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Preface 

The Director/Waterways Experiment Station, in a letter to the 

President, Mississippi River Commission, dated 18 January 1953, subject 

"Improved Methods of Revetment Soil Investigations," discussed an empir

ical method for determining the stability of Mississippi niver banks and 

recommended the use of that method by the three districts of the Lower 

Mississippi Valley Division in soils investigations performed in connec

tion 1-ri th revetment projects. 

The empirical method of determining bank stability was further 

described in "Summary Report of Soils Studies," Potamology Report No. 

12-2, which also included estimates as to bank stability at a number 

of sites along the Mississippi River. At the time that report was 

published it was suggested that boring data acquired in future routine 

investigations be examined and that bank stability estimates be made by 

the proposed empirical method. This procedure would further establish 

the validity of the method and permit desirable refinements. The Presi

dent, Mississippi River Commission, in a letter dated 18 February 1953 to 

the Director, lvaterways Experiment Station, subject "Proposed Potamology 

Study - Soils," endorsed the proposed study and issued instructions to 

the three districts concerned to forward the necessary data to the Water

ways Experiment Station. 

Authority to proceed with the study was received in a letter from 

the Mississippi River Commission to the districts of the Lower Mississippi 

Valley Division, dated 25 June 1953, subject "Earmarking of District 

Funds for ~·Tork Assigned to the Waterways Experiment Station." 

Messrs. W. J. Turnbull, W. G. Shockley, A. A. Maxwell, and G. D. 

Jones of the Soils Division, Waterways Experiment Station, were actively 

engaged in the investigation. This report was prepared by Mr. Jones. 

191 10 
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VERIFICATION OF EMPIRICAL METHOD OF DETERMINING SLOPE STABILITY 

Purpose and Scope of Investigation 

1. The purpose of the investigation reported herein was to evaluate 

soils data, collected by means of routine borings made in the banks of 

the Lower Mississippi River, in order to determine the validity of an 

empirical method of determining susceptibility of river banks to flow 
slides. 

2. Thirteen sites along the Lower Mississippi River, between miles 

190 and 871 above Head of Passes, were studied in this investigation. 

They are listed below, and are grouped with respect to the Corps of Engi

neers districts in which they are located. 

Memphis District 

Peters, Ark. 
Hathaway Landing, Tenn. 
Rescue Landing, Miss. 
Merriwether Bend, Tenn. 
Barfield, Ark. 
Little Cypress Bend, Mo. 
Heloise, Tenn. 
Toney's Towhead, Tenn. 

Vicksburg District 

Milliken Bend, Ark. 
Browns Point, Miss. 
Cracraft, Ark. 

New Orleans District 
Coochie, La. 
White Castle, La. 

3. As this study is a test of a proposed method of analysis, factors 

other than those on which the method is based have been purposely ex

cluded. For example, the past and present behavior of the banks, pos

sible presence of better materials landward, orientation of bank with 

respect to river, and other obvious factors, have not been considered. A 

complete bank stability analysis would, of course, be based on all factors 

that could possibly influence stability, and is beyond the scope of this 

study. 
. 

4. It should be emphasized that the data used in compiling this 
I 

report were collected by the three districts in routine investigations of 

soil conditions at proposed sites for new revetments or at revetments 



2 

being repaired. No special field investigations, including deep undis

turbed borings or penetrometer (resistance) soundings, were authorized to 

obtain data for this study. 

5. The methods used by the three districts in sampling sands below 

the ground-water table varied to some extent. In the Vicksburg District 

a bailer was used to obtain the sand samples below the water table. The 

Memphis District used a bailer where the overburden was relatively thin 

and the sand stratum deep, and a Hvorslev, thin-wall, piston sampler where 

the sand formation was penetrated to a shallow depth (10 to 15ft). The 

New Orleans District used a small, 1-3/8-in. ID core barrel with a 200-lb 

drop hammer in all sa~ling work. This method of sampling is employed 

primarily in determining penetration resistance, but the samples obtained 

are generally representative of the stratum sampled as there is little or 

no opportunity for loss of fines. 

6. The samples obtained with the core barrel and drop hammer and 

the Hvorslev piston-type sampler are representative and provide a true 

grain-size distribution. A comparison of grain-size distributions of 

samples recently obtained by the bailer and split-spoon methods, from two 

closely spaced (10 ft apart) borings along the Upper Mississippi River, 

shows that the grain diameters at 10 per cent passing, and the permeabili

ties obtained from the bailer samples are appreciably greater than those 

obtained from the split-spoon samples. The bailer samples used in this 

analysis were assumed to give a reasonably true grain-size distribution, 

but as evidenced above by the samples from the Upper Mississippi River, 

a considerable loss of fines can be expected in bailer sampling and this 

may have affected the determination of the various zones as described 

subsequently. 

