwater areas will have an adverse impact on the number of fish
species present and on the life history requirements of both game and
nongame species of fish.
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(11) Other federal agencies , such as the Soil Conservation Service ,
have begun to see the value of deemphasizing structural stabilization
measures. This project proposal is contradictory to that informed
enlightenment .

(12) Changes in hydraulic patterns will cause erosion of island
habitat (two of which are owned by this department) with subsequent
reductions of secure goose nesting areas and wildlife habitat.

(13) Diversity of vegetative and wildlife habitat types will be
reduced , thereby reducing wildlife species diversity.

(14) Resting and feeding areas of the bald eag le will eventually
be destroyed.

(15) Proposed projects will reduce the aesthetic value of the area
for floating and other recreational uses.

(16) Critical winter cover for wildlife will be removed.

(17) Habitat losses are generally irretrievable and irreplaceable .
Streambank erosion control projects lack recommendations or sufficient
funding for restoration or mitigative measures , particularly when these
involve encroachment on private lands.
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INTRODUCTION

On April 14 , 1977 , the Montana Department of Fish and Game re-
quested a copy of a February 1977 Corps of Engineers report tentatively
outlining that portion of the Erosion Control Demonstration and Evalua-
ticn Project applicable to the lower Yellowstone River . The document
outlined 24 “projects ” for possible construction on that segment of
the Yellowstone River between Intake , Montana , and the river ’s mouth
in North Dakota . The Fish and Game Department provided comments on
that document in a letter to the Corps which outlined potential impacts
questioned the need for the work , and suggested that many of the sites
were , in fact , unsuitable for the purpose intended . The U. S. Fish
‘and Wildlife Service also corresponded with the Corps , raising many
of the same questions .

- 
- Subsequently, at a meeting in Bismarck , North Dakota on February 8 ,

1978 , the Corps clarified the intent of the program , indicating in-
formally that only three projects would be constructed on the Yellow-
stone River under present legislation . These three projects would be

— 
for the sole purpose of “demonstrating ” effectiveness of certain
streambank stabilization measures on a free-flowing stream .

Since 1974 intensive wildlife (including waterfowl) , recreational
and fisheries studies have been conducted by this department on the
lower Yellowstone River . The Montana Department of Fish and Game is
vitally concerned with these natural resources of the lower Yellow-
stone River . The Yellowstone from Intake , Montana to the mouth
(approximately 70 river miles) offers a recreational resource potential
to future generation s which is difficult to measure in terms of monetary
value .

This report addresses those aspects of the yellowstone River
Erosion Control Demonstration Project (Section 32 , PL 93-251 , Stream
Bank Erosion Control Evaluation and Demonstration Act of 1974 , as
amended) that apply to the Montana portion of the project area. It
has been prepared by the Montana Department of Fish and Game in co-
operation with the U. S. Fish and Wildlife Service , and has the general
concurrence of the latter agency .

DESCRIPTION OF AREA

The Yellowstone River flows easterly through Montana for approxi-
mately 540 miles before entering North Dakota . In North Dakota the
river flows some 20 additional miles to its confluence with the Missouri
River . The entire river is free of mainstem reservoirs. Two major
tributaries are controlled by dams , the largest of which is Yellowtail
Dam on the Bighorn River . Despite the tributary dams , the mainstem
of the Yellowstone functions as a free—flowing river system and exhibits
pronounced seasonal fluctuation in flow . Since the flows of the
Yellowstone River are largely unregulated , it exhibits the biotic and
hydrologic characteristics of a natural , dynamic system . It is, in
f act , the largest remaining “free—flowing ” stream within the conter—
minous United States. 
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Ice ja ms are common in the lower Yellowstone , and the gr ind i ng
action of ice often results in bottom scour and alteration of ~he
bankline. The bulk of the bank erosion, however , occurs during
the spring runoff period when high flows may predominate for several
weeks.

The channel morphology of the lower Yellowstone River is primarily
a function of hydraulic , hydrologic , edaphic and geologic features.
Approximately the lower 50 miles of the valley lie in the glaciated
plains region. Except for occasional lenses of bedrock scattered
throughout the area, the soils within the confines of the valley are
comprised principally of alluvium or other easily erodible material.
The rate of lateral erosion is conditioned to some degree by the

• stability afforded by the root structure of streamside vegetation.

The hydrology of the basin , the hydraulics of the channel plus
the erodibility of the soil allow the river to meander as a natural
system across the valley floor. Accordingly, the riverine and flood-
plain ecosystems have also developed naturally, and their maintenance
is largely dependent on these processes. Preservation of this natural
system is critical to the economic , social and environmental values

- 
- of the lower Yellowstone River basin.

