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I. INTRODUCTION

This report was prepared by the North Dakota State Water Commission (SWC) at the request of
the Burleigh, Oliver, Morton, Mercer, Mclean Joint Water Resource District (B.O.M.M.M) to
provide a rated listing of Missouri River bank erosion sites and to provide documentation of the
process used to create the list. The report also provides cost estimates and justification to
protect the erosion sites.

II. JUSTIFICATION

Bank erosion along the Missouri River has been a continuing problem since closure of the main
stem reservoirs. Since completion of the Missouri River main stem reservoirs, the buüding
process of high floodwater of the past are now non-existent, halting the rebuilding of bottom
lands. Only low sandbars reaching to upper levels of the currently fluctuating river are formed.
Therefore, the present bank erosion results in the permanent destruction of bottom lands,
widening of the riverbed, and a continuing net loss of land [Photos I and 2].

The river is controlled by the Corps of Engineers and serves as a conveyance channel between
the reservoirs. The Corps admits the dams have changed the flow regime of the Missouri River.
They acknowledge that the changes have resulted in widening of the channel and a net loss of
high bank lands. While bank erosion occurred before the dams, due to accretion there was no
net loss of land. The hydropower operations at Garrison Dam and the clear water released from
the dam have caused a substantial increase in the net loss of land. In addition, the high flows of
the last several years, especially the extremely high flows this past summer, have increased the
erosion rate significantly.

Jay A. Leitch and LeRoy W. Schaffner in Economic Activity Associated With the Garrison
Diversion Unit in 1984 stated, "Total acreage lost to Missouri River bank erosion between
Garrison Dam and Lake Oahe through 1983 was 2,44'7 acres. Assuming 28 percent was dryland
cropland, 17 percent was potentially irrigated cropland, 35 percent pasture, 15 percent
woodland, and 5 percent other nonincome producing would result in $614,514 in gross business
volume and $196,333 in personal income foregone in 1984." These losses have continued to
increase and accumulate since the completion of the main stem reservoirs. Most of the land
being lost is agricultural land causing a continuing economic loss to the state. Another
economic loss is the reduction in property tax revenues for the land that is lost to erosion. The
annual and cumulative economic losses will continue to increase as land is lost.

The siting of irrigation pumps [Photo3] along the Missouri River has been restricted because of
bank erosion. The bank erosion discourages and in some cases prevents the irrigation of
adjacent tand. Onty a few farmers along the river are fortunate to have pump sites located on
naturally hard banks or where a bank stabilization project has been constructed. Additional
bottom lands would be irrigated if the banks were protected from erosion.

l
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The river is causing erosion in some areas of natural hardwood forests [Photos 4 and 5]. These
areas are the few remaining along the Missouri River. Woodlands are rare in the state of North
Dakota as well as other prairie states occurring mainly along rivers. Many of the forests are
already lost due to past logging and farming and due to the inundation of the pools of the main
stem reservoirs on the Missouri River.

Soil eroded from the banks settles out of the water in the upstream reaches of the reservoirs
forming deltas. These deltas reduce storage in reservoirs, raise the water table of adjacent land,
and can cause ice jams and flooding during the fall freeze and the spring thaw. Reducing
erosion rates would slow delta formation.

Bank erosion along the Missouri River continues to cause problems [Photo 6]. The problems
will continue to occur and accumulate if no action is taken, causing ever increasing economic
impacts. The Corps of Engineers has stated that bank erosion, unless halted, will gradually
transform the present river into a wide area of sandbars, channels, and islands occupying most
of the valley floor between bluffs. Photo '7 , an aerial photograph of river mile 1334, depicts
this situation. The future condition of the river as described by the Corps will make boating,
fishing, and withdrawal of water for off-river uses almost impossible. Stabilization efforts
should not be viewed solely as an effort to protect adjacent lands but also as an effort to protect
the river.