Discussion of Empirical Criteria for 
Determining Slope Stability 

7. The following discussion, based on data accumulated as a part of 

the potamology investigations and related studies of caving banks, con

cerns the soil conditions involved in the criteria for bank stability. 

8. The following basic soil conditions have been found to be 



3 

associated with liquefaction-type failures and are set forth in Potamology 

Reports 9-1 and 12-2 (see list of reports on inside of front cover). 
a. -
b. -

c. -

d. -

Liquefaction failures occur in point bar deposits. 

Point bar deposits usually contain three basic soil types: 
a somewhat cohesive overburden, an underlying clean, fine 
sand called the "upper sand series," and, in turn, under
lying coarse sands and gravels called the "lower sand 
series." 

The stability of a given slope is dependent upon the rela
tive thicknesses of overburden and a stratum of fine sand 
existing within the upper sand series. Where these condi
tions are critical the shape of the failure may be influ
enced by variations in thickness of overburden. 

The failures have never been known to extend into the lower 
sand series. 

9. The upper sand series is subdivided into two zones, A and B, 

based on variations in sand grain size, density of the sands, and/or cone 

penetration resistance. At sites where failures have occurred, the 

boundary between zones A and B corresponds to the depth of failure. 

Grain size and density appear to be related functions and can be used 

either independently of each other, or in conjunction, to determine this 

boundary. The changes in grain size and density that mark the boundaries 

between all soil types are shown in table 1. It should be noted that 

zone B may contain occasional thin strata of sands as fine as those en

countered in zone A, but predominately it contains coarser and more dense 

material than zone A. Conversely} the occurrence of several very thin 

(1 ft or less in thicltness) strata of medium or coarse material in a 

substantial thickness of fine sand (greater than 20 ft) is not considered 

sufficient reason to prevent its classification as zone A. 

Soil characteristics 
within the upper sand series 

10. A given stratum of sand has a given grain-size distribution and 

can be represented by a single number, D , called the "peak grain diam-
P 

eter." This number is equivalent to the modal size of the grain-size 

distribution and is approximately equal to the 50 per cent size of a 

cumulative distribution. For convenience in analysis, a number called 

the N value is used; this N value is a measure of D p 
on an arbitrary 
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numerical scale. Zone A includes all clean fine sands of which more than 

50 per cent is finer than the No. 60 sieve size*. 

approximate N value of 18, or D = 0.272 mm. 
p 

This corresponds to an 

These sands have natural 
densities less than 102 lb per cu ft and average relative densities less 
than 78 per cent (appendix A, Potamology Report 12-2). 

11. Zone B includes all medium sands of which less than 50 per cent 

is finer than the No. 60 sieve. The N value is equal to or greater 

than 15 and less than 18, which corresponds to Dp values equal to or 

less than 0.46o mm and greater than 0.272 mm. The natural density of the 

sands is greater than 102 lb per cu ft and less than 106 lb per cu ft. 

Soil characteristics 
within the lower sand series 

12. The lower sand series includes all coarse sand and gravel of 

which less than 50 per cent will pass the No. 40 sieve. This corresponds 

to an N value of less than 15 (D greater than 0.46 mm). The natural 
p 

density of these sands is greater than 106 lb per cu ft. 

Thickness of zone A 
compared to overbank thickness 

13. The presence of a given thickness of zone A does not always 

signify that a site is unstable. A comparison of the conditions at stable 

and unstable sites previously investigated (upper plot, plate 1) shows 

that stability is apparently governed py the ratio, R , of thickness of 

overburden to zone A thickness. Plate 1 shows that sites of known sta

bility have a ratio of overburden thickness to zone A thickness equal to 

or greater than 1.4. Unstable sites have consistently had an R value 

equal to or less than 0.85, with a range of uncertainty falling between 

these limiting values. 

Limitations of the criteria 

14. Two important limitations apply to the criteria advanced con

cerning the stability of slope and depth of failure. A range of uncer

tainty in the value of R exists between values of 0.85 and 1.40 where 

it is not known whether the combination is stable or unstable. To date, 

* All sieve sizes are U. s. Standard. 
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only one site investigated has provided data which fall within this range 

of uncertainty. Also, for failures to occur there must be a minimum 

thickness of zone A, which is believed to be in the order of from 20 to 

25 ft, but further study is needed to substantiate this assumption. 

Variability of soil conditions 

15. It is knoW11 from previous investigations of the variability of 

soil conditions within typical sand deposits that changes in the thick

ness of zone A can occur in point bar deposits in a horizontal distance 

of 250 ft. Because of the tvide spacing (usually 1000 ft or more) of 

borings at the sites studied, it is reasonabl~ to assume that appreciable 

changes in soil conditions may occur between corings. The results pre

sented in this report are based on the assumption that strata are contin

uous between borings. 

