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EXECUTIVE SUMMARY 

The inlet on the Minnesota River of the port of the Continental Grain Company 
near Savage, Minnesota has a continuing problem with silting. This problem is caused by 
a tendency for the bends of the Minnesota River near the site to shift downvalley over the 
last several decades. The inlet used to be located at the upstream end of the outside of a 
bend, where the flow is deep. The bend has migrated downstream, so that the inlet 
entrance faces a shallow crossing between bends. The siltation problem will worsen 
slowly in time as the river continues to migrate downvalley. 

A twofold solution to the problem is suggested. The first consists of protecting 
the northern, eroding bank of the river opposite the inlet in order to stop further channel 
shift. The second consists of constructing a rock spur dike across the upstream portion of 
the inlet entrance to greatly reduce the inflow of sediment~laden water during floods. In 
addition, the spur dike would deflect the bottom flows, which carry most of the river sand, 
away from the inlet and toward the channel center. The solution is illustrated in Figure 15 
of this report. 

The above two concepts are justified using engineering guidelines and presented in 
some detail. Further steps toward implementation would include a) design and costing by 
a competent engineering finn and b) approval of the U.S. Army Corps of Engineers. 
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INTRODUCTION 

The Continental Grain Company operates a port on the Minnesota River near 
Savage for the purpose of loading grain onto barges for down~river shipment. The port 
consists of an inlet excavated into the south bank of the Minnesota River (Figure 1). The 
inlet was excavated between 1957 and 1962. Its position corresponds to the upstream 
limit of navigability of the Minnesota lliver. The U. S. Army Corps of Engineers dredges 
up to this point in order to maintain conditions for navigation. In recent years the inlet has 
been subject to siltation, resulting in increased requirenients for dredging in order to 
maintain navigability into the inlet. This report is devoted to a study of the problem and 
its rectification. 
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DATA COLLECTION AND ANALYSIS 

A body of data was collected in order to analyze the problem. The material 
collected include the following: 

• the most current topographic map of the area at a scale of 1 :24,000, dated 
1967 (revised 1993); 

• nine aerial photographs of the site dated 1957, 1962, 1964, 1967, 1971, 1980, 
1987, 1990 and 1992; 

• seven maps from the U. S. Army Corps of Engineers showing river soundings 
in the vicinity of the site, dated 1982, 1983, 1988, 1990, 1992, 1994 and 1996; 

• hydrologic records for the gaging station on the Minnesota River at Jordan, as 
supplied by the U.S. Geological Survey; 

• a current rating curve for the Jordan gaging station, as supplied by the U.S. 
Geological Survey; and 

• sediment samples from the site collected by the authors. 

A copy of the relevant part of the topographic map is here reproduced as Figure 1. The 
eight aerial photographs are given here as Figures 2a ",,·2i. The rating curve for Jordan is 
given as Figure 3. The sounding of July 24, 1996 is shown as Figure 4. 

Three site surveys were conducted during the course of the study, one in May, 
1996 and two in August, 1996. Sediment samples taken during the second site visit were 
dried and sieved down to 43 microns at St. Anthony Falls Laboratory. 

The Jordan gaging station is the nearest gaging station to the site on the Minnesota 
river; it is located 40 miles (65 km) upvalley. The gaging station is sufficiently close to 
allow for reasonably accurate estimates of hydrologic conditions at the site. This site is, 
however, strongly affected by backwater from the Mississippi River, which is not far 
downstream. Backwater effects are strongest at low flow. 

Floodplain elevation at the site was estimated to be near 701 ft (213.6 m). A flood 
frequency diagram is given in Figure 5 based on the Jordan gaging station. The 2, 3 and 
10-year floods were estimated to be 17,200 (487), 23·,200 (657) and 50,000 (1416) cfs 
(m3/s). Bankfull discharge is near 22,000 cfs (623 m3/s), and has a recurrence period of 
2.9 years. Average channel depth, width and velocity at bankfull flow are found to be near 
17.5 ft (5.3 m), 320 ft (47.5 m) and 3.93 ft/s (1.2 mls). Floodplain width at the site is near 
4500 ft (1372 m). 

Water surface slope varies strongly with stage due to the effect of backwater from 
the Mississippi River. This notwithstanding, an overall value of water surface and energy 
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slope at flood conditions was estimated to be near 0.00010, or 0.52 ft/mile. This and the 
above information, combined with the rating curve shown in Figure 3 were used to 
estimate values of Manning's n (resistance coefficient) for the channel and the floodplain; 
these were found to be 0.0255 and 0.042, respectively. These parameters are necessary in 
order to determine approximate flow velocities in the channel and floodplain during 
floods. At a 10"year flood, for example. it was estimated that of the total discharge of 
50,000 cfs (1416 m3/s) 64 percent would be concentrated in the channel and 36 percent 
would be dispersed over the floodplain. 