All of the proposed erosion control demonstration projects are
con±ined to the lower 70 miles of the Yellowstone. In Montana , the
project area encompasses braided sections of river where the Yellow-
stone splits into several channels and large, stable island systems
are common. The channel slope, sediment load, and spring flood
characteristics are important factors in channel formation processes.
OE equal importance in braided sections is the erodibility of the
banks. As sediment and bedload deposits occur in island sections,
channel capacity is maintained by streambank erosion.

Although a site—specific observation may indicate extensive erosion
of soil and bankline vegetation , checks and balances occur over time
and space (such as over the lower 70 miles) to maintain relatively
stable ecosystems. A comparison of recent aerial photos with 1878
survey maps indicates little change in the braided conditic” of the
channel and illustrates the long—term stability of the isle ‘ complexes .
Although erosional areas exist, it is doubtful any net loss jf land has
occurred along the 70—mile reach of river.

Because of the characteristics outlined above, lateral erosion in
the lower Yellowstone River is relatively common. This phenomenon is
essential for the continued existence of braided sections of river , sin:
lateral erosion maintains channel length and channel capacity.

Associated with the braided channels is the extensive amount of
“edge effect” afforded by the water—land interface and the large
quantity of water surface. “Edge effect” is one of the most important
ecological concepts functioning in the system for the maintenance of
diverse wildlife populations. The braided section of river in the
project area provides a quantity and diversity of both aquatic and
riparian wildlife habitat seldom encountered in this region.
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FISH AND WILDLIFE RESOURCES

A free—flowing stream system is self perpetuating . The system
maintains the integrity of the natural ecosystem and provides a wide
range of habitat conditions suitable for a diverse plant and animal
comm unity.

The lower Yellowstone River contains significant aquatic resources.
Approximately 40 species of fish are known to inhabit the lower 70
miles of the Yellowstone. Popular game species include walleye ,
sauger, northern pike, paddlefish , shovelnose sturgeon , burbot, and
channel catfish. Goldeye, smalimouth buffalo, carp, shorthead red-
horse, longnose sucker and river carpsucker are other prominent corn-
ponents of the aquatic ecosystem. The rare pallid sturgeon is also
found in the river. Two important species, walleye and paddlefish ,
move from Garrison Reservoir and utilize the lower Yellowstone as a
spawning area. The spring paddlefish run is probably one of the
largest in the country , and provides an exceptional fishery for this
species.

Because of an interconnected drainage network of the lower Yellow-
stone River , the Missouri River in Montana and North Dakota downstream
from Ft. Peck Reservoir , and Garrison Reservoir in North Dakota, these
segments are not compartmentalized ecosystems in terms of aquatic
species. Each system has its own “unique” attributes and a few fish
species may be found in only one of these areas or may exhibit only
localized seasonal movements. However, other species “overwinter”
in the reservoir and then migrate up the Yellowstone and Missouri
River systems during spring for spawning and rearing purposes. For
this reason, maintenance of both the reservoir and stream fishery
resources is highly dependent on the maintenance of spawning and
rearing habitat in the rivers and their tributaries. The spring
paddlefish run is an example. A major portion of these fish from
Garrison Reservoir migrate up the free—flowing Yellowstone.

The maintenance and well-being of existing fish populations are
dependent on the quantity, quality and diversity of the existing
habitat. In a braided river, this habitat includes side channels,
backwaters, shoal areas, submerged gravel bars and deep water main
channel areas. This diversity of habitat provides spawning, rearing ,
feeding and refuge areas for fish populations and their prey organisms.

Terrestrial wildlife along the river is highly dependent on the
amount and diversity of riparian vegetation. The nature of this vegeta-
tion is determined to a significant degree by hydraulic and hydrologic
processes., The plant communities classified as riparian in the lower
Yellowstone are represented by very early to quite late successional
stages. Elevational differences of a point bar from the water ’s
edge landward cause vegetation representing an early successional
stage, often annual plant species, to develop near the river. As
erosion of the opposite bank progresses and the river channel moves
laterally, the bar becomes less and lesE- subject to inundation. This
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provides for sequential development of vegetation types over time —
a simplified but typical sequence in soil and vegetative development

• along the river.

• On the other hand , in an area of active erosion the land mass is
reduced. Th~s “raw bank,” however, provides habitat favorable tostreamside dwelling mammals such as mink and beaver. Accordingly,
natural erosion is one of the fundamental processes at work within
the confines of the floodplain to maintain the integrity and diversity
of the ecosystem.