Methods of Analysis 

16. The data furnished the l•Taterways Experiment Station by the 

Memphis, Vicksburg, and New Orleans Districts, for use in the study, 

consisted of logs of borings, mechanical analyses of soil samples, and a 

hydrographic survey map of each site showing the locations of borings. A 

summary of map data is shown in table 2. 

17. The percentages of material passing the No. 40 and No. 60 

sieves were used in defining the upper and lower sand series and zones A 

and B of the upper sand series. Data supplied by the Memphis and New 

Orleans Di stricts included the plotted grain-size distribution curves. 

The percentages passing the No. 40 and No. 60 sieves were taken directly 

from the curves. 

18. The peak grain 

the zones. The per cent 

diameter, D , was also used to aid in defining 
p 

of material by dry weight retained on each sieve 

was taken from the grain-size curve and plotted versus grain diameter on 

3-cycle semilog paper. The peak grain diameter, DP , was obtained from 

the intercept of the straight-line projection of the two sides of the 

log-frequency curve. 

19. Data supplied by the Vicksburg District included the actual 
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sieve analysis sheets. The percentages retained and passing the different 

sieves were easily obtained directly from these sheets. 

20. Each sample was classified as either overburden, upper- or 

lower-sand series materials by means of the percentages of material 

passing the No. 40 and No. 60 sieves, the actual peak grain diameter in 

millimeters, and the equivalent N values (based on an arbitrary numeri

cal scale). The upper sand series was subdivided into zones A and B. 

21. The various series and zones were delineated on the soils pro

file using the assumption that the strata were continuous between borings. 

It can be seen from the lower plot on plate 1 that the data obtained in 

this investigation, by the procedures listed in the above paragraphs, 

were plotted in the same manner as those included in Potamology Report 

12-2. This method consisted of plotting the actual ranges in thickness 

of overburden and zone A rather than using one ratio for a particular 

site. Lines joining the limits of the overburden and zone A and bisect

ing each other were dravn if the overburden varied in thickness between 

10 ft and 50 ft and zone A between 0 and 30 ft, thus encompassing the 

total range of thicknesses found at the site. The plotted lines could 

then be compared to the lines representing the limits of stability set 

forth in paragraph 13. It was possible by using this method to predict 

the general over-all stability of each site. In addition, determination 

was made of the stability of the bank at the specific location in each 

site where the ratio of overburden to zone A thicknesses gave the lowest 

R value, that is, at the most critical condition at that site from the 

standpoint of stability. These R values are listed in table 3· 

Site Investigations 

Coochie, La. 
22. Five general sample borings were made in February and March 1953 

in the vicinity of Coochie, La., on the right bank of the Mississippi 

River, approximately 315 MAHP*. These borings indicated the presence of a 

* MAHP indicates river miles above Head of Passes. 
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top stratum of point bar overburden soils varying in thickness from 72 ft 

to 130 ft, and consisting of silt, silty sand, lean clay, and strata of 

fat clay. The substratum consists of zone A sands of the upper sand 

series varying in thickness from 5 ft to 21 ft while zone B varied from 

0 ft to 20 ft in thickness. The ratio of minimum overburden thickness 

to maximum zone A thickness is greater than 3, which is indicative of a 

stable condition with respect to failures caused by liquefaction. 

White Castle, La. 

23. Four general sample borings were made in March 1953 at the 

upper end of White Castle revetment on the right bank of the Mississippi 

River near White Castle, La., approximately 193 MAHP. These four borings, 

located approximately 1000 ft apart, were drilled to an average depth of 

132 ft or to elev of -100 ft msl. The average overburden thickness 

between ranges 16-U and 40-U is 124 ft and consists of a massive stratum 

of fat clay with a few thin layers of silt, lean clay and silty sand. 

All borings were stopped after penetrating approximately 5 ft into the 

substratum of clean fine sand. They did not penetrate the massive sand 

formation to a sufficient depth to permit determinations of the bound

aries of the upper and lovrer sand series. So far as is kno~, no flow 

failures in mass:i.ve sands have occurred at sites with overburden thick

nesses of this magnitude and on this basis the site is classified as 

stable. 

Milliken Bend, Ark. 

24. Three borings were made in August 1952 in the vicinity of the 

Cabin Teele crevasse of 1927, on the right bank of the Mississippi River, 

approximately 446.1 to 446.7 MAHP. The overburden in this reach consists 

of channel-filling materials -- clay, clayey silt, silty clay, and sandy 

silt -- varying in thickness from 29 ft to 54 ft. The substratum consists 

of very fine, fine, and medium sands of zone A varying from 14 ft to 34 ft 

in thickness which are underlain by zone B and the lower sand series. As 

determined from these borings, the ranges of overburden and zone A thick

ness combine to give an R value that indicates that the site is not 

susceptible to liquefaction-type failures. 
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Peters, Ark. 

