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PO~MOLOGY INVESTIGATIONS 

PIEZOMETER OBSERVATIONS AT REID BEDFORD BEND 

AND INDICATED SEEPAGE ],ORCES 

1. This report describes piezometer observations at Reid Bedford 

Bend revetment from the spring of 1947 to May 1948 and presents tentative 

conclusions drawn from these observations. The soil conditions, bank 

failures, and analyses were described in Potamology Investigations Report 

No. 5-2, "Field Investigation of Reid Bedford Bend Revetments, Missis

sippi River," (Appendix A, Soils Investigations), Vol. 3, dated June 

1948, aad will not be repeated here. The piezometers were installed pri-

marily to determine whether sufficient seepage forces could develop which 

would be material factors in large mass failures of the bank, and, sec-

ondarily, to gain some idea of the effect of seepage forces in producing 

surface erosion. 

Piezometer Installations 

2. During the spring of 1947, eleven piezometers were installed on 

ranges 28, 48, 52, and 83 at Reid Bedford Bend, La., by the Vicksburg 

District.* Three were installed at each of these ranges except at r ange 

28 where, although three were planned originally, piezometer 28.1 was 

never installed. Piezometer locations are shown on plate 1. The 

- piezometers were all of the open-end type and were located in the "clean" 

* Three additional piezometers were installed on range 14 ~n December 
1947 by the Waterways Experiment Station but will not be discussed in 
this report because of the limited data available from them. Additional 
piezometers also were installed in the fall of 1948 at range 48 in both 
the overburden and clean sand but observations have not been made for a 
sufficient time to warrant conclusions being drawn. 
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saDn~w · Beadings were begun in April 1947 and were taken almost continu

ously until November 1947. Observations were not made again until March 

1948, after which readings were taken intermittently until May 1948. 

3. During the interval from April 1947 to May 1948, the following 

mishaps rendered some of the piezometers unserviceable. 

a . .... 

b • .... 

c • .... 

d • .... 

Piezometer 48.!. On 19 April 1947 was destroyed by drift. 
It was not replaced until 13 October 1947. It was destroyed 
again on 10 March 1948 and was not replaced. 

Piezometer 48.2. Destroyed on 14 April 1947, replaced 
13 October 1947, replaced on 22 March 1948, destroyed on 
9 April 1948 and never replaced. 

Piezometer 48.3. Could not be read from 21 through 25 July 
1947 because of muddy conditions; destroyed during the 
period when readings were not taken, and was replaced on 
22 March 1948. 

Piezometer 52.1. Destroyed by a tractor on 10 September 
1947, replaced 26 September 1947, destroyed 2 October 1947, 
and replaced 5 November 1947. 

~· Piezometer 83.1. Caved into the river on 6 May 1947. 

f . .... Piezometer 83.2. Caved into the river during the period 
when readings were not being taken. 

· This information is shown graphically on plates 3-6 which are discussed 

later. 

4. Profiles along the line of the piezometers at each range are 

shown on plate 2. Logs of borings also are shown on this plate from which 

it is apparent that the banks consist of a massive sand formation overlain 

by about 25 ft of fine-grained and generally cohesive soils. The tips of 

the piezometers are in the sand and as the sand is permeable and exposed 

to the river it 13 to be expected that the piezometers will be influenced 

to a great extent by the river stage. 



Piezometer Observations 
-~~~---------------

5. A piezometer reading indicates the hydrostatic pressure exist-

ing at the piezometer tip. In the case of a tip installed in a free

draining material extending to the ground surface, the surface of the 
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water in the piezometer riser pipe would coincide with the surface of an 

actual water table existing in the free-draining soil if there were no 

flow of water 1n the formation. If, however, a stratum of relatively 

impermeable soU overlies the piezometer tip, as is the case at Reid·· 

Bedford, then the changing piezometer readings do not mean that an actual 

free water surface, or water table, is rising and falling. The low per-

meability of the overburden soils prevents rapid changes in a water table 

if the surface of the water table is in the impervious stratum. In this 

report, water levels determined by piezometer readings will be referred 

to as "indicated water table." 