The aerial photographs provide an overall view of the geomorphic setting. The 
river is a classical low~slope, meandering sand"bed stream. The bends show a general 
tendency to migrate outward and downvalley in time. Figure 6 provides an overlay of the 
1957 and 1992 aerial photographs. The tendency for migration is clearly seen there. In 
the vicinity of the inlet, the channel has been migrating at a rate of 1.2 ft/year (0.37 
m/year) normal to its centerline over the period in question. The direction of migration is 
toward the northeast. That is, the north bank is eroding and the south bank to which the 
inlet connects is depositing. 

The overall tendency of the river is, then to silt in the inlet over time. The rate of 
river migration is sufficiently slow such that the problem will only grow incrementally 
worse. This notwithstanding, in 20 years the south river bankline can be expected to have 
moved some 24 ft (7.4 m) to the northeast, i.e. away from the inlet. 

The north bank opposite the inlet is shown in Figures 7a and 7b. The bank is 
steep, with slumps at its bottom, and has all the characteristics of an eroding bank. The 
south bank just downstream of the inlet is shown in Figure 8a; part of the south bank 
upstream of the inlet is visible in Figure 8b. These gentle banks were formed by sediment 
deposition. Visual inspection of the site thus confirms the above conclusions reached from 
a study of aerial photographs. 

It can also be seen from the aerial photographs that the inlet is located at an 
inflection point, or crossing between two bends of the Minnesota River. This position has 
important implications for the siltation problem. Bends tend to be deep on the outside and 
shallow on the inside. Crossings tend to be of relatively uniform, somewhat shallow depth 
across the channel. 

The tendency for the river to migrate downvalley is reflected by an observed 
downstream movement of the crossing, here defined as the shallow zone between two 
bends. The seven maps of river soundings mentioned above were used to construct the 
map of crossing position shown as Figure 9a. Shown therein are the crossings for 1982, 
1988, 1992 and 1996. The downstream migration of the crossing is clearly evident. In 
Figure 9b the borders of relatively deep zones associated with bends upstream and 
downstream of the crossing are shown for the same years. In 1982 the upstream end of the 
pool of the bend just downstream of the site impinged upon the downstream end of the 
inlet entrance. This maintained relatively deep water along the downstream half of the 
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ENGINEERING ANALYSIS 

The siltation problem will continue to worsen over time if the north bank opposite 
the inlet continues to erode. The pattern of Figure 6 indicates that erosion will continue 
unless the bank is protected. Vvith this in mind, it is recommended that steps be taken to 
control erosion of this bank immediately opposite the inlet. 

The cessation of erosion of the opposite bank will prevent the problem from 
worsening, but will not solve or prevent the present problem. With this in mind, two 
further countermeasures were considered. The first of these are Iowa vanes. Iowa vanes 
are low vanes placed in the bed of a stream in order to' deflect the sediment-laden bottom 
flow in a desired direction. They have been found to be successful in numerous practical 
applications on rivers. In the present case, it is desired to deflect the bottom flow away 
from the inlet entrance and toward the center of the channel. A possible placement is 
shown in Figure 14. 

Iowa vanes were rejected for the present application. Because the crossing 
between bends is presently located at the inlet, there is no deep water in which they could 
be placed. As a result, their placement entails further restrictions on navigation at a point 
that already has problems at low flow. 

The other option explored was a riprapped spur dike extending from the upstream 
end of the inlet, as illustrated in Figure 15. The spur dike shown there has two portions, 
one parallel to the south bank and one slightly angled inward toward the river center. The 
upstream portion acts to prevent all but flood flows from entering the inlet. In addition, 
during floods the water entering the inlet would be taken from the upper part of the flow, 
thus containing a lower concentration sediment (and a finer range of sizes) than the 
bottom flow which most likely causes the siltation problem. 

Two benefits are obtained by angling the downstream end of the spur dike into the 
flow. The slight constriction that it creates should create some general scour of the main 
channel. In addition, the local scour hole around the tip should help maintain navigation 
depths precisely where they are needed. A conceptual view of the scour hole is shown in 
Figure 15. 

The above concepts were further refined using engineering analysis. A tentative 
choice for stabilizing the north bank involves the use of hard points, or very short spur 
dikes. A possible placement involving five if them is shown in Figure 15. They can be 
formed by end-dumping riprap from trucks. This alternative is likely cheaper than placing 
a line of continuous riprap along the north bank. In addition, by placing one of the hard 
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points immediately opposite the tip of the spur dike, it is possible to obtain some added 
channel constriction, and thus additional general bed scour. A possible disadvantage of 
hard points is that they may present an obstacle to dredging by the Corps of Engineers. 