Section 33 of the Water Resource Development Act of 1988 amended Section 9 of the Flood
Control Act of 1944. Section 33 (Appendix A) directed the Secretary of the Army to undertake
such measures, including maintenance and rehabilitation of existing structures, which the
Secretary determines are needed to alleviate bank erosion and related problems associated with
reservoir releases along the Missouri River between Fort Peck Dam, Montana, and a point 58
miles downstream of Gavins Point Dam, South Dakota. The Corps of Engineers has used the
funds appropriated under Section 33 to repair a number of existing structures, to build non-
traditional structures, and to purchase sloughing easements on eroding land. Unfortunately, the
Corps has not alleviated the major problem. The Corps maintains that any structure constructed
under Section 33 must be economically justified. The test they apply to determine economic
justification is if the land can be purchased for less than the cost to protect the land. This test
does not consider that if land is purchased by the Corps and allowed to erode it is destroyed.
The test neglects the economic impact of destroying the land.

III. INSPECTTON

The bank erosion sites listed in this report were identified during field inspections. The State
Water Commission, B.O.M.M.M Joint Board, Missouri River Adjacent Landowners
Association, and the Citizens for River Front Preservation conducted the inspections on August
14 and 28,1991. The August 14,1991, inspection was conducted from Garrison Dam to
Bismarck (river mile 1390 to 1313). The August28,1991, inspection was conducted from
Bismarck to the headwaters of Lake Oahe (river mile 1313 to 1303). Figure 1 shows the
inspected area.

\
2



il,

PHOTO 1

PHOTO 2

/,
-3-



PHOTO 3

PHOTO +

tt-4-



PHOTO 5

PHOTO 6

5
1



PHOTO 7

Aerial Photograph of Missouri River
River Mile 1334
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Inspection data was gathered for each site based on the following inspection criteria:

1. Rate of streambank erosion;
2. Adjacent land use;
3. Environmental resources at risk;
4. Cultural resources at risk; and
5. Potential for future streambank erosion.

In addition, each site was identified by river mile and left or right bank. Left or right bank is
identified by looking downstream, generally the left bank is the east side of the river.

The inspection resulted in the identification of 36 bank erosion sites. The inspection did not
include gathering of data to the level necessary to complete a preliminary design. For example,
the length of the site was estimated not measured and the depth of the river was not measured at
each site. The purpose of the inspection was to identify erosion sites and gather data to allow
the sites to be ranked. Further data will need to be gathered on any sites that move forward
towards being protected.

IV. EVALUATION OF INSPECTION DATA

Overview

The evaluation of the inspection data was accomplished through a rating system. Aerial
photographs from December 3,1995, the Corps of Engineers Bank Protection Status maps, and
drawings that show Missouri Rive¡ bank alignment in 1950, 1915, and 1984,1985, or 1986
were used to evaluate erosion rates. The bank alignments on the drawings were traced from
aerial photographs for the respective years.

The rating system used for the evaluation process was applied to each inspection criteria.
However, environmental resources at risk and cultural resources at risk were combined in the
other criteria.

A rating between 0 and 10 was assigned for each site and each criteria. The ratings were
assigned based on the standards represented in Table 1.

-8-
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TABLE 1
Standards For

The rating data was compiled in Table 2. In addition to rating data, the table contains the
following:

1. Site name
2. River mile
3. Bank (left or right when facing downstream)
4. Estimated site length
5. Cost for each site

The length of the sites was estimated from the aerial photographs and drawings. The total cost
is discussed in Section V, Cost Estimates for Reinforced Revetment. The table presents the
sites in order of rating. The total rating for each site is the sum of the ratings for each criteria.

Rate of Streambank Erosion

A rating between 0 and 10 was assigned for each site. The standard for rating assignment was 0
for a low rate of erosion and 10 for a high rate of erosion. Table 3 is a detailed presentation of
the standard for rating assignment.