The diversity of vegetative types found in braided sections of
the river allows a wide variety of terrestrial wildlife species to
inhabit the lower Yellowstone. Large populations of white-tailed
deer , mule deer, and pheasant as well as nongame species of wildlife
occupy bottom land and island areas. These areas provide year-round
habitat for these species and are especially important as winter cover
for pheasants. Waterfowl, such as the Canada goose, mallard , blue—
winged teal and merganser , commonly use the Yellowstone River and

S adjacent land areas during spring , summer and fall. Gravel bars
provide loafing and foraging areas for some species of waterfowl and
shorebirds. Islands are used for nesting by the Canada goose. Back-
water areas and adjacent riparian areas are commonly used by the mallard
and other species of waterfowl for the same purpose.

Because many of the areas contain vertically stratified vegetation ,
they are used seasonally by many species and large numbers of songbirds.
The bald eagle, an endangered species, and other birds of prey are also
common inhabitants. Other common wildlife species include beaver ,
mink , muskrat, raccoon, badger , coyote, weasel, cottontail rabbit, and
a variety of ground squirrels.

The Montana Department of Fish and Game considers this section
of the Yellowstone to contain such prime wildlife habitat that it has
recently purchased two bottom land and-island complex areas for game
management. These are the Elk Island and Seven Sisters game manage-
ment areas. Both are in the Montana portion of the project area.
The purchase and development of these two areas attest to the depart-
ment ’s interest and concern for the exceptionally high wildlife values
present in the riparian habitat and associated island complexes found
in this section of river.

The project reach offers solitude and unique scenery to the boating
enthusiast. The increasing recreational usage of the river by non-
residents as well as residents also indicates that there is broad public
interest in maintaining the existing values of the river in its natural
setting.

POTENTIAL IMPACTS - STREAM CONTROL DEVICES

As pointed out above, natural processes in alluvial stream channels
interact to provide a diversity of aquatic and terrestrial wildlife
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habitats and to establish and maintain ecosystems in a quasi—
equilibrium condition , It cannot be overemphasized that natural bank
erosion is an integral and important part of this overall process.

- 

- According to Yang~/, stream length must increase to minimize the time• rate of energy expenditure and accordingly, the morphology of the
channel must facilitate such an energy distribution . Keller and
Melhorn2/ state that the only way a stream can increase its channel
length, with the exception of headward erosion , is by lateral erosion,
which increases sinuosity .

The Department of Fish and Game is concerned that structural
streambank modifications as proposed by the Corps for the demonstration

1/ project could effectively reduce lateral erosion and eventually ,
stream length. External constraints already imposed by the geology of
the area, plus reduction of lateral erosion, could have a dramatic
effect on the riverine ecosystem. Islands will probably be diminished
or eliminated, new island formation or development could be slowed
considerably , the amount of land—water interface will be restricted ,
diversity of riparian vegetation will be reduced by the elimination
or reduction in successional phases, and water surface acreage will
be reduced . Thus, in our opinion , it is evident the proposed stream—
bank modifications will have severe adverse effects on the quality
and quantity of aquatic and terrestrial habitat. The loss or reduction
of island , side channel and gravel bar areas can significantly reduce
the aquatic and wildlife populations of a given area , as was dexnonstrat
on the Bighorn River3!.

The long—term environmental consequences of building only a few
projects also concerns us. Since the quasi—equilibrium state of the
river system will be affected by any structural works, streambank
and channel changes may result in areas upstream or downstream from a
project. It is becoming increasingly obvious that additional projects
are needed to repair the bank and “stabilize” the channel in areas
affected by new works; i.e., new works spawn the need for additional
new works. These modifications lead to cumulative adverse impacts
and a reduction in habitat.

Public funding for bank stabilization appears to encourage addi-
tional land clearing and is frequently requested after lands are cleared
Recent reconnaissance of the lower Yellowstone River suggested that
past and present land clearing is significantly influencing erosion
rates along the river. Previous attempts to use structural erosion
control measures have met with mixed success and very likely contribute
to the problem. Thus, the entire “erosion control” cycle is perpetuatec

1/ Yang, C. T. 1971. On river meanders. J. Hydrology : pp. 231-2E

2/ Keller, E. A. and W . N. Meihorn . 1974. Form and I luvial pro-
cesses in alluvial stream channels. Purdue University , Water Res. Inst.
Tech. Rep. No. 47. 124 p.

3/ Martin , P. 1976. Yellowtail dam eliminates habitat. Montana
Outdoors , Nov./Dec. p. 18.
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CONCLUSION

S It h~s been suggested that the federal government may haveincurred a esponsibility to prevent excessive erosion to private
property caused or accelerated by construction of dams on rivers.
No questi~.n of such responsibility exists on the YeUowstoue Riverbecause it is free flowing. Bank erosion on the Yellowstone River
is aggravated by poorly conceived land use practices which include
overgrazing , clearing of riparian vegetation , and tilling to th~stream’s edge. Considering the general lack of federal responsi-
bility f”r any erosion problem impacting private property, the potential
for setting in motion a self-proliferating “need” for erosion control
measures, the high cost of such construction, and the probable long-
term adverse cumulative impacts on the fish and wildlife components

J of the natural river ecosystem, it is our view that extensive bank
4 control is not justified and does not serve the total public interest.

