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PREFACE 

• 

As part of the general study of underseepage as related to levees 

along the Lower Mississippi River, the Waterways Experiment Station was 

authorized in December 1941 by the President, Mississippi River Commission, 

to design and install piezometer and relief well systems at Commerce 

(mi 24), Trotters (mi 51), and Trotters (mi 55), Mississippi. The piezometer 

systems were installed by the Memphis District, CE, and the relief well 

systems were installed by the Waterways Experiment Station. 

Engineers of the Soils Division, Waterways Experiment Station, who 

were actively connected with the design, installation, and testing of 

these systems were Messrs. W. J. Turnbull, C. I. Mansur, W. J. Rowland, 

and A. L. Mathews. The geological studies were carried out by Dr. H. N. 

Fisk and Mr. w. J. Hendy, Jr. This memorandum was prepared by Messrs. 

c. I. Mansur and w. J. Emrich. 
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INVESTIGATION OF UNDERSEEPAGE AND ITS 

CONTROL BY RELIEF WELIS 

COMMERJE AND TR01'1'ER3, MISSISSIPPI 

PARr I: INTRODUCTION 

General History 

1. In September 1940 the Mississippi River Commission initiated a 

general study of undereeepage as related to levees along the Lower Missia-

sippi River. This study was the outgrowth of observations of the occur-

ranee, during the 1937 flood, of excessive underseepage and sand boils 

along numerous reaches of these levees. The first part of the study con-

siated of making a fairly detailed field eXploration of foundation con-

ditions at seven sites in the Mempnis District, CE, whore excessive under-

seepage had been observed in 1937. The results of this study wore pub

lished in Waterways Experiment Station Technical Memorandum 184-1, 

"Investigation of Underseel'ago, Lowor Mississippi River Levees," dated 

October 1941. 

2 • Three of the a i tea studied were located on the east bank of 

the river at Commerce (mi 24), Trotters (mi 51), and Trotters (mi 55), 

Mississippi, in the Upper Yazoo Levee District (see plates 1 and 19). 

In order to ascertain the top surface and subsurface conditions at the 

sites, geological surveys were made*, and it was decided in December 1941 

* ''Geological Report on the Commerce, Mississippi, Underseapage Area" 
" Ar " and Geological Beport on the Trotters, Mississippi, Undarseepage ea, 

September 1942. 



to continue the study of underseepage and its control by installing 

piezometers and relief wall systems at these sites. In the spring of 

1942 the Memphis District, CE, installed 76 piezometers at Commerce and 

46 at the Trotters site to measure hydrostatic pressures in the pervious 

substratum both ri verward and landward of the levee. In December 1942 

and January 194 3 the Waterways Experiment Station installed 78 pressure 

relief wells at the Commerce site, 42 at Trotters mi 51, and 81 at 

Trotters m.1 55. These wells were first placed in o:p3ration during the 

high river stages which occurred in May and June of 1943. 

2 

3· The observations made during the 1943 period of OJ;eration indi-

cated that the well systems were somewhat underdesigned. Also, the joints 

in the riser pipes permitted undesirable leakage around the walls when 

they were closed. Because of these considerations, it was decided in 

November 194 3 that the walls should be taken out and that the experiments 

should be continued with systems of larger wells installed at these or 

other sites*. 

Purpose and Scope 

4 • The purposes of the stud:J.es made at the Commerce and Trot tars 

sites were: 

a. To determine the surface and subsurface features in areas - of heavy undarseepage. 

b. To determine the relationship, if any, between geological - features and the occurrence of underseepage. 

* A prel~inary letter report on the operation of the well systems dur
ing 1943 high-water period was submitted by the Waterways Experiment 
Station to the President, Mississippi River Commission, in August 1943· 
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<}_• To inveetigate by means of piezometers the distribution and 
amount of hydrostatic pressures in the pervious substratum. 

~· To estimate from piezometer data the effective source of 
underseepage and the rate of underseepage with and without 
relief walls in operation. 

~· To determine the effectiveness of relief wall systems for 
reducing substratum pressures and controlling underseepage. 

t• At Commerce, the wells were also installed so as to permit 
determination of the effectiveness of different degrees of 
screen penetration. 

S.• To observe the influence of the riverside borrow pita on the 
location of the effective entrance of underseepage. 

h.• To determine the gradient of seepage flow landward of the 
levee • 

!.· To determine the maximum excess hydrostatic pressure which 
can exist landward of the levee. 

5. In carrying out the study outlined above the following field 

and office investigations were made. (1) A large number of borings were 

made both riverward and landward of the levee to determine the surface 

and subsurface features in the areas of heavy underseel'age. Mechanical 

analyses and permeability tests were made on samples obtained from these 

borings to determine the };lermeability of the foundation sands. (2) The 

geology of the sites was established from the borings mentioned above and 

from a study of aerial photographs and topographic maps. (3) The distri-

bution and amount of hydrostatic pressures in the pervious substratum 

were determined by piezometers. The location of the effective seepage en-

trance was eat1mated from readings of piezometers located beneath the 

eXisting levee and landside berm. (4) The effectiveness of a relief well 

system for reducing substratum pressures and controlling underseepage was 

studied by installing lines of wells, one at Commerce (mi 24), and one at 



each Trotters site (m1 51 and mi 55). (5) The gradient of seepage now 

landward of the levee was determined by piezometers installed both land

ward of the levee and e.t various depths in the pervious found.at ion. ( 6) 

The rate of underseepage with and without the relief wells in operation 

was eat1mated from the hydraulic gradient beneath the levee and berm, the 

permeability of the foundation, and ita depth. In addition to the above, 

the max1m1m excess hydrostatic pressure that can exist landward of the 

levee at these sites will be determined from the piezometers whenever a 

sufficiently high river stage occurs. 
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PABT II: INVESTIGATIONS AT COMMERCE 

Geology and Soil Conditions 

6. The area covered by the investigation is shown on plates 1-4. 

It lies approxima.tely between levee sta 22/0 and 25/0 and extends for a 

distance of 2 miles landward from the existing levee. The piezometers 

were installed between levee sta 22/46+25 and 24/4+00. Most of the under-

seepage and sand bolls vThich occurred during the 1937 high water were 

located between sta 23/5 and 23/30. Included in the area are three dis-

tinct types of topography: "ridge and swale", smooth natural levee and 

crevasse slopes, and broad arcuate topographic lows marking old channel 

positions. The various locations of each type were determined from 

a study of aerial photographs, topographic maps, and field examination. 

Each type of topography has a direct relationship to the distribution of 

sediments and to the river history 1n the area. The characteristics and 

distribution of each type are discussed in the following subparagraphs: 

~· Ridge-and-swale toEograpgy. Ridge-and-swale topography, 
which presents an undulating surface with b~ad arcuate 
ridges and narrow intervening swales, is found in several 
sections of the mapped area (see plate 3). The northern 
section has from 4 to 10 ft of relief with elevations on 
the ridges reaching 200 to 205 ft. In the southern parts 
there is less than 5 ft of relief and the general elevation 
is lower, the ridges having elevations of about 195 ft. 

~· Broad a~cuate topographic lows. Broad, flat, arcuate topo
graphic lows mark old channel positions. Two of these lows 
are found in the south-central part of the mapped area. 
A third low area, marked "slough" on plates 3 and 4, 
crosses the existing levee between levee sta 23/33+00 and 
23/40+00. Landward of the levee the slough curves until 
it nearly parallels the levee for a distance of 2500 ft. 
The bottom of the slough immediately landward of the levee 
is at about elevation 190. This slough is only about 300 
ft wide. The two arcuate lows in the southern area are 
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much broader, reaching 2000 to 4000 ft in width. 

g_ • Natural levee and crevasse towsraphY. Natural levee and 
crevasse topography- is smooth and slopes gently a-we.y from 
the outside of the arcuate channel lows. Each natural levee 
forms a belt of irregular width 2000 ft to 5000 ft wide . 
That this ty-r.e of topography masks other tytes is evident 
since broad arcuate topographic lows and ridges and swales 
can vary plainly be seen to emerge fram its feathering 
edges • The elevations of the natural levees associated 
with the various arcuate channels vary from 205 ft to 190 
ft where the natural levees feather out. 