\\

PresentNot PresentOther (EnvironmentaVCultural
Resources at Risk)

HighLowPotential for Future Streambank
erosion

Adjacent Land Use High ValueLow Value

HighLowRate of Stream Bank Erosion

9
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Number
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4
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2
4
4
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2
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5
5
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5
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0
0
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0
0
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0
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0
0
0
0
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0
0
0
0
0
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0
0
0
0
0
0
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7
I
8
I
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Length***
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3,000
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3,400
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2,000
3,300
2,000

80u

1,200
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4bU,UU(
300,0uu.0(

360,0u0.u(

1

Cost****

r ^^^ ^n^ ^n

Table 2
Missouri River Erosion S¡te Rating Table

I

O
I

*The site name is the landowner in most cases. The ownership was determined from county atlas and has not been verified.
-"Other includes Cultural Resources at Risk and Environmental Resources at Risk
**-The site length was estimated during the river inspect¡on and from aerial photography. Actual length varies.

sites with length of 1,000 feet or less, the coàt estimate for reinforced reveìment was determined by estimating the cost at $200 per

linear foot of site. Where sites were greater than 1,000 feet, the revetment was segmented leaving unprotected gaps of 500 feet

feet betvveen segments of 1,000 feet revetment. The most downstream segment of the revetment for each site may be less than

1,000 feet depending on the total length of the site and the potential segmentation. The cost est¡mates for reinforced revetment

for s¡tes greater than 1,OOO feet were determined by estimat¡ng the cost at $2OO per linear foot of reinforced revetment'
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0to20to5
2to45to10
4to 610 to 15

6to815 to 20

8to10Greater than 20

Table 3
Standards for Rating Assignment

Rate of Streambank Erosion

Rates of erosion were estimated through a comparison between aerial photographs from
December 3,1995, and drawings that show Missouri River bank alignment in 1950, 1975, and
1984, 1985, or 1986.

Adiacent Land Use

A rating between 0 and 10 was assigned for each site. The standard for rating assignment was 0
for land use of low value, and 10 for land use of high value. Table 4 is a detailed presentation
of the standard for rating assignment.

Table 4
Standards for Rating Assignment

acent Land Use

Land use was observed and noted during field inspections. Aerial photographs from
December 3,1995, were also used to determine land use.

0to2No Development Potential (Undeveloped)

2to 4Grassland (Pasture/G r azng)

4to 6ResidentiaVC o mmercial/Wo o ded

6to8Farmland (Crops)

8to10Farmland (Irrigated)

-11-
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Potential for Future Erosion

A rating between 0 and 10 was assigned for each site. The standard for rating assignment was
0 for land with a low potential for future erosion and 10 for land with a high potential for future
erosion. Due to the dynamic nature of the Missouri River, it is impossible to predict future
erosion with a large degree of certainty. Each site was assigned a rating based on engineering
judgement. The major factor considered during the evaluation was the sites proximity to one or
more of the following:

. River bends. Straight river reaches. High bluffs. Bottom lands. Sand bars. Existing bank protection structures

Data collected during the field inspections was used to aid evaluation of the potential for future
erosion. Aerial photographs from December 3, 1995, were also used in the evaluation.

Other (EnvironmentaUCultural Resources at Risk)

A rating between 0 and 10 was assigned for each site. The standard for rating assignment was
0 when no environmental and cultural resources were at risk and 10 when environmental and
cultural resources were at risk. Due to the dynamic nature of envi¡onmental and cultural
resources, a detailed standard for rating assignment was not used. Each site was assigned a
rating based on the analyst's judgement. The evaluation was simplified because 32 of 36 sites
did not have any known environmental or cultural resources at risk and were therefore assigned
a rating of 0. The sites with environmental and cultural resources at risk included:

Site 1

Site 2
Site 9

A native hardwood forest is located at site 1. A rating of 6 was assigned for site 1. An eagle's
nest is located at site 2. Arutng of 5 was assigned for site 2. An eagle's nest is located at site
9. A rating of 5 was assigned for site 9. A railroad line is located next to site 12. The potential
for derailment as a result of erosion posses the danger of an environmental disaster if a toxic
chemical were spilled into the river during a derailment. A rating of 5 was assigned for site 12.

Data collected during the field inspections was used to aid the analyst's judgement. Aerial
photographs from December 3,1995, were also used in the evaluation.

1.
7

J.
4. t2iteS
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V. COST ESTIMATES FOR REINFORCED RBVETMENT

The purpose of this report is to identify bank erosion sites and to rank the sites to provide a
basis for determining the sites to gather additional information for preliminary design. Due to
the limited scope of this study the cost estimates are based on a $200 per foot cost of eroding
bank. This is a typical cost of a Corps of Engineers bank erosion structure. The actual cost may
be significantly different depending on the actual length of bank protected, the height of the
bank above the waterline, the depth of the river, and the geometry of the bankline.