25. Nine borings were made in March 1953 just downstream of the 

Peters, Ark., revetment, on the right bank of the Mississippi River, 

approximately 689 MAHP. Channel-filling soils consisting of fat and lean 

clay, silt, and silty sand comprise the overburden which varies in thick

ness from 26 ft to 57 ft. The overburden between sta 185+00 and sta 

235+00 is underlain by medium and gravelly sands of the lower sand series 

with the exception of a small area in the vicinity of sta 220+00 where a 

23-ft stratum of zone B sands occurs. Between sta 235+00 and sta 270+00 

the channel-filling overburden soils are underlain by a stratum of zone A 

sand varying in thickness from 9 ft to 16 ft, instead of the lower sand 

series as is normally the case. Inspection of the data indicates an area 

of general stability, the R value for the most critical situation being 

2.67, a value well above the lower limiting value of stability. 

Hathaway Landing, Tenn. 

26. Twelve borings were made in January and February 1953 at 

Hathaway Landing, Tenn., on the left bank of the Mississippi River between 

856.6 and 858.2 MAHP. The overburden consists of 13 ft to 53 ft of point

bar type deposits -- silt, silty sand, strata of fat and lean clay, with 

a few fine sand strata. This is underlain by the upper sand series which 

varies in thickness from 4 ft to 34 ft. Zone A ranges in thickness from 

2 ft to 20 ft. At sta 318+00 the overburden changes to the channel

filling type which is underlain directly by gravelly sands and sandy 

gravels of the lower sand series. The values of the ratio R of over

burden thickness to zone A thickness generally exceed the lower limiting 

value of stability (R = 1.4) thus indicating the area to be stable with 

respect to liquefaction-type failures. At one location (sta 280+00) the 

R value appears to be less than 0.85, the upper limiting value of insta

bility, which is indicative of an unstable area. 

Rescue Landing, Miss. 

27. Fifteen borings were made at Rescue Landing, on the left bank 

of the Mississippi River between 623 and 626 MAHP, during the months of 

November and December 1952. Soil conditions between base-line sta 70+00 

and sta 175+00 are fairly uniform. The top stratum is composed of silty 
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sand, silt and lean clay approximately 15 ft in thickness, underlain by a 

stratum of fat clay varying in thickness from 10 ft to 45 ft. The sub

stratum consists of fine, medium, and gravelly sands which are classified 

as materials of the lower sand series. Near base-line sta 175+00 a very 

definite change occurs in the type and thicknesses of soils composing 

both the overburden and substratum. The overburden consists of silt, 

silty sand and lean clay, the thickness decreasing from 50 ft at sta 

180+00 to 20 ft at sta 215+00. The substratum here consists of zone A 

sands varying in thickness from 26ft to 51 ft. The area between sta 

70+00 and sta 175+00, comprised of channel-filling soils, does not appear 

to be susceptible to failure by liquefaction. A thick stratum of zone A 

sand existing between sta 175+00 and sta 215+00 makes this area suscep

tible in varying degrees to failure by liquefaction. Additional borings 

downstream of sta 215+00 would aid in determining the extent of the area 

of susceptibility. 

28. It should be noted that the area between sta 175+00 and sta 

215~~0 is composed of thicknesses of overburden and zone A soils which 

cause it to fall in the range of uncertainty on plate 1, lower plot. 

This is the first case of an area that plots within the range of uncer

tainty and would be an ideal area to watch closely so that refinements 

might be made in the original stability criteria. 

Merriwether Bend, Tenn. 

29. Two general sample borings were made in February 1953 approxi

mately 3000 ft below the lower end of the Merriwether Bend revetment on 

the left bank of the Mississippi River, 874 MAHP. The overburden consists 

of point bar deposit materials -- silt, silty sand, clay, and fine sand, 

which are underlain by zone A and B sands of the upper sand series. At 

sta 326+00 the overburden is underlain by sands of the lower sand series. 

At sta 336+00 the overburden is underlain by 15 ft of zone A sand which, 

in turn, is underlain by the lower sand series. The ratio R of over

burden thickness to zone A thickness for the limited area in question 

exceeds the lower limiting value of 1.4, which indicates the area to be 

stable with respect to flow failures. 



Barfield, Ark. 

30. Barfield revetment is located 

sippi River approximately 811-812 MAHP. 