7. The levee at Conunerce, Miss is sippi, was constructed across the 

slough shown on plates 2-4, and across the ridge-and-swale topography on 

the inside of the bend of this old river channel. At the downstream end 

of the area the levee is built upon the natural levee da~osits Which 

formed on the outside of this channel. At the u~stream end of the area, 

tha levee crosses younger channel :posit ions which truncate the slough 

approximately opposite eta 22/35• 

8. The sediments of the Commerce underseepage area may be divided 

into two main strata, a semi:pervious to im:pervious top stratum which 

varies between 4 and 40 ft in thic !mass, and a pervious substratum of sand 

and gravels about 150 to 180 ft thick. The thickness of the pervious sub-

stratum varies with the thickness of the top stratum and irregularities 

in the valley floor. The vaJ.ley floor, which consists of Tertiary sedi

ments, in this area is at a depth of about 175 to 190ft below the natural 

ground surface. The twofold nature of the floodplain deposits is charac-
• 

teristic of the alluvial sediments elsewhere in the valley. 

Top stratum deposits 

9. The sediments which make up the top stratum in the Com-

merce area. are quite variable as "l!JAy be noted from the maps on plates 3 

• 
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and 4 and the soil profiles on plates 5-7. The top stratum deposits range 

trom cla;ye to silty sands. Most of these deposits immediately landward of 

the levee in the area of heaviest underseepage (sta. 23/5 to 23/30) consist 

of a thin l~er, 3 to 5 ft thick, of relatively impervious soils underlain 

by 3 to 8 ft of sUty sands or sandy silts. Numerous clay-filled swales 

and sandy ridges exist immediately landward of this reach of levee. West 

of the old slough (sta 23/40), the top stratum consists of a fairly uniform 

layer of impervious deposits approximately 10 to 18 ft thick. The character 

and distribution of the top stratum sediments may be better understood by 

considering them in the light of their origin. 

10. Clays. The clays and silty clays are found associated as 

fillings of thal wegs of abandoned channels, as filling of swales 1 and are 

also found as comparatively widespread backswamp deposits; these clay 

deposits are discussed in the following subparagraphs: 

a. -

b. -

Channel filling. The thickest clay deposit fills the thal
weg position of the old slough shown on plates 2-4. Only 
one boring was made in the thalweg of this channel. It 
penetrated 25 ft of clay before reaching the substratum sands. 
The nature and thickness of the clay filling in this slough 
are shown in sections H and M, plate 6, and sections 0 and 
Ron plate 7. 

Swale filling. Thinner clay deposits are found in the 
narrow swales of the ridge-and-swa.le bar topography. The 
only swales tested for thickness of their clay filling 
are those which occur within the area shown on plate 4. 
The deposits usually range in depth from 4 to 6 ft but 
reach a maxim1m thickness of 8 ft at some places (see 
plates 5 and 6). The clay filling in the swales probably 
represents an accumulation of deposits laid down in deep 
water-filled depressions on the landwa.rd side of actively 
forming bars and the later accumulation of fine-grained 
floodwater deposits after the bar became part of the land. 
The clays in this area become thicker as the swales approach 
the Old abandoned river channel • 

.2.• Backswamp de;eosi ts. Clays and silty clays which vary in 
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thickness from 5 to 20 ft blanket most of the area landward 
of the old river channel or slough. These deposits under
lie the natural levee deposit of the old channel {see 
sections E, H, M, 0, and R, plates 5-7). 

11. Sand.y silts and sUty sands. The sandy silts and silty sands 

make up a considerable part of the top stratum in the Commerce seepage 

area • They form the upper :palt of the sect ion of the ridges in the ridge

and-sue.le topography, and are also the main constituents of the natural 

levee and crevasse deposita. 

a. - Ridge -and-swale bar topography. The sediments which make 
up this tY]e of top stratum deposit are typical of bar 
deposits elsewhere in the floodplain. They form the upper 
4 to 10 ft of each ridee and grade upward into somewhat 
finer sediments and downward into the coarser Jervious 
substratum. These deposits also underlie swaJ.e fillings 
of clayey sediments and in places form part of the old 
channel filling {see section R, ptate 7). 

2..• Natural levee and crevasse deposits. The natural levee 
deposits reach a max1m1m thickness of 15 ft around the 
bank of the old stream channel, and gradually feather out 
along an irregular line at a distance which varies between 
2000 and 4000 ft from the old channel • The nature and 
distribution of the sandy silt and silty sand deposits can 
be seen on the soil profiles shown on ptatea 5-7· No 
attempt ~a made to distinguish between crevasse deposits 
which extend away from the river into old channel posi.
tions and the similar, more widespread, natural levee 
deposits. 

Pervioue substratum deposits 

12. The pervious substratum in the Commerce undersea page area con-

sists of a miXture of sands and gravels with various grain sizes and degrees 

of sorting. Generally, the :pervious stratum increases in coarseness with 

depth, but coarse sands and gravels do exist to some extent near the top. 

Logs of borings record only an occasional thin, local lenticular layer of 

fine-srained deposits in the pervious substratum. Little ts known about 

the nature of the deeper parts of the substratum since only one boring 
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penetrated the entire section. However, many borings extended from 20 

to 50 ft into the pervious subswatum and they all record similar deposits. 

13. All but a very few of the borings made in the Commerce area 

penetrated to the top of the pervious su~stratum. A study of the elevation 

of the top of the pervious substratum permits the following generalizations 

to be made concerning the relationship between topography and distribution 

ot substratum sediments: 

~· Ridges in the ridge-and-swale topography are underlain by 
ridges in the pervious substratum. The substratum approaches 
the surface closely enough in the underseepage area to be 
penetrated by excavations for the borrow pits, where it is 
now exposed at the surface (see plates 3 and 4 and the 
sections on plates 5-7). In a similar manner, the posi-
tion of surface swales generally coincides with deep 
points in the top stratum. 

~· 'l'he top of the pervious substratum is generally at its 
deepest point under the abandoned channel • 

.£. The elevation of the pervious substratum bears no relation
ship to the position at natural levee or crevasse deposits. 

Relation Between Distribution of Sediments and Underseepage 

1,. In order to relate geological conditions to underseepage, a 

study was made of the location of previously observed underseepage and 

send boUs during high water with respect to the location and character-

istics of the various sediments in the area. F.rom this study it was 

possible to establish some of the geological conditions that cause con-

centration ot underseepage and sand boils in the Commerce area. It 

should be noted that subsequent to the 1937 high water, the Memphis 

District has constructed a 200-ft seepage berm along the Commerce levee. 

15. The following statement concerning underseepage at Commerce 

is taken trom the "Report on High Water Fight, January and February 1937" 
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by the Upper Yazoo Levee District. "MUe 24: From sta 23/4+00 to 

sta 23/20+00 there occurred about 20 sand boils ot various sizes. 'lbe 

great majority of these sand bolls were less than 100 ft from the toe of 

the levee. Sixteen of these boils were individually sacked with send 

bags. T.be head ot water kept on these boils prevented any continuous 

discharge of material. From sta 23/10+00 to 23/18+00 end immediately 

opposite those boils nearer the toe, the levee slope became wet for a 

distance of 50 to 75 ft up the slope from the toe. With this condition 

existing, such a location must be closely watched for indications of 

cracking and sloughing. Five boils broke out on the toe, but no appre

ciable discharge of material took place; therefore, they were not 

sacked, •••• " Records ot the Memphis District concerning Commerce under

seepage include a larger area, sta 23/5 to 23/30, and also state that 

heavy nnderseepage extended 1000 ft landward of the levee. Photographs 

of tlnderseepage conditions as they existed during the 1937 high water 

ere shown on plate 10. 

16. 1he levee throughout this reach was constructed across ridge

end- swele topography and rests principally upon ridge sediments. These 

ridges trend approximately east-west and are separated by narrow swales. 