For sites with length of 1,000 feet or less, the cost estimates for bank stabilization were
determined by estimating the cost at $200 per linear foot of site. Where sites were greater than
1,000 feet, the revetment was segmented leaving unprotected gaps of 500 feet between segments
of 1,000 feet revetment. The most downstream segment of the revetment for each site may be
less than 1,000 feet depending on the total length of the site and the potential segmentation. The
cost estimates for reinforced revetment for sites greater than 1,000 feet were determined by
estimating the cost at $200 per linear foot of revetment. Table 2 contains a listing of the cost
estimates for each site. These cost estimates are very preliminary and are presented to illustrate
the scope of the problem. Each site will need to be investigated further to determine actual costs
and the best method of dealing with erosion at each site. The use of 1,000 foot revetments with
500 foot gaps is a tool for estimating cost and is not meant to represent a preliminary design, the
actual structure would likely have smaller revetments and gaps that would totaI2l3 protected
and 1/3 left unprotected.

The reach length from Garrison Dam to Lake Oahe is 87 miles. Therefore, there are 174 miles
of riverbank. At present, approximately 52 miles (30 percent) of riverbanks are protected, while
105 miles (60 percent) of riverbanks are not considered in danger of erosion. The remaining 17
miles (10 percent) of riverbanks are identified in this report as endangered by erosion. The total
estimated cost for reinforced revetment for the 17 miles of riverbanks is $13,640,000.

VI. SUMMARY

This report documents the process used to create a rated listing of Missouri River bank erosion
sites. Table 2 presents the rated listing of Missouri River bank erosion sites. The data used to
create the rated listing was obtained during field inspections. The evaluation of the field data
was supplemented by review of aerial photographs and drawings. Table 2 contains a listing of
cost estimates for each site. The total estimated cost for reinforced revetment for all sites is
$13,640,000. Bank erosion along the Missouri River continues to cause personal and business
income losses, property tax revenue losses, irrigation pump site losses, natural hardwood forest
losses, delta formation, and associated impacts to adjacent land. These losses will continue to
mount until the Corps of Engineers mitigates the impacts being caused by the operation of
Garrison Dam as directed in Section 33 of Water Resource Development Act of 1988.

\,;
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ÀPPENDIX À

Section 33 of the Water Resources Development Àct of 1988 Pub. LNo. 100-676, Section 33, 1-02 Stat. 4013 (1988)

sEc. 33. urssouRl RIVER BETWEEN FORT PECK DÀt{, I{Oì{[ÀNÀ,
ÀND GÀVINS POrNT DÀtf, SOUTII DÀKOTÀ ÀND NEBRÀSKÀ.

Section 9 of the Àct entitled "Àn Àct authorizing
construction of certãin public works on rivers and harbors
flood control, and for other purposes", approved December
L944 (58 Stat. 891), is amended by adding at the end thereoffollowing new subsection:

the
for
22'
the

"(f) The Secretary of the Àrmy is directed to undertake such
measures, including maintenance and rehabilitation of existingstructures, which the Secretary determines are needed toalleviate bank erosion and related problems associated withreservoir rel-eases along the llissouri River between Fort Pebk
Dam, Montana, and a point 58 miles downstream of Gavins Point
Dam, South Dakota, and Nebraska. The cost of such measures maynot exceed $3r000r000 per fiscal year. Notwithstanding any otherprovisions 'of 1aw, the costs of these measures, including thecosts of necessary real estate interests and struqtural features,shal-I be apportioned among project proposes- (sic) as ajoint-use operation and maintenance expense. fn lieu ofstructural measures, the Secretary may acquire interests inaffected areasr âs the Secretary deems appropriate, from wilJ-ing
sel-Iers. "

1. This apparent tlpographical error "proposes" rather than
"purposes" was made in the conference committee report on thebiLl and subsequently carried over to the statute itself.
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APPENDIX B

AERIAL PHOTOS
OF

IDENTIF'IED SITES
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