10 

on the right bank of the Missis

Approximately 1-1/2 miles of 
revetment were placed in 1952 

direct attack by stream flow. 
in a location where the riverbank is under 

Eleven borings were made just landside of 

the top of the revetment and eleven were made just downstream of the 

revetment. Soil conditions between sta 270+00 and sta 310+00 indicate 

a fairly thin layer of point bar overburden soils consisting of silt, 

lean clay, and silty sands which are underlain by a stratum of zone A 

sands varying in thickness from 0 to 41 ft. Two pockets of discontinuous 

strata of cohesive materials 5 ft and 2 ft thick appear at depths of 28 

ft and 39 ft. It is believed that these clay and silt lenses will not 

permit the sand to dissipate pore pressures at a faster rate than that 

occurring in a uniform deposit of fine sand. As these pockets do not 

contribute to the stability of the fine sand, they were considered as 

part of the zone A thickness, and the data were interpreted accordingly. 

31. The area between sta 310+00 and sta 405+00 consists of channel 

filling materials, fat clay, silt, and lean clay, underlain by zone A and 

B sands of the upper sand series, which in turn are underlain by the lower 

sand series. There is a deep stratum of fat clay approximately 75 ft 

thick at sta 380+00 which is probably the center of an abandoned river 

meander. Between sta 320+00 and sta 360+00 the substratum consists of a 

stratum of zone A sands approximately 14 ft thick. It is thought that 

the zone B sands approximate 25 ft in thickness in the same reach. The 

area between sta 360+00 and sta 390+00 is underlain directly by the zone 

B sands varying in thickness from 0 to 36 ft. From sta 390+00 to sta 

482+50 the overburden is again of the point-bar-deposit type consisting 

of silt, silty sand, lean clay, and a few thin strata of fat clay which 

are underlain directly by the lower sand series with the exception of two 

pockets of zone B sands which extend from sta 415+00 to sta 440+00 and 

from sta 452+00 to sta 482+00; the pocket in the latter area is approxi

mately 23 ft thick. 
32. The ratio R of overburden thickness to zone A thickness for 

the area between sta 270+00 and sta 285+00 is less than 0.85, the upper 



limiting value 1 thus indicating susceptibility to flow failures. The 

area extending from sta 285+00 to sta 482+50 is represented by an R 

value exceeding the lower limiting value of stability (R = 1.40) which 

indicates stability with respect to flow failures. 

Little CyPress Bend, Mo. 

11 

33· Twenty soil borings were made in January 1953 at Little Cypress 

Bend on the right bank of the Mississippi River approximately 868 to 871 

MAHP. The borings bet,·reen sta 104+50 and sta 149+00 indicate the exist

ence of an overburden composed of channel filling materials -- fat clay, 

silt, and lean clay -- which are underlain directly by gravelly sands, 

medium sands, and sandy gravels of the lower sand series. Between sta 

149+00 and sta 205+00 the overbt~den is of the point bar type consisting 

of silt, silty sand, and lean clay, which is underlain by a stratum of 

zone B sands 23 ft thick. A stratum of zone A sands approximately 21 ft 

thick appears between sta 180+00 and sta 203+00. The overburden at the 

center of this reach (sta 191+00) consists of 11 ft of lean and fat clays. 

From sta 205+00 to sta 219+00 the overburden consists of channel-filling 

soils extending to a depth of over 79 ft at sta 213+50. The reach 

extending from sta 219+00 to sta 304+00 is composed of point bar over

burden soils which are underlain by a stratum of zone B sands averaging 

10 ft in thickness. This zone j_s interrupted by a thin stratum of zone A 

sands between sta 215+00 and sta 238+00. 

34. The area between sta 104+00 and sta 185+00 and sta 195+00 and 

sta 304+00 is composed of a fa~rly thick top stratum underlain by occa

sional thin pockets of zone A sands which combine to give an R value 

that exceeds the lower limiting value of 1.4, indicating the area is 

stable with respect to failures by liquefaction. Between sta 185+00 and 

sta 195+00 the R value is less than 0.85, the upper limiting value of 

instability, thus indicating susceptibility to flow failures. 

Heloise, Tenn. 