A rather deep swale parallels the levee at a distance of about 300 ft 

landside of the toe of the levee as it existed in 1937. This swale has 

a width at lOO to 200 ft and thickens from about 6 ft at sta 23/10 to 

35 ft at its Junction vith the old slough at sta 23/30. The ground 

surface in this swale is 2 to 5 ft lower than the ground on which the 

levee is constructed. All boils in this reach occurred between this 

swale and the levee. This swale no doubt caused underseepage, tending 
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to rise to the surface landward of the levee, to concentrate between the 

impervious filling and the toe of the levee where it is under its maximJm 

landward head. It is pointed out that the toe of the existing seepage berm 

is now only about 100 ft from the edge of the swale. While the seepage 

berm increases the length of the path of seepage 1 t will tend further to 

concentrate seepage between the swale and toe of the berm. Other 1 and 

probably predom'Jnating, causes of heavy underseepage and send boils in 

this reach of levee are the close "effective" seepage entrance in the 

riverside borrow pits which have been excavated to sand, the great depth 

of very pervious substratum sands, and the thinness of the landside top 

stratum. 

17. The natural levee deposits underlain by impervious backswamp 

clays, which form a mantle 20 to 30 ft thick landward of the old channel 

constitute an effective block to underseepage landward of the channel 

position. Consequently, most of the underseepage nust come to the sur

face in the area between the toe of the levee and the backswamp deposits. 

18. Little seepage was observed along the reach of levee between 

sta 23/40 and 24/20 where the top stratum is 10 to 20 ft thick. 

Piezometer Installation and Data Obtained 

Piezometer installation 

19. Description of piezometers, In order to carry out the inves

tigation of the hydrostatic pressures in the pervious substratum outlined 

in paragraphs 4 and 5, piezometers were installed both riverward and land

ward and beneath the levee at · various elevations in the pervious substratum. 

!he piezometers at various depths were designated W, X, Y, and Z, 



as described below. 

~· W piezometers, at top of semipervious silty sands and 
immediately beneath the upper stratum of clays. 

~. X piezometers, at the top of the medium and coarse sand 
stratum. 

£• Y and Z piezometers, at greater depths in the pervious 
stratum than the X piezometers. 

T.he piezometers consisted of a short length of 1-1/4-in. metal well point 

connected to a vertical riser and were sealed through the top stratum with 

ot sand and bentonite. 

20. Location of piezometers. In April 1942 a total of 76 piezometers 

were installed at Commerce between sta 22/46+25 and 24/4+00. The locations 

of these piezometers are shown in plan on plates 2-4 and in profUe on 

plates 5-7. T.he piezometer tips shown on the soil profiles are plotted at 

the correct elevation but their actual location is at the center of the 

boring log shown adjacent to the piezometer tip. Data pertaining to the 

piezometer installation are listed in tabular form on plate 18. Three 

principal piezometer lines perpendicular to the levee, lines E, H, and M, 

are located within the limits of the well system; one line of piezometers 

perpendicular to the levee, line S, is located about 3000 ft downstream 

from the downstream end of the well system. Piezometer line B extends as 

tar as 1856 ft riverwa.rd and 11,588 ft landward of the levee. Additional 

piezometers were also installed to measure the artesian pressures between 

the wells and beneath the swale that lies about 100 ft landward from the 

toe of the berm. Ten additional piezometers were installed on line E in 

the fall of 1943 in connection with a field permeability test. 

21. Measurement of pressure. When the water level in a piezo

meter is below the top of the riser pipe, the elevation of the water is 
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determined by sounding in the piezometer. When the artesian pressure is 

higher than the top of the riser pipe, a Bourdon gage is used to measure 

the pressure, or an extension is added to the top of the piezometer pipe. 

Anallsis of data 

22. Substratum pressures were first observed during the spring 

rise in 1942; however, because of the low head on the levee the piezo

meter data obtained are not included in this report. The first head 

against the levee of any consequence occurred during the high water in 

March and AprU of 1943 and again during the rise in May and June of the 

same year. The average maximum net river head above the well outlets that 

occurred at those times was 4.9 ft and 7.6 ft 1 respectively. These heads 

equalled 22 per cent and 35 per cent of the maximum head that would exist 

with the project flood. Well discharges and piezometer data were taken 

during both of these periods. The piezometer data obtained during the 

1943 high waters have been analyzed both with and without the wells in 

operation. As the actual well flows were generally above expectation, 

the well system has been analyzed on the basis of the seepage entrance as 

determined from the 1943 piezometer readings and subsequent information 

pertaining to the permeability of the foundation sands. Also, the Commerce 

w&ll system bas been analyzed on the basis of model data obtained since 

the well system was insta~led. 

23. Plots of daily river stages and readings of selected piezometers 

are shown for lines E and R on plate 11 and for lines M and S on plate 12. 

The daily river stages and all piezometer readings are shown in tabular 

form on plate 16. Because of the pressure relief due to natural seepage 
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through the top stratum, the piezometer crests on all lines decreased 

progressively landward of the levee. The artesian pressure beneath the 

top stratum along the landside toe of the seepage berm with no wells in 

operation ranged between 15 end 40 per cent of the net head on the levee 

(table 1). The net head on the levee in this case was the difference 

between the river stage and the average elevation of the well outlets. 

'!here appears to be little or no lag in the hydrostatic pressures as re

corded by E-ljne piezometers landward of the levee except E-8-x, located 

landward of the slough, wh~ch showed a lag of about 2 days. 

24. The piezometer data obtained during the March-April high water 

with the wells open indicate that although the river ·crested on 5 April, 

the piezometers landward of the levee along the H-line did not crest until 

7 or 8 April. This apparent lag is probably due to continued saturation 

ot the partially saturated top stratum. The rapid drop in the river after 

10 April resulted 1n a higher water table landside of the levee than on tile 

riverside. 

25. During the May-June high water the river crested on 5 June. 

!he tact that there was practically no apparent lag in landside pressures 

during the second high water may be attributed to more or less complete 

saturation of both the pervious and top strata during the previous high 

water, to the very pervious nature of the foundation sands, and/or to the 

effect ot opening the wells. An inspection of the data for the piezometer• 

tor 6 June (plate 16), immediately prior to opening the wells, at varying 

depths 1n the pervious stratum indicates a difference in artesian head 

between the X andY piezometers on the H-line varying from 1.7 ft at the 

landside toe of the seepage berm to 0.5 ft 1650 ft landside of the levee 
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center line. 

26. Piezometers H-18-Y and H-19-Z, located immediately riverward 

of the slough, recorded a slight differential pressure. T.he gradient be· 

tween these two piezometers was about twice that between piezometers H-

• 

19-Z and B-20-Z, located riverward and landward of the slough, re$pectively; 

this indicates that the flow in the vertical direction riverward of the 

slough is greater than the seepage which flows beneath the slough. 

2Y. Piezometer H-25-Y, which is about 2 mlles landward from the 

levee, showed negligible change with the rise and fall of the river. A 

difference in head of about 1.2 to 1.5 ft was obsened in the W and X 

piezometers on lines H and M and about 4.0 at line R {see plates 5, 

6, 16, and 17). These differences in the hydrostatic heads at different 

depths in the pervious substratum as revealed by the W, X, and Y piezo-
·. -

meters at the toe of the seepage berm no doubt reflect the loss of head 

rote .to vertical seepage between the tips of these piezometers. 

2~t On the basis of the hydraulic gradients in the pervious sub-

stratum shown for line H on plate 13, it appears that, with no wells 

open, about 75 per cent of all the seepage passing beneath the levee 

rises to the surface between the levee and the old slough. As there 

were no excess pressures above the ground surface landward of the slough, 

it seems reasonable to believe that the thick natural levee and back-

swamp deposits landward of the slough constitute a natural block to any 

surface seepage beyond the slough. 

29. Whereas a considerable portion of the flow immediately landward 

ot the levee was in a vertical direction, the equal hydrostatic heads 

measured by piezometers H-6-X and H-7-Y indicate the seepage flow beneath 
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the levee to be in a horizontal direction. 