Except for appropriate action under existing Corps authorities
(i.e., Section 14 activities) to protect public property u~der emergencyconditions, it is our view that no large scale federal construction of
erosion control measures should be considered prior to completion of
detailed studies including analysis of (a) economic efficiency ,
(b) environmental impacts, (c) careful consideration of nonstructural
alternati’,es, and Cd) a documented finding that such erosion control
work on tne Yellowstone River is in the public interest. The Depart-
ment of Fish and Game especially recommends that any effort toward
reduction of erosion on the Yellowstone River emphasize preventative
and nonstructural alternatives.
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CONCLUS ION

It hts been sugge~ted that the federal government may haveincurred a responsibility to prevent excessive erosion to private
property caused or accelerated by construction of dams on rivers.
tb questi..n of such responsibility exists on the YeUowstoiae River
because it is free flowing. Bank erosion on the Yellowstone River
is aggravated by poorly conceived land use practices which include
overgrazing, clearing of riparian vegetation, and tilling to the
stream ’s edge. Considering the general lack of federal responsi-
bility for any erosion problem impacting private property, the potential
for setting in motion a self—proliferating “need ” for erosion control
measures, the high cost of such construction, and the probable long—
term adverse cumulative impacts on the fish and wildlife components
of the natural river ecosystem, it is our view that extensive bank
control is not justified and does not serve the total public interest.

Except for appropriate action under existing Corps authorities
(i.e., Section 14 activities) to protect public property under emergency
conditions, it is our view that no large scale federal construction of
erosion control measures should be considered prior to completion of
detailed studies including analysis of (a) economic efficiency ,
(b) environmental impacts, (c) careful consideration of nonstructural
alternati~es, and (d) a documented finding that such erosion control
work on the Yellowstone River is in the public interest. The Depart-
ment of Fish and Game especially recommends that any effort toward
reduction of erosion on the Yellowstone River emphasize prever tative
and nonstructural alternatives.

I
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RESPONSES TO COMMENTS MADE BY THE MONTANA DEPARTMENT OF

FISH AND GAME ON SECTION 32 STREANBANK EROSION CONTROL

ON THE YELLOWSTONE RIVER

PREPARED BY THE OMAHA DISTRICT

CORPS OF ENG INEERS

1. As indicated in the cover letter, the Montana Department of Fish

and Game (MDFG) did not attempt to discuss site — specific impacts

of Section 32 erosion control on the Yellowstone River, because no

Section 32 demonstration program has been firmly established for the

Yellowstone River. The Omaha District has, however, indicated to the
MDFG and others that, for the purposes of demonstration, the Omaha

District is recommending construction of only three erosion control

demonstration sites on the Yellowstone River. The MDFC recognizes,

however, that the Omaha District is not in complete control of the

Section 32 Demonstration Program. They are also aware of the history

of Section 32 on the Missouri River, where limited Section 32 demon-

stration programs have evolved or are evolving into rather extensive

programs. They feel that the Section 32 Demonstration Program on the

Yellowstone River has the same potential to evolve into an extensive

program. Consequently, the MDFG has directed their comments toward

the potential impacts of an extensive program in an effort to discour—

age one.

2. The MDFG cites numerous adverse environmental effects that would

result from bank stabilization. The most signific~~t and perhaps the

most valid of the adverse effects cited is a reduction in the quantity

and quality of riparian habitat along the Yellowstone River. Bank

stabilization would tend to reduce lateral movement of the channel.
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Reduced lateral movement of the channel would reduce primary succes-

sion, “edge effect,” along the riverbanks. This “edge effect” is vital

to the long term maintenance of diverse plant and wildlife populations

in the riparian ecosystem. The three Section 32 Erosion Control De-

monstration projects recommended for construction on the Yellowstone

River would probably not result in significant impacts as described

above. The cumulative impacts of many such projects, however, would be

significant.

3. The MDFG states that there will also be a reduction in the quantity

of aquatic habitat resulting from a reduction in stream length. This

particular effect cannot be clearly substantiated at this time . The

Omaha District is currently in the process of securing a contract with

an engineering and environmental consulting firm to conduct studies

on the Yellowstone River. These studies will give us a better under-

standing of the dynamics of the Yellowstone riverine system and will

enable us to intelligently speculate on this and other potential impacts.

4. The MDFG states that, in general, there will also be a reduction in

the diversity of aquatic habitat and a loss of backwater areas. We

anticipate that the types of erosion control measures employed on the

Yellowstone will not significantly alter the cross section of the river,

and that alteration to significant fish production areas and backwater

areas can be avoided with good project planning.
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