35. Thirteen borings were drilled near Heloise, Tenn., on the left 

bank of the Mississippi River between 831.5 and 834 MAHP. Between sta 

98+40 and sta 148+00 the overburden varies in thickness from 3 ft to 

30 ft and consists of fat and lean clay, silt, silty sand, and sand, 
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underlain by zone A and B sands of the upper sand series. A 5-ft thick

ness of overburden at sta 98+40 is underlain by approxjmately 48 ft of 

fine sand which classi~ies as zone B material. At approximately sta 

108+00 and sta 128+00, strata of zone A sands appear, 20 ft and 7 ft 

thick, respectively. A thin surface stratum of clay between sta 138+00 

and sta 152+00 is underlain by 35 ft to 45 ft of zone B sands. Beginning 

approximately at sta 152+00 the overburden, consisting of more cohesive 

material, increases in thickness from 18 ft to 59 ft at sta 198+00 and 

then decreases to approximately 12 ft at sta 220+00. The substratum 

between sta 152+00 and sta 188+00 is composed of zone A sands varying 

from 0 to 30 ft in thickness. The channel-filling materials, silty clay 

and silty sand, betvteen sta 188+00 and sta 203+00 are underlain directly 

by the lower sand series. Between sta 203+00 and sta 220+00 the upper 

sand series is composed of approximately 17 ft of zone B sands with a 

32-ft stratum of zone A sands appearing at sta 220+00. The areas 

extending from sta 98+00 to sta 101+00 and from approximately sta 135+00 

to sta 152+00 are composed of a thin stratum of clay underlain by 35 ft to 

48 ft of fine sands which classify as zone B sands. As no zone A sands 

are present at either of the locations, the susceptibility to failure 

cannot be determined by present criteria. It is believed, however, that 

minor cave-ins will occur because of the relatively thin layer of over

burden, although no liquefaction-type failures should occur at these two 

locations. The ratio R for the area extending from sta 158+00 to sta 

212+00 exceeds the lower limiting value of stability, indicating that the 

area is apparently stable. A thin stratum of cohesive overburden soils, 

approximately 12 ft thick starts at sta 212+00 and extends an undeter

mined distance downstream; this stratum is underlain by 32 ft of zone A 

sands, which indicates an area of instability. 

Toney's Towhead, Tenn. 

36. Five borings were made downstream of the revetted area at 

Toney's Towhead, on the left bank of the Mississippi River approximately 

885 MAHP. The logs of borings indicate the presence of a relatively thin 

point bar overburden deposit of silt, silty sand, fine sand, and a few 

fat clay lenses. The upper sand series consists of very irregular strata 
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of zone A and B sands. A thick lens of gravelly sand or the lower sand 

series appears at sta 245+00 with fine sands of zone A above and below 

it. The delineation of the various zones of the upper sand series is 

not as definite as it should be for predicting stability because of the 

irregular stratification of the overburden and substratum soils. The R 

value for the area covered by the borings is generally less than the 

lower limiting value for stability, and the area is considered to be 

susceptible to flow failures. 

Browns Point, Miss. 

37. Browns Point is located on the left bank of the Mississippi 

River approximately 440 MAHP. Eight borings were made by the auger and 

bailer method during June and July 1953 between ranges 439.8 and 441.2. 

The overburden varies in thickness from 11 ft to 49 ft and consists of 

clayey silt, silty clay, clay, and silty sand, and is underlain by a 

34-ft to 78-ft thickness of zone A sands consisting of very fine, fine, 

and medium sands. Medium and coarse sands and gravelly sands comprise 

the lower sand series that underlies zone B of the upper sand series. 

38. The area investigated is believed susceptible to flow fail

ures because the zone A sands are approximately 1-1/2 times the thick

ness believed necessary for liquefaction failures, and because of the 

relatively thin overburden in the area. 

Cracraft, Ark. 

39. Cracraft revetment is located on the right bank of Grand Lake 

Cutoff, a natural chute formed by the Mississippi River across Cracraft 

Towhead during the years 1796 to 1817. 

40. Inspection of the logs of borings for the area between ranges 

501.56 and 502.75 shows soil conditions of a highly stratified and irreg

ular nature. Borings C-1-53 through C-4-53 and boring C-6-53 reveal the 

presence of a relatively thin cohesive overburden underlain by 5 ft to 

26 ft of very fine to coarse sands, which in turn are underlain by fine 

to coarse sands with gravel varying in thickness from 8 ft to 30 ft. 

This stratum of coarse sand and gravel, which normally appears at much 

greater depths, is underlain, in turn, by sands grading from very fine 

to medium. Although the area represented by the borings is of 
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point-bar-deposit type, the soil conditions present do not conform to the 

conditions on which the empirical analysis is based and therefore are not 

susceptible of analysis by this method. 

41. Boring C-7-53 located just landside of Cracraft revetment on 

range 501.37 encountered soils more susceptible of analysis. A 9-ft 

layer of overburden materials is underlain by sands grading from very 

fine to coarse, predominantly of zone A classification. These sands are 

known to be 70 ft thick. The resulting ratio R of overburden thick

ness to zone A thickness is considerably less than the upper limiting 

value for instability, which is indicative of an area that is susceptible 

to liquefaction-type failures. 

Conclusions 

42. The findings in this report, because of certain limitations, 

cannot be considered a final or conclusive prediction of whether a par

ticular site is stable or unstable with respect to flow failures. 