30 • The deep piezometers, H-10-Y and H-11-Z, at the toe of the 

berm read almost the same at all river stages. The little or no 

difference in the readings for these piezometers, as compared to the 

considerable difference in piezometers H-10-Y and H-9-X, and· R~9-K . and 

H-12-W, indicates that most of the flow at depth is essentially in a 

horizontal direction. The boring logs on plates 5-7 show the existence 

of finer sand and silt strata near the upper :portion of the :pervious 

stratum which could materially reduce the permeability in a vertical 

direction as compared to sands without such strata.. These strata of 

finer materials, therefore, could account for a part of the considerable 

difference in pressure between the tips of shallow piezometers. Pro

files of X-piezometer readings along the landside toe of the seepage 

ber.m, with and without the relief wells open, are shown on plate 14. 

31. The S -line of piezometers, located dovmstream from the re .. 

lief well system, is in an area where the top stratum consists of 

natural levee and backswamp deposits. The excess artesian head at 

the toe of the seepage berm amounted to approximately 25 per cent of 

the net head on the levee. There was a time lag in the subsurface 

pressures landward of the levee of as much as 2 days; the piezometers 

located farthest from the levee indicated the greatest lag (see plate 

12) • The data. show that excess hydroa tat ic pressures were trans

mittod 3000 and 4000 ft landward of the levee at the S-line of pie

zometers. 
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Beliet Well System end ~ata Obtained 

Relief well installation 

32. Rescription of wells. The relief wells at Commerce were located 

between sta 22/42+00 and 23/26+32 about 10 ft landward from the toe of tbe 

existing seepage berm. The wells were installed on 50-tt centers. The 

length ot the system was 3850 ft. A plan of the system is shown on plate 8. 

33. The wells consisted of a screen section in the pervious sub

stratum, a riser pipe section through the impervious top stratum, and a 

discharge section which carried the water to a collector ditch. The screen 

section ot the wells consisted of 4-in. ID porous concrete pipe which 

served as a filter tor a 2-1/2-in. ID perforated clay tile pipe. 

34. The pertorated clay pipe was made in 1-tt lengths and with a 

1/2-in. wall thickness and flush shiplap joints. The perforations consisted 

of 48 3/16-in. hOles per ft of pipe. The porous concrete pipe for most of 

the wells was made in 2-ft lengths and had a l-in. wall thickness with 

· flush shiplap joints. The gradation of aggregate used in the manufacture 

of the porous cone rete pipe is shown on plate 9. 

35. The riser section consisted of 3-in. ID solid wall clay pipe. · 

It was joined to the clay tile of the screen section with a 3- to 2-l/2-in. 

reducer. The discharge pipe (also 3-in. ID tUe) was connected to the top 

of the riser pipe with a 3-in. clay tile tee. The tee vas set vith the stem 

horizontal and the top was capped so as to be accessible for cleaning. The 

3-in. clay pipe was made in 1-:ft lengths with 1/2-in. wall thickness and 

nush shiplap joints. All wells were sealed through the top stratum by 

tamping tn a send-bentonite backfill around the riser pipe and topping it 
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with about 3 ft of concrete. Photographs of the well materials ere shown 

on plate 10. The materials described above were used only as expedients 

because at the time the system was installed no wood or metal pipe was 

available. 

36. Four classes of wells comprised the system. T.he classes, 

tabulated below, varied in the degree in which they penetrated the 

pervious substratum and the location of the screen section in the pervious 

stratum. Every fourth well was of the same class. By closing all but every 

fourth well, it was possible to obtain a well system of all one class of 

wells on 200-ft centers. Also, by closing the wells with screen penetra-

tion of 10 per cent, it was possible to obtain a system with wells on 

10o-ft centers with an average screen penetration of 25 per cent. 

Penetration of Screen 
into Pervious Stratum Length of Screen 

Well Numbers % ft 

l, 5, 9, etc 30 54 
2, 6, 10, etc 10 18 
3, 1, 11, etc 20 36 
4, 8, 12, etc 20* Lower 18* 

A profile of the well system is shown on plate 8. 

37. Details of the wells and collector ditch at Commerce are 

shown on plate 8. Drawings of the dike and spillway for conveying sur

face runoff from the levee and seepage berm into the collector ditch for 

the wells are shown on plate 9. Photographs of this spill way, the 

collector ditch, and the wells in operation are shown on plate 10. 

* Although the well penetrated the pervious stratum to a depth of 36 ft, 
only the lower 18 ft consisted of screen section; therefore the screen 
section amounted to only 10 per cent of the total stratum thickness. 

~----------~-------------------------------------.. 
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38. Wells 1 through 8, el though following the penetration scheme 

outlined in paragraph 36, differed from the typical wells in the type of 

well screen. The screens used for each of these wells is described on 

plate 8. 

39. Design of well system. The well system at Commerce was 

experimental in nature. Two features of design which were to be studied 

in the installation were: 

~· The relative efficiency of different screen penetrations. 

~. The minimum screen penetration and maximum well spacing 
that would result in adeguate pressure reduction. 

The well spacing and screen penetrations were also selected so that their 

combined effect when all wells were open would relieve excess pressures 

landward of the levee to the extent that they would not be critical. 

40. Because of the variety of wells used and the varying degrees 

to which they penetrated the pervious stratum, it was not possible to 

make an exact design for the wells on 50-ft centers. No attempt was 

made to estimate the hydrostatic head between the wells on 50-ft centers. 

However, the average well flow for all the wells in operation was esti-

mated using the following design values: 

Thickness of sand stratum, d = 175 :rt 

Distance to source of seepage, s = 2100 ft 

Av. net head of project flood, H = 22ft 

Well spacing, a -- 50 ft 

Radius of well, r w = 0.25 ft 

Av. permeability of foundation, kr = 500 x lo-4cm/sec ~o.l 
ft/mt.n 

Av. well penetration into pervious 
stratum, W --



T.ne MUskat-Jervis method of analysis was used to make the estimate of 

flow {see Appendix A, WES T.M. 3-304 "Relief Well Systems for Dams and 

Levees on Pervious Foundations," November 1949). 

a a 50 ft; rw = 0.25 ft; d = 175 ft 

....!.. ::a 50 • 200; 
rw 0.25 

_g =112 =3 5 
a 50 • 
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Extraaleng:th = 3.13; Extra length (m.,) = 3.13 x 50= 156ft 

For the project flood: Qy = 2.91 x 22 • 64 gpm. 

41. Method of installation. The wells were installed by jetting 

and fishtailing an 8-in. casing to the required depth in the pervious 

stratum, lowering the perforated clay, porous concrete, and riser pipe on 

a drill rod into the casing, pulling the casing, and backfilling around 

the well. All joints were "buttered" with an asphaltic material, "Asgum." 

All joints of the riser pipe and the porous concrete pipe were wrapped 

with a 5-in.-wide strip of cloth about 3 ft long, thoroughly permeated 

with liquid Asgum. At the junction of the riser pipe with the perforated 

clay and porous concrete pipes, a waste packing filler and heavy coating 

of Asgum were first applied and then followed by the above-mentioned 

wrapping. A tamped sand-bentonite mixture was placed around the riser 

pipe from the bottom of the impervious stratum to within about 5 ft of 

the ground surface. The backfill around the riser pipe was finished with 

concrete to within about 1 ft of the ground surface. Concrete was also 

poured around the discharge pipe. Clay caps were made to fit the tees and 
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discharge pipes. After installation, each well was pumped or surged for 

approximately 20 minutes to insure that each well was operating properly. 

A photograph taken during installation of one of the wells is shown on 

plate 10. 

42. Measurement of discharge. Measurement of well discharges was 

usually made by means of a·calibrated bucket and stop watch. In cases of 

high discharge a flow meter was used. 

Analysis of data 

43. The first well flow measurements were made during the first 

part of AprU 1943. All of the wells were opened on 31 March and were 

closed on 8 April, During this period well flo~r measurements were made 

on 6 different days. The results of these observations are given in 

table Al of Appendix A. 