A sizing for the riprap was performed using the bankfull and 1 O~year recurrence 
floods. The effective velocity at the tip of the hard points was not found to exceed 6.1 ft/s 
( 1. 86 ml s), even including the effects of channel contraction. N eiJI (1973) recommends 
the following nominal 1 ~ft riprap specifications as appropriate for effective flow velocities 
up to 10 ft/s (3.05 m/s): 

100% smaller than 
at least 20% larger than 
at least 50% larger than 
at least 80% larger than 

18 inches 
14 inches 
12 inches 

8 inches 

or 
or 
or 
or 

300 lb. 
150 lb. 

80 lb. 
25 lb. 

Riprap of this grade is readily available in Minnesota as limestone quarry mbble, which is 
commonly used for scour protection on the Minnesota River and other local rivers. 

The spur dike could be similarly formed by end~dumping from tmcks. A top width 
of abou! 10ft (3.05 m) would be appropriate. The core ofthe spur dike could be made at 
low flow from a convenient fill material. The core would then be covered by either a 
geotextile or standard filter layer in order to prevent leaching of fill, and then further 
covered by a layer of riprap with a thickness of two stones of the nominal size of the 
riprap. An extra stockpile must be added at the base on the river side of the spur dike in 
order for protection against local scour, which could otherwise cause the riprap to ravel. 
The stockpile must be even larger around the tip of the spur dike, where the deepest local 
scour is expected. This stockpile would be self~launching; it would migrate to the bottom 
of the scour hole during the first major flood after placement. 

An analysis of riprap stability for the spur dike similar to that for the hard points 
yielded a maximum effective flow velocity at the 1 O~year recurrence flood of 6.1 ft/s (1.86 
m/s). With this in mind, the l~ft riprap specified above for the hard points should be 
appropriate for the spur dike as well. 

Suggested dimensions for the spur dike are shown in Figure 15. The top elevation 
of the upstream p01iion should be at or slightly below floodplain elevation, i.e. near 700 ft 
(213.4 m). The top elevation of the downstream portion, which protmdes into the flow, 
would likely have to be angled downward; a slope of about 1/10 is recommended, so that 
the elevation of the top of the tip is below about 693 ft (211.3 m). This downward slope 
of the spur dike would not increase its effectiveness in preventing siltation. Rather, it 
would render the dike less of an obstacle at flood flow, thus minimizing undesirable 
backwater effects that otherwise might cause the Corps of Engineers to veto the stmcture. 

Implementation of the above scheme would not eliminate the need for dredging. It 
should, however, greatly reduce dredging and improve navigability at the inlet entrance. 

8 
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A flow reattachment gyre can be expected near the downstream end of the inlet, as shown 
in Figure 15. This would locally increase sedimentation. The location is such that the 
adverse effects on navigation due to this would appear to be limited. 
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CAUTIONARY NOTES 

The above analysis has been performed without the benefit of either a hydraulic 
model study or a numerical model such as TABS~2. The conclusions could be further 
refined using more sophisticated tools. 

The proposed concepts for alleviating the siltation problem do not constitute 
engineering design. The scheme should be reviewed and costed by a competent firm 
specializing in engineering design before implementation. 

No project similar to the one suggested above can be implemented on the 
Minnesota River without the approval of the U.S, Army Corps of Engineers. The project 
must be designed so that its effect on flood flow stages is negligible. 

REFERENCE 

Neill, c.R. (1973). Guide to Bridge Hydraulics. University of Toronto Press. 191 p. 
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Figure 2a Aerial photograph of the study site in 1957, before pOJi constI1lction. 
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Figure 2b Aerillillhotogrllph of the study site in 1962. 
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U Figure 2c Aerial photograph of the stud~' site in 1964. 
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Figure 2d Aerial photograph of the study site ill 1967. 
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Figure 2e Aeriaillhotograllh of the study site in 1971. 
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Figure 2f Aerial photograph of the study site in 1980. 
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Figure 2g Aerial photograph of the study site in 1987. 
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Fil,rure 211 Aerial photograph of the study site in 1990. 
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Figure 2i Aerial photograph of the study site in 1992. 
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Figure 7 a View of the eroding north bank of the Minnesota River OPllosite the inlet. 
Flow is from left to right. 

Fil,rure 7b Close-up of the eroding north bank. Flow is from left to right. 
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Figure 8a View of the depositing 
south banle of the 
Minnesota River at the 
downstream end of the 
inlet, looldng 
downstream. (top) 

Figure 8b View of the depositing 
south banle of the 
Minnesota dver both 
downstream and 
upstream of the inlet, 
looleing upstream. 
(below) 
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Figure 11a View of the marsh 
looldng upstream 
from the dam on the 
small channel 
flowing into the llOrt 
inlet. (to)» 

Figure 11b View of the channel 
flowing into the port 
inlet looldng 
downstream from 
the dam at the 
marsh. (below) 
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Figure 13 Grain size distributions of the sediment samples. 
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