However, these findings do represent another forward step in substan

tiating the method. Whether these findings and results are sufficiently 

accurate alone, or with other factors, to validate the proposed method 

must be determined from the present and future behavior of the particular 

sites studied. 

43. Based on the data presented in this report the following con

clusions appear justified. 

a. With few exceptions the composition and stratigraphy of 
soils in the riverbanks studied fall within the limits 
defined in the empirical method and therefore are suscep
tible of analysis by this method. 

b. The following sites appear to be stable: -
Coochie, La. 
White Castle, La. 
Milliken Bend, Ark. 
Peters, Ark. 
Hathaway Landing, Miss. 
Rescue Landing, Miss. 

(sta 70+00 to 175+00) 

Merriwether Bend, Tenn. 
Barfield, Ark. (sta 285+00 

to 482+50) 
Little Cypress Bend, Mo. 

(sta 104+00 to 185+00 and 
sta 195+00 to 304+00) 

Heloise, Tenn. 



c. The following sites appear to be unstable: 

Rescue Landing, Miss. 
(sta 175+00 to 215+00) 

Barfield, Ark. (sta 
270+00 to 285~~0) 

Recommendations 

Little Cypress Bend, Mo. 
(sta 185+00 to 195+00) 

Toney's Towhead, Tenn. 
Browns Point, Miss. 
Cracraft, Ark. 

44. The following recommendations are considered important to any 

future studies for determining the stability of Mississippi River banks 

by the empirical method: 

a. -

b. -

Periodic observations should be made of sites analyzed in 
this and earlier reports, and any new factors or occur
rences that indicate stability or instability should be 
noted and compared with predicted behavior. 

The collection and analysis of data should be continued. 

c. Procedures used in sampling sands below the ground-water 
table should be altered to permit obtaining samples that 
will give a true grain-size distribution. 
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Table 1 

OUTLmE OF TYPICAL SOIL CONDITIONS IN LOWER MISSISSIPPI VAJ.T,EY POINT BAR DEPOSITS 

I. Overburden soils 

>lo% passing the 
No. 200 sieve 

II. Massive Sands 

< 10% passing the 
No. 200 sieve 
D > 0.090 mm p 
N < 24.5 

j-contains all soils which exhibit cohesive properties. Includes natural 
levee, point bar overburden, swale fillings and channel fillings; 

---· commonly highly stratified ¥Ti th a wide range of cohesive soil types from 
I fat clays to silty sands. ·-

,-
Upper sand series 

> 50% passing No. 40 
sieve 
D < 0.460 nnn 

p 
N > 15 
Natural density 

< 106 lb per cu ft 

Lower sand series 

Coarse sand and gravel, 
contains strata in which 
< 50% passes the No. 40 
sieve 
D > 0.460 mm N < 15 p 

1-zone A: 
I 

Fine sand > 500/o passing No. 6o sieve 
D < 0.272 mm N > 18 p-
Natural density < 102 lb per cu ft 
R.D. < 78% 

Zone B: 

Medium sand, contains strata in which 
< 50% passes No. 6o sieve, 
> 50% passes No. 40 sieve 

D > 0.460 mm > 0.272 mm p-
N < 15 < 18 
Natural density > 102 < 106 lb per cu ft 

Natural density > 106 lb per cu ft 



Site 

Coochie, La. 

White Castle, La. 

Milliken :Bend, Ark 

Peters, Ark. 

Hathaway Landing, Tenn. 

Rescue Landing, Miss. 

Merriwether Bend, Tenn. 

Barfield, Ark. 
Little Cypress Bend, Mo. 

Heloise, Tenn. 

Toney's Towhead, Tenn. 

Browns Point, Miss. 

Cracraft, Ark. 

Boring Nos. 

1-5 
1A-4A 

M-13-53 thru 
M-15-53 

10-18 
1-12 

13-28 
22-23 

1-22 

1-20 

1-13 
21-25 

B-5-53 thru 
B-12-53 

C-1-53 thru 
C-7-53 

Table 2 

SUMMARY OF MAP DATA 

General Map 

Black Hawk-Point Breeze 

White Castle, La. 

Milliken Bend to 
Marshall Cutoff 

Mhoon Bend, Miss. 

Hathaway Landing 

Jackson Point 

Merriwether Bend, Tenn. 

Barfield, Ark. 

Little Cypress Bend 

Heloise, Tenn. 

Toney's Towhead, Tenn. 