44. Another high-water period occurred in 1943 during the last 

part of May and the first part of June. During this high water, daily 

piezometer readings were ma.de both with end without the relief wells in 

operation. All of the wells were opened on 6 June, one day after the river 

crested. After measuring the well flow and taking piezometer reading~ 

on 1 June, the well system was operated on succeeding days with a well 

spacing of 200 ft and with screen penetrations of 30%, 20% with a 10% 

screen, 2~1 and 10%. Flow measurements and piezometers readings were 

made for each of the different screen penetrations. The condition of 

wells with 20% and ~~ penetration on 100-ft centers, an average screen 
. 

penetration of 25~, was not tested because of the rapidly falling river 

stage. Well flow measurements obtained during the June high water are 
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given in table A2. of Ap~ndiX A. 

45. All wells o'PE!n {April 1943). Although the river crested on 

5 April, the ma.x1mum well flows were observed on 7 April. At this time 

tha average net head on the levee above the well outlets was 4.8 ft. The 

average well flow for all wells was 13.8 gpn. The average well flows for 

the various screen penetrations are summarized below. 

Well Flows 
Avera a Well Flow 

Wells Spacing Qw ~H Remarks 
Open 

All 50ft 13.8 2.9 
30~ pane. 200ft 22.4 4.7 
201> pane. 200ft 16.1 3.4 
20~ pane. 200ft 14.3 3.0 10% screen 
10~ pane. 200ft 2.5 0.5 

From the above data it appears that the wells with 30% penetration dis-
• 

charsed approximately 1.4 and 9.0 times as much as the wells with 20% and 

10% penetration, res:pectively. It is pointed out that the wells with 10~ 

screen at a 20% penetration discharged almost as much as the walla with a 

20~ screen and 20i IJenetrat ion. 

46. All wells open (7 June 194 3). After the wells were closed on 

8 April they remained closed until 6 June, the day the river crested on 

its second rise, at which time all of the wells were again opened. After 

allowing the well flow to stabilize for 24 hours, the flows were measured 

on 7 June • On 7 June the average net head on the levee above the well out -

lets was 7 .4 ft • The individual wall flows which were measured on this data 

are plot ted on plate 15. The average flow from all of the wells for this 

condition, unadjusted for well and screen losses, was 22 gpm, or 3.0 gpm 
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per ft ot net head on the well system. Immediately before opening the 

wel 1 s on 6 June the average artesian pressure above the well outlets was 

2.0 ft or 2&fo of the net head above the well outlets. After all the wells 

were opened the average excess head was 1.3 ft or 18~ of the net head on 

the system. In other words 1 opening the wells resulted in about a 32~ re

duction of the excess head at the toe of the seepage berm, or 8% of the 

net head on the system. A summary of the excess heads at the various X 

piezometers along the toe of the seepage berm with and without the re

lief' wells in operation is given in table l. 

47. Piezometer data taken before and after the wells were opened 

are shown on plates ll, 16, and 17. Although opening the wells reduced 

the excess head at the toe of the levee only about 0.3 to 1.1 rt, this 

reduction amounted to about 20 to 45% of the excess head which existed 

prior to opening the wells. It is pointed out that the wells on 50-ft 

centers remained open tor only 24 hours and therefore complete stabili

zation of substratum pressures with the wells open may not have been 

achieved. Field observations indicated that when the wells were opened 

the .general underseepage back of the line of wells noticeably decreased. 

However, even with the wells open underseepage occurred at several points 

between the berm toe and the line of wells. The primary reason the wells 

did not cause a greater per cent reduction of the excess pressure existing .' 

prior to opening the wells was because of the considerable reduction of 

head (74~) as a. result of natural seepage through the relatively thin 

semipervious landside top stratum. 

48. Without the wells open the excess hydrostatic head at the 

levee toe as indicated by the X piezometers was approximately 15 to 40% 
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of the net head on the levee (see table 1). As stated above the fact 

that this head was considerably less than the net head on the levee may 

be attributed to natural seepage through the landside top stratum. The 

estimated excess heads at the toe of the levee for the project flood 

are given in table 1 without any well system in operation. Without any 

wells, excess heads of 3 to 8 ft may be expected landward of the levee 

for the project flood. T.his extrapolation of piezometer data was based 

on the assumption of laminar flow through an unruptured top stratum. 

49. Wells on 200-ft centers operated with various screen penetra

tions. After the well flow and piezometer data were obtained for all wells 

flowing, the system was operated in June with different screen penetrations 

on 20o-ft centers. The well flows observed for the different screens on 

200-ft centers have been plotted as open bars on plate 15. Direct com-

parison of the data on plate 15 is not possible because of the falling 

river stage during the tests. All of the piezometer data obtained dur-

tng these tests have been adjusted for well and screen losses and to a 

unit head on the well system, and are presented in table 2. The 

average well flows and excess landward pressures for the different 

screens on 200-ft centers adjusted for well and screen losses are sum-

marized below on the basis of a unit net head. These data are also 

plotted graphically in figures l and 2 together with well flows and 

residual heads as estimated from WES model A-a-2* and Jervis curves* for 

partially penetrating well screens. 

* See WES T. M. 3-3o4 "Relief Well Systems for Dams and Levees on Per
vious Foundations" dated November 1949. 
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Qy p - -Well Screen H H 
I Penetration (gpm) (~} Remarks 

30 6.4 10 

20 5·5 15 

20 4.4 19 10 cfo screen 

10 0.9 28 See paragraph 51. 

No wells - 26 

50. Before discussing the data presented above and shown on figures 

1 and 2, it is pointed out that wells on 20o-ft centers with penetrations 

of only 10 to 3~ cannot be expected to give very complete pressure re-

lief or intercept ell underseepage, especially where considerable natural 

underseepage occurs as a result of a thin semipervious top stratum such as 

exists at Commerce. However, the relative efficiency of various penetra-

tions of well screens should be indicated by these tests. 

51. From the data shown above and on figures l and 2, it appears 

that well screens with only lrJ/o penetration into the sands at Commerce 

are not very effective in either reducing excess pressure or inter-

cepting seepage. The table in paragraph 49 indicates that the adjusted 

residual head between wells of only 101» penetration was slightly higher 

than with no wells; however, this condition is impossible and these fig-

ures are believed to result from the limitations of computing these 

values for the smell heads experienced. Both types of wells (1~ and 2ff{o 

screens) with 2CYfo penetration produced approximately the same now and 

resulted in about the saine pressure reduction. The wells with 3afo 
29038 



26 

penetration were the most efficient in both seepage interception and in 

pressure reduction (see figs. 1 and 2). These latter wells, even on 

20o-ft centers, would have reduced the excess head existing above the 

well outlets prior to opening the wells by about 6~ on the average if , 

there had been no well or screen losses. The residual heads shown on 

figure 2 for ~ screen penetration are taken from table l for no wells in 

operation. 

52. Also plotted on figures l and 2 are well flows ~ end 

residual heads .ft cceq>uted from WES Model A-a-2 and Jervis curves 

tor different screen penetrations. The well flows and residual pressures 

as computed from Model A-a-2 and the Jervis curves were based on an average 

effective seepage entrance 1250 ft from the line of wells and an average 

foundation permeability of 700 x lo-4 em/sec. The effective source of 

seepage was determined by projecting the hydraulic gradient beneath the 

levee as indicated by the piezometers on lines H and M, until it inter

sected the stage of the river (see plate 13). The average distance to 

the effective source of seepage as determined from piez~ter lines H 

and M is summarized below. 

Average Distance fram Wells to Effective Source of Seepage 

Piez Line Piezometers Dates Distance in Ft 

H H-6-x and H-8-x 29.May to 8 June 1185 

li H-7-Y and H-10-Y 29 May to 8 June 1625 

M M .. 2-X and M-4-Y 29 May to 8 June 1005 

Average s = 1250 

These values, when compared to the plan maps and soil profiles, indicate 
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that the riverside borrow pits are a source of underseepage at Commerce. 

~he over-all permeabUity of the sand foundation was based on the results 

of a field pumping test made in 1943*. 