6. The piezometer readings are plotted on plates 3 to 6, inclusive. 

The upper curve in each case is the stage hydrograph of the Mississippi 

River in feet above or below SLW (standard low water) at Reid Bedford 

Bend. The lower curves are the piezometer differentials in feet for the 

ranges shown, i.e., when a positive piezometer differential exists, the 

piezometer water level is above the elevation of the water in the river, 

and vice versa. This particular method of showing the results was 

selected because a plot of river and piezometer water elevations on various 

dates will not show clearly the differential which existed unless the data 

are plotted to a very large scale. The total change in river elevation is 
• 

greater than 40 ft, whereas the maximum differential which existed between 
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piezometer and river levels vas in the order of 6 ft, and generally averaged 

much less. 

7. Although none of the piezometers vas read over the entire cycle 

of river fluctuations and oftentimes all of the piezometers on any given 

range could not be read continuously during the periods when readings were 

being taken, the results are of considerable value and can be summarized 

as follows: 

a • .... 

b • .... 

c . .... 

d • .... 

The differential head between piezometer and river stage 
increases with increasing distances from the river. 

The maximum differential head recorded vas about 6 ft; 
however, most values were much smaller than this amount. 
This value probably is not representative of the entire 
installation, since it vas measured on piezometer 83.3, 
the lower end of which is embedded in a stratum of silty 
sand, and the readings show a very obvious time ·lag. 

The piezometer readings were, with few exceptions, less 
than the river stage at stages above about 31 ft SLW. 

The piezometer readings were above river stage at stages 
below about 27 ft SLW, except for a few variations near 
the end of the low-water season. 

8. When a difference in hydrostatic pressure occurs between two 

points in a soil mass, a flow of water takes place toward the point of 

lower pressure. Thus, at Reid Bedford, when the piezometers indicate a 

pressure higher than that corresponding to the river stage, a flow of 

water must be taking place from the bank into the river. The reverse is 

true, of cour~e, when the river stage is higher than the piezometer 

readings, and the flow is from the river into the bank. A reasonably good 

estimate of the flow conditions can be obtained from the piezometer read-

ings. 
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Conclusions from Piezometer ~eadings 
4 

9. Plate 7 presents plots of the piezometer readings along ranges 

28, 48, 52, and 83 for typical conditions. Plates 3-7 show that when the 

river stage vas approximately 22 ft SLW water flowed from the bank into 

the river but the head causing flow did not exceed 2 ft, except for 

piezometer 83.3 at range 83 which is located in a silt-sand stratum and 

therefore may not be reliable. The head referred to above is the dif-

terence in elevation between the river and piezometer water levels 

several hundred feet landward of the point where the top of the sand 

intersects the river bank. These plates also show that for a river 

stage of 29 ft SLW the water could flow either into or out of the bank 

but that the head causing flow in either direction would be practically 

unimportant and dependent upon minor variations in river stage and other 

factors. Since two failures occurred at approximately a river stage of 

22 ft SLW and a third failure occurred at a river stage of approximately 

29 ft SLW, it is apparent that if the hydrostatic conditions existing at 

the time of the failures can be approximated satisfactorily by the data 

shown in plates 3-7 the unbalanced hydrostatic forces tending to cause 

instability of the bank by a slide either were insignificant or did not 

even exist. Stability calculations based upon the maximum seepage head 

differential which might have existed at the time of the failures indicate 

relatively little seepage force effect upon possible mass failure of the 

bank. From experience with various piezometer systems along the river and 

from consideration of the features invOlved it is believed that the 

piezometer observations recorded can be applied to conditions at the time 

' . 
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of the failures in a gualitative and, to some extent, guantitative manner. 

It is realized that head differentials between the river and piezometer 

observations in the bank are influenced by a variety of factors such as 

soil conditions at great distances landward from the river, rainfall, 

permeability of the top stratum, and rate of river rise and fall. Never

theless, the conclusion given above as to the possible influence of un

balanced eydrostatic forces on the major failures is believed sound. 