Marshall Cutoff to 
False Point 

Worthington Cutoff to 
Opossum Chute 

Date 
of Map 

Sept 1952 
Mar 1953 
Apr 1952 

Jan 1950 
Apr 1953 
Jan 1953 
May 1953 
Feb 1953 
Apr 1953 
Apr 1953 
Apr 1953 

Oct 1952 

Feb 1953 

Miles Above 
Head of Passes 

307.7 to 317.6 
190 to 196 
441.4 to 447.5 

685 to 690 
853 to 858 
621 to 626 
872 to 878 
808 to 813 
866 to 872 
830 to 835 
885 to 888 and 

902 to 905 

437.7 to 443.6 

594.1 to 504.5 

Map 
Sheet Map 
No. File No. 

13 T-82-18751 
1 H-13-3964 
1 0-77-74 

2 60/110 

1 89/271 
1 60/154 

1 60/225 
1 60/222 
1 60/156 
1 60/224 

1 60/46 

1 0-7.7-75 

1 0-bl-53 



Table 3 

SUMMARY OF SOIL CONDITIONS 

Conditions giving Lowest R 
Thickness of Seriesz Ft Overburden Zone A 

Site Overburden Zone A Zone B Ft Ft Station R* -
Coochie, La. 72 - 130 5 - 21 0 - 20 72 21 7723.70 3.42 
White Castle, La. 124 - - -- -- --- --
Milliken Bend, Ark. 29 - 54 14 - 32 0 - 46 46 34 R446.34 1.35 
Peters, Ark 26 - 57 9 - 16 0 - 23 32 12 270+00 2.67 
Hathaway Landing, Tenn. 13 - 53 2 - 20 0 - 26 13 16 280-tOO 0.81 

Rescue Landing, Miss. 
Sta 70+00 to 175+00 50 - 71 0 0 -- -- --- --
Sta 175+00 to 215+00 20 - 50 26 - 51 - 20 51 215+00 0.39 

Merriwether Bend, Tenn. 31 - 32 0 - 15 0 - 4 32 15 336+00 2.13 
Barfield, Ark. 5 - 75 0 - 41 5 - 42 5 41 269+00 0.12 
Little Cypress Bend, Mo. 10 - 79 0 - 21 0 - 28 11 21 191+00 0.52 
Heloise, Tenn. 3 - 59 0 - 32 0 - 48 12 32 218+00 0.37 

4 45 148+00 0.09 
Toney's Towhead, Tenn. 11 .. 20 17 - 45 - 17 45 265+00 0.38 
Browns Point, Miss. 11 - 49 3~ - ·78 5 - 34 12 78 R440.90 0.15 
Cracraft, Ark. 9 70 - 9 10 R501.37 0.12 

* R < 0.85 considered unstable; R > 1.40 considered stable. 
R between 0.85 and 1.40 is range of uncertainty. 





ASSOCIATED HEPORTS• 

' Study of Materials in Suspension, ~lissi:-;sippi Hiver 
T. n-r. No. 122-1 

Study of l\Iaterials in Transport, Pa:':-;es of the :\Ii~:;issippi River 
T. l\L No. 158-1 

Geological Investigation of the Alluvial Valley of 
the Lower Ivlississippi River; :Mississippi Hiver Commission 

A Laboratory Study of the l\1eandering of Alluvial Rivers 

Fine-Grained Alluvial Deposits and Their Effects 
on Mississippi River Activity 

Report of Conference on Sand-asphalt Revetment, 12 August 1948 

Geological Investigation of :MissisHippi Ri\·er 
Activity, 1\femphis, Tenn., to :Mouth of Arkansa8 River 
T. l\1. No. 3-288 

Bank Caving In,·estigations, 1\Iorville He\·etment, 
~lississippi RiYer; T. :\I. No. 3-318 

lnvesti~ation of Free Nigger Point. Crevas:-;e, 
l\lississippi River; 1\Ii;.;sissippi River Commis:-:ion 

Mi~sissippi River Revetment Studies; St .. Anthony Falls 
Hydraulic Laboratory Project Report No. 28 

Investigation of Mass Placement of Sand ARphalt for Under
water Protection of River Banks; T. ~:L No. 3-329 

MiRsissippi River Revetment Studies- Tests on A Double Layer 
Articulated Concrete :\lattress; St. Anthony Falls Hydraulic 
Laboratory Projeet Report No. 28 

Flume Investigation of Prototype ReYetmcnt; l\Iisrcllaneous 
Paper No. 2-35 

InYestigation of Bituminous Cold Mixes for the Protection 
of Upper River Banks; T. l\·I. No. 3-362 

• Unless otherwise noted, all reports Hated are publications of tha 
Wa1,crways Experiment Station 

Feb 1939 

Sept Hl39 

Dec 1944 

:May 1945 

July 1947 

Aug 1948 

June 19~9 

Sept l!l50 

Dec 1950 

June 1951 

Aug 1951 

~-Ia.y 1952 

Sept 1952 

April 1953 