53. The well flow, ~ , and residual, excess head between wells, 

j , were computed far the Commerce well system on 200-ft centers from the 

Jervis curves and model A-a-2 in the following manner: 

(a) Jervis design curves (see fi82re A-4, WES T.M. 3·304). 

Well spacing (a) = 200 ft; well radius (rw) = 0.25 ft; depth 

of pervious stratum (d) = 175 ft; distance from wells to 

effective source of seepage {s) = 1250 ft. 

~ = 200 = 800. d - 112 0 88 
r 0.25 ~ 8 - 200 = · w 

Extra length _ 3 OO· p ( s EL) 
3 a - . ' ii a + a • . 75 

EL = 3.00 X 200 = 600 ft 

~ = kr a .d = 0.14 X 200 X 175 7 5 _ 19 8 R s + EL 1250 + 6oo x • - • gpm 

~ = 125~· 75 x 100 • 40.5% of net head. 
200 + 3.0 

(b) Model A-a-2. (see fig. 16, WES T.M. 3-304, for model data). 

1. Model date adjusted to Commerce site and well system 
by means of Jervis curves for partial penetration. 
This is an approximate correction since Jervis curves 
are for an impervious landside top stratum, and be
cause of different kb, k.r' s, and d, the flow 
pattern in the field would be somewhat different than 
1n the model. 

* WES T.M. 3-299 "Field Permeability Tests -- Commerce Landing, Miss., and 
Wilson Point, La." dated August 1949. 

I 



2. Subscripts P and M refer to prototy}'e and model, 
respectively. 
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3. Data from modal A-a-2 considered reasonably applicable 
to Commerce site because both modal and prototype have 
approximately the same e and d although the residual 
artesian pressures at landaida of levee with no well 
syat~ 1n operation are 

[k] • 36'/o and JlJ = 26'/o • 
M p 

For the DU])del, W a 25%; e. = 200 ft; rw = 1.5 :f't; d z: 150 ft; kf = 0.10 

ft/min; s = 1000 ft 

(;r] M = 9.8 gpn and rk] M a 21.0~ 

~wJ dp kf-P (a + EL*)M ~l 
-if' p = dM" X kf -M X ( s + EL*) p X 1f-' M ' or 

r~1 _ 17? o.14 
l H .! p - '150 X 0 .1 0 X 

1000 + 70 X 9.8 c 11.8 gpn 
1250 + 00 

1000 + 1 85 
r~ J = 3·75 :x 200 • x 21% = 29.2% 
.H. p 2.00 1250 + 3 OO 

200 • 

54. The natural seepage with and without wells has also been com-

puted from the following data. obtained for model A-a-2: 

I
Q 1 

Natural seepage (no walls), .lfJ = 16.0 gpm/200 ft of levee 
M 

* From Jervis curves for partial penetration of 25%· 
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. 
Natural seepage (with wells), 

Qs-w 
{ 11 ] = 8. 0 gpm/200 ft of levee. 

M 

Model seepage data adjusted to Commerce site, 

Natural seepage (no wells), 

(16.0) X dp (175) X kf.p(O.l4) X LM* (1560) 
dM(l50) kr.zt{O.lO) Lp* (1690) 

= 24.0 gpm/200 ft of levee. 

Q 
Natural seepage (with wells), ( s-w J 

H p 

{Qs-w) = 12.4 gpm/200 ft of levee. 
H p 

= 8.0 X £12 X 0.14 X 1240 
150 0.10 13 0 

55. From 8 February 1950 H· and ~line piezometer data and river 

stages, the computed natural seepage flow passing beneath the levee is: 

H-line; (piezometers H-6-X and R-8-x, located 140 ft apart perpendicular 
to end beneath levee.) 

Qs . (H-6-X)-(H-8-X) l 1f = kt i A = kf X r( l40 J X ( d X 8) X H 

"' 0.14 X [ 
202 

•
2
1i 0 

201
•
6Jx (175 X 200) X 1

2 
X 7.5 

7 . 
• 

Q 
~ = 21.8 gpm/200 ft of levee. 
H 

M-line: (piezometers M-2-X and M-4- Y, located 325 ft apart perpendicular 
to and beneath levee.) 

Qa /: H = 31 .o gpn 200 ft of levee • 

* L in fi~e A-ll and equation (17), Appendix A, WES T.M. 3-304 
"Relie:t Well Systems for Dams and Levees on Pervious Foundations, " 
dated November 1949. 
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Average ot 11- alld M-11nes: ~ = 26.4 gpm/200 ft ot levee. 
H 

'lhe above field date. agree reasonably well with the natural seepage com

puted from the model A-a-2 data indicated in the above paragraph. The 

average natural seepage, without wells, measured at Commerce between 

sta 22/23+00 and 23/35+00 during the 1950 high water amounted to 14.8 gpm 

per 200 ft of levee per ft of net head. 

56. The natural seepage with wells was estimated from 1943 and 1950 

piezometer data and 1950 seepage measurements. The net heads at the toe 

of the levee above the average tailwater elevation at these times were 1.6 

tt and 2.5 ft, respectively. The computed natural seepage with wells wa~, 

therefore, ~.6 x 14.8 = 9.5 gpm/ft net head/200 ft of levee, or 9.5 x 7~2 = 
·5 

68 gpm/200 ft of levee for the net head* of 8 June 1943 for wells on 200-

ft centers and 30 per cent penetration. Thus, the estimated total flow 

~ + Qs (for a = 200 ft and W = 3~) = 5.4** + 9.5 == 14.9 gpm. Thus, the 
R 

well flow plus natural seepage with the wells open on 200-ft centers was 

approximately egual to the natural seepage without wells. Model A-a-2 in

dicated that an increase in total flow of about 10 to 12~ might be expected 

with wells on 20o-ft centers. 

57. The well flows as computed from the Jervis curves were 

approximately three times greater than the observed flows (adjusted for 

well losses) for the same screen penetration. This may be largely 

attributed to the fact that the Jervis curves are applicable only tor 

the case where the top stratum is impervious and all flow passing 

* Tailwater taken at 198.0. 
** Unadjusted well flow. 



beneath the levee must emerge through the wells. Where seepage can 

readily emerge through the top stratum landward of the wells, model 

tests have shown that both well flow and head between wells are always 

less for this condition than where the top stratum is impervious. 

58. Well flows estimated from Model A·a-2 exceeded the observed 

flow by approximately twice the estimated amount. Some of this dif-

jbrence can be explained from the fact that the landside top stratum 

in the model was relatively more impervious than the top stratum at 

Commerce. The average net head at the toe of levee in the model was 
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36~ H whereas at Commerce it was only 26% H. The greater perviousness of 

the landside top stratum at Commerce permitted more seepage to by-pass 

the wells than in the model which in turn reduced the flow from the wells. 

Well and screen losses may have also been somewhat grea.ter than those 

est1ma.ted in making the adjustments for these losses. The estimated 

losses for the observed flows are listed in table 2. These are con

siderably higher than desirable for the net heads experienced; the totai 

well and screen losses probably should not exceed 0.2 to 1.0 ft for the 

project flood, depending, of course, upon the site and pressure reduc

tion desired. One very possible reason the observed flows for various 

penetrations were less than those estimated from Model A-a-2 is that the 

sands in the upper part of the pervious stratum are less permeable than 

the deeper sands and for this reason the "effective" penetration of 

the screens was less than the values given. This is also indicated 

by the very low well flows for 10% penetration and the fact that the 

18-ft screens at a 20i penetration discharged almost as much as the 

36-tt screens at 20% penetration. 
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59. The residual head at the landside toe or the levee, as 

observed and as computed from Model A-a-2 and the Jervis curves, is 

plotted for various screen penetrations on figure 2. The data on 

this figure show the observed residual heads to be less then those 

computed from either Model A-a-2 or the Jervis curves. This can 

largely be attributed to the greater pressure reduction caused by 

leakage through the landside top stratum. The data illustrate tha.t 

at a site similar to Commerce the well screens should have a pene

tration of at least 25 or 3~ for the wells to be effective. 
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60. The data on both figs. 1 and 2 illustrate that the screen 

length need not be so great, providing the screen is placed deep enough 

to intercept the principal water-carrying strata. 
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PART III. INVESTIGATIONS AT TROT'l'ERS 

Geology and Soil Conditions 

61. The area covered by the investigation is shown on plates 19-22 

and lies approximately between levee sta 47/0 and 55/0. The area in-

eludes the same three distinct types of topography found at Commerce, i.e.: 

ridge and swale, smooth natural levee and crevasse slopes, and broad 

arcuate topographic lows marking old channel positions. The character-

istics and distribution of the various types of topography are discussed 

1n the following subparagraphs. 