10. Conclusions with respect to piezometer readings as discussed 

above are strictly applicable only to consideration of the over-all 

stability of the bank. Another and somewhat separate consideration is 

the effect at seepage forces in eroding material at the surface of the 

river bank when water is flowing out of the bank into the river. The 

intensity of such erosion can be influenced greatly by relatively minor 

variations in the composition of the bank. Conseguently, piezometers 

located some distance from the bank may be of little value in indicating 

the presence of excessive exit seepage forces. It is believed possible, 

however, to draw certain pertinent conclusions. 

11. The greater the difference in head between the river surface 

and the piezometer readings at distances removed from the river, the 

greater will be the value of the exit or entrance gradients. Since the 

flow conditions in the sand for river stages corresponding to those exist

ing at the time of the failure are artesian, the pattern of flow is inde

pendent of the head causing flaw, and the exit or entrance gradients are 

approximately directly proportional to the difference in head between 

the piezometers and the river. Since this difference was evidently very 

small at the times of the failures, for reasons previously discussed, it 
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follows that the exit gradients or seepage forces at the bank must have 

been small, and certainly much smaller than they would be at low-water 

stages when the heads causing flow are greater. At low-water stages 
. 

gravity flow conditions exist and the exit gradients are correspondingly 

increased. 

12. Another source of information pertinent to evaluation of the 

existence of exit seepage forces sufficient to remove large quantities of 

bank material commensurate with the size of the failures is the soundings 

made prior to the failures. This information is given in Vol. 2 of Report 

No. 5-2 of the Potamology Investigations series. At range 58, where the 

first major failure occurred, the last survey preceding the failure was 

made on 17 December 1946, which is from 31 to 35 days before the failure. 

This survey indicated no unusual conditions nor anything to indicate that 

seepage forces of water flowing out of the bank were eroding large quan-

tities of material. In general, this survey is the same as the survey 

of 26 October to 1 November. It is true that seepage forces could have 

removed material between 17 December and the date of the failure but it 

must be noted that during this time interval the river stage was in-

creasing, which undoubtedly reduced the exit gradients over those exist-

ing prior to the December survey. Since the surveys prior to 17 December 

indicated nothing unusual, it appears reasonable to conclude that seepage 

emerging from the bank did not caus~ the loss of a large quantity of 

material. 

13. The survey information at range 48, scene of the second major 

failure, is more complete than at range 58. A survey was made at range 

48 on 27 January, approximately 15 days prior to the failure. Inasmuch 

.. 
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as this survey did not indicate any large loss of material which might 

have been due to seepage forces, and since the river stages from the time 

of this survey to the time of the failure were such as to indicate very 

little flow of water, either into or out of the bank, . it is believed that 

seepage forces were not a factor in the failure. This belief is strength-

ened by the results of the surveys prior to 27 January which were discussed 

in the preced~g paragraph. 

14. The preceding discussion of seepage forces together with other 

analyses referred to are the basis for the followin.g conclusions. 

a. -

b. -
c. -

d. -

e. -

At high river stages occurring under circumstances such 
as those prevailing during the period of record, 
piezometer observations indicate that water flows from 
the river into the bank. 

At low river stages the piezometer observations indicate 
that water flows from the bank into the river. 

At river stages corresponding to those of the three major 
failures the piezometer observations indicate, for reasons 
given herein, that seepage forces causing flow of water 
from the bank into the river were small or nonexistent. 

At the time of the failures seepage forces of sufficient 
magnitude to cause instability of the bank did not exist. 

Seepage forces may have caused surface erosion to a very 
minor extent during river stages corresponding to the 
times of failures despite the small heads causing flow, 
since such erosion is partially dependent upon minor 
variations in the permeability of the sands. The 
tendency for erosion to occur at any one point, however, 
would be very much greater during periods of low water 
when differential heads are of considerably greater 
magnitude. 


