~· Bidge·and-swale topop;raPbY. From sta 48/19 to 53/10 the 
levee crosses an old sand-bar deposit typified by ridge· 
and·swele topography underlain by a deep deposit of per
vious sands. Such topography is characteristic of sand
bar areas within bends of old river channels. More 
ridge-and· swale topography is found along the southern 
part of the mapped area. Cross sections of the mapped 
areas show an undulating surface typical of ridge-and
swale topography. Belief in these sections reaches a 
maxim1m of about 8 ft but the average is less than 5 ft. 
The highest part of the ridges reach an elevation of 
about 187 ft (see plates 22-24). 

~· Natural levee and crevasse to o a • From sta 53/19 to 
5 0 the levee crosses natural levee and crevasse deposits. 
These deposits usually range 1n width from 1000 ft to 
more than 3000 ft and form a smooth, gently sloping bor
dering topography on the outside of the broad, arcuate, 
topographic lows. Natural levee deposits usually mask 
other deposits which frequently can be seen disappear-
ing beneath them. The extent of these deposits in the 
areas studied is shown on plate 22. 

~. Broad arcuate topographic lows. The existing levee crosses 
a broad arcuate low, or old river channel, between sta 
48/15 and 48/19 and again between sta 53/10 and 53/17. 
Between these stations, this old river channel is approx
imately parallel to the levee. The distance landward of 
the levee varies from about 400 to 2200 ft. The levee 
also crosses old river channels between sta 47/22 and 



47/49, and between ste. 53/37 and 54/18. 
about perpendicular to the old channels 
ings. 

The levee is 
at these cross-
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62. The sediments of the Trotters under seepage area may be divided 

into two main divisions, a relatively impervious top stratum, which varies 

between 3 ft and 30 tt in thickness, and a pervious substratum of sand and 

gravel about 80 to 100 ft thick. The thickness of the pervious substratum 

varies with the thickness of the top stratum and irregularities of the 

valley floor. The valley floor, which consists of Tertiary sediments, in 

this area is at a depth of about 125 ft below the natural ground surface. 

The twofold nature of the floodplain deposits is characteristic of the 

alluvial sediments elsewhere in the valley. 

Top stratum deposits 

63. The sediments which make up the top stratum in the Trotters 

bend area are quite variable as may be noted from the map on plate 22 

and the soil profiles on plates 25-~9. The top stratum sediments found 

in this area consist of clays, silty clays, sandy silts, and silty sands. 

Most of the top stratum immediately landward of the levee from sta 49/0 

to 53/5 consists of alternate strata of silty sands, sandy silts, with 

occasional s\rata of more impervious clayey soils near the surface (see 

plates 25-27). Numerous clay-filled swales also exist along this reach 

of the levee. From about 53/17 to 53/50 the top stratum consists of a 

fairly uniform clay stratum about 15 ft thick overlain by a layer of 

natural levee deposit about 4 to 8 ft in thickness (see plate 29). From 

sta 53/50 to 54/24 the top stratum consists of a rather uniform clay 

stratum about 10 ft thick. 
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64. Clays. The clays Blld silty clays at Trotters ere usually found 

as tUlings of thalwegs of abandoned channels, as filling 1n swales., and 

as comparatively :vldespread backsvamp deposits masking older topography: 

~· Channel fUling. The thickest clay deposit in the Trotters 
area is found in the thalweg position of the old abandoned 
channel shown on plates 20 end 21 and marked "slough" on 
plate 22. Borings made in the thalweg of this channel 
penetrated 20 to 30 ft of clay before reaching the sub
stratum sands. The nature and thickness of the clay 
filling in this slough are shown on profiles E, plate 25, .. 
and H, plate 27. Clay deposits 10 to 30 tt thick fUl 
the abandoned channel between sta 53/37 and 54/18 (see 
plates 28 and 29). As noted above, natural levee deposits 
cover this channel between sta 53/37 and 53/50. 

l!· Swale fillings. Thinner clay deposits are found in the 
narrow swales of the ridge-and-swale bar topography which 
exists along the levee from ate. 49/0 to 53/0 (see plates 
20 and 22.) Borings made in these swales show that they 
reach a maximum thickness of 15 ft but usually range 
from 3 to 7ft in depth (see plate 25.) ~e clay fill
ing in the swales probably represents en accumulation 
of deposits laid daw.n in water-filled depressions, on 
the landward side of actively forming bars, which sub
sequently became filled with fine-grained, floodwater 
deposits after the bar became part of the land. 

£• Backswamp deposits. Clays end silty clays which vary in 
thiclmess :from 20 to 25 tt blanket most of the area land
ward of the furthest landward position of the old channel 
between sta 47/22 to 53/16. These deposits underlie the 
natural levee deposit of the oldest channel course (see 
sections E and H, plates 25 and 27.) 

65. SandY sUts and silty sands. These sediments make up the 

greater part ot the top stra~um 1n the Trotters area. They form the 

upper part of the ridges in the ridge-and-swale topography, and are also 

the main constituents of the natural levee and crevasse deposits. 

a. - Ridge·and-swa~e bar topog:raph.y. The sediments which make 
up this type of top stratum deposits are typical of bar 
deposits elsewhere in the floodplain. They form the upper 
5 to 15 ft of each ridge and grade upward into somewhat 
finer sediments and downward into the more pervious sub
stratum. These deposits also underlie swale fillings of 
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clayey sediments end in places form pert of old channel 
fillings (see section E, plate 25.) 

~.- Natural levee and crevasse deposits. The natural levee 
deposits reach a maximum thickness of 15 ft around the 
most landward bank of the old cha.nnel, and gradually 
feather out along an irregular line at a distance which 
varies between 1000 and 3000 ft from the channel. The 
nature end distribution of these sandy silt and silty 
se.nd deposits can be best seen on the profiles of 
sections E and H (plates 25 and 27. ) No attempt was 
made to distinguish between crevasse deposits which 
extend away from the river into the old channel posi
tion and the similar, more Widespread natural levee 
deposits. 

Pervious substratum deposits 

66. The pervious substratum in the Trotters underseepage area 
I 

consists of a mixture of sands and gravels with various grain sizes and 

degrees at sorting throughout the entire section. Generally, the per

vious stratum increases in coarseness with depth, but coarse sands end 

gravel do exist to some extent near the top of the pervious stratum. 

Relation Between Distribution of Sediments and Underseepage 
I 

67. In order to relate geological and soil conditions to under

seepage, a study was made of the location of previously observed under

seepage and se.nd boUs during high water with respect to the location and 

characteristics of the various sediments in the area. From this study it 

was possible to establish some of the geOlogical conditions that cause 

concentration of underseepage and sand boils in the Trotters area. 

68. The location of boils and underseepage which occurred during 

the 1937 high water in the Trotters area, and which were mapped by the 

Memphis District and the Upper Yazoo Levee District, are shown on plate 22. 
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Attention is directed to the fact that three separate sources are quoted 

and that each source differs in details of location of undersee:page. It 

is difficult, therefore, to make definite correlations between geological 

conditions and underseepage. Data given in the Waterways EXperiment Sta

tion 'I'M 184.:..1 "Investigation of Underseepage, Lower Mississippi River 

Levaes 1 " 1941, for eta 53/40 to 54/24 are used in this report because it 

ropresante the latest compilation. Data for other underseepagc localities 

are taken from the report of the Memphis District and the report of the 

Upper Yazoo Levee District. Plate 22 shows the relationship between the 

distribution of undaraeepage phenomena as given by these various sources 

a.nd the surface sed1ments. It should be noted that subsequent to the 

1937 high water, the Memphis District has constructed a 200-ft seepage 

ber.m across the Trotters area. 

Seepase along levee 

69. Sta 48/0 to 53/16. The levee throughout this reach is con

structed across ridge-and-swale topography and built principally upon 

ridge sedtmenta under which the pervious substratum reaches its highest 

elevation. These ridges trend nearly parallel to the levee or cross it 

a.t a small angle and are separated by narrow swles under which tha top 

stratum is somewhat thicker. From the un~rseepage data shown on plate 

22 for this area it appears that where narrow ridge deposits are located 

between ewales and the toe of the levee, seepage tends to concentrate in 

this ridee area, where it is under ita max1mnm landward head, and form 

sand boils. This condition exists between eta 50/25 and 50/50, 50/58 and 

51/47, and between 52/0 and 52/53· 



38 

70. The be.ckswe.mp clays and silty clays, which form a mentle 

20 to 25 :tt thick landward of the old channel between 47/22 and 53/16 are 

probably impervious and therefore constitute a very effective block to 

underseepage landward of the channel position. Consequently, the greater 

portion of the underseepage probably comes to the surface in the area 

between the toe of the landside berm and the backswamp deposits. 

71. There is a possibility that at Sections H and N (see plates 

27 and 28) some seepage may come through the natural levee deposits 

which lie immediately beneath the levee. However, in this connection 

it is pointed out that relatively little seepage can pass through this 

deposit because of its low permeability and thinness. Also, seepage 

through this stratum could not extend very far landward because of its 

thjnness and exposure at the surface. 

72. Sta 53/37 to 5~/24. Sand boils developed in large numbers 

between these stations and occurred under somewhat different conditions 

trom those elsewhere in the Trotters area. The levee here is constructed 

across an abandoned channel which has been buried by a widespread clay 

blanket. Discussion 1n the field during the geological investigation 

indicated that the greatest number of boils occurred in the vicinity of 

profile M, (sta 54/1+05), plate 28. This general location is supported 

by the following quotation from the report of the Upper Ya.zoo Levee 

District on the '~(igk Water Fight, January and February 1937." "Station 

53/48 to 54/26 ••••• It may be stated that a larger number of sand 

boils occurred within this area than in any like area in the district •••• " 

Thus, the greatest concentration of boils developed in the area where 

the top stratum was relatively thin. The extremely large number of 
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boils suggests that we.ter mst have come to the surface through openings 

in the clay substratum. These fissures are probably due to crayfish holes 

and shrinkage cracks that develop during seasons of low-water table. 

73. Bolls were not reported in the area where the levee is 

constructed across the thick clay-filled thalweg position of the buried 

channel between sta 53/37 and 53/40. The exact thiclmess of this channel 

fUling is not known but borings 27 and 28, located along the thalweg 

between 1000 and 2000 ft landward of the levee and between the positions 

of profiles N and M ot plate 28, penetrated 20 to 26 ft into clayey top

stratum sediments, respectively. The borings both stopped in clayey 

sediments; therefore the thalweg filling must be somewhat thicker. 

74. sta 54/38 to 55/51+33. No borings were made between sta 

54/38 and 55/51+33 and plate 22 does not include underseepage data be

yond station 55/4+00. The underseepage occurs in an area where the levee 

is constructed across ridge-and-swale topography and it is assumed that 

it took place under similar conditions to those discussed in paragraph 

69 of this report. The boil at sta 54/38+00 developed along the edge 

of a clay-filled swale near an angle in the levee. The boil at sta 

54/45+00 occurred at an angle in the levee at a point where the levee 

is bordered by landside borrow pits which penetrate and expose the per-
... 

vious substratum. 

75. Borrow pits. Throughout the entire area studied the levee 

is bordered by riverside borrow pits which locally penetrate the pervious 

substratum and which probably facilitate the entrance of seepage into the 

pervious foundation. This supposition is borne out by an analysis of the 

piezometer data subsequently discussed. 
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Piezometer Installations and Data Obtained 

Piezometer installation 

76. Description of piezometers. The piezometers at various depths 

at Trotters were designated W, X, Z, and M e.s described below • 

.!!• W piezometers, at the top of' the very fine sand stratum 
immediately beneath the upper stratum of' clay. 

~. X piezometers, at the top of' the medium and coarse sand 
stratum. 

~· Z piezometers, in the medium and coarse sand stratum. 

~. M piezometers, in a pervious stratum interbedded between 
more impervious strata. 

These piezometers were identical to and sealed in the same manner as 

those at Commerce. 

77. Location of piezometers. Between sta 50/3+80 and 54/1+05, 46 

piezometers were installed. The locations of these piezometers are shovn 

in plan on plates 20-24, and in profile on plates 25-28. The piezometer 

tips shown on the soil profiles are plotted at the correct elevation but 

their actual location is at the center of' the boring log shown adjacent 

to the piezometer tip. Data pertaining to piezometers are listed in 

tabular form on plate 39. Three principal piezometer lines perpendicular 

to the levee, lines E, H, and M, are located near the center of the 

mi-51 wll system, between the two well systems, and near the center of 

the mi-55 well system, respectively. Piezometers on these lines are 

located as far as 2690 ft riverside and 5o65 ft landside of the levee 

to determine the hydrostatic pressure gradients in the pervious substrata. 

Additional piezometers are also located along and in the vicinity of the 

mi-51 well site to measure the pressures al.ong the landside toe of the berm. 

• 
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A group ot six piezometers was. installed near mile 53 to measure the 

pressures on the inside of the old bend in the channel shown as "slough" 

on plates 22 and 24. Four of these six piezometers are located in a 

pervious stratum interbedded between two more impervious deposits. Eight 

additional piezometers were installed at sta 59/0+99 in the fall of 1943 

for a field permeability test whioh·was not performed. 

Measurement of pressure 

78. The methods of measuring pressure were the same as those 

described in paragraph 21. 

Analysis of data 

79. The first opportunity to obtain any piezometer or well data 

occurred during the high water in May and June of 1943. At that time an 

average maximlm net head above the well outlets of approximately 7.7 ft 

occurred at the mi-51 site and 9.8 ft at the mi-55 site. These heads on 

the levee equaled 3~ and 35% of the maxim1m head that would exist with 

the project flood at the respective locations. The piezometer data taken 

during the 1943 high water have been analyzed both with and without the 

relief wells in operation. An analysis of the actual well flows, subseguent

ly diecussed, indicated that the actual flows were in excess of the de-

sign values computed in paragraphs 87 and 88. Therefore, both systems 

were re-anelyzed on the basis of the seepage entrance as determined from 

actual piezometer readings and a further study of the permeability of the 

foundation sands. Also, the Trotters well systems have been re-analyzed 

on the basis of data obtained from models since their installation. 

80. Plate 33 shows the relation of piezometer readings to the river 



stage at piezometer lines E, H, and M. At line E, which is approximately 

at the center of the mi-51 well system, most of the piezometers and the 

river (stage at sta 50/36+50) crested on 7 June. The piezometer pressure 

crests were prcu'essively lower landward of the levee for the X-piezometers. 

Three piezometers with the tips located in the fine sand immediately below 

the impervious top stratum, E-7-W, E-8-w, and E-10-W, indicated lower pres

sures than the X-piezometers at the same location but at a greater depth. 

It is believed that the W·piezometers reflect the loss in head due to 

vertical seepage between the tips of the X- and W-piezometers. The data 

on plate 33 indicate no appreciable lag in the crest of the artesian 

pressures between the slough and the levee, and the river crest. However, 

the piezometers landward of the slough did lag one to two days behind the 

river. 

81. The readings of piezometers E-8-W and E-10-W indicate the 

existence of no excess head at the tips of these piezometers for the 

flood stages experienced. As the river stage apparently affects the 

readings of these piezometers relatively little, it may be reasoned that 

higher river stages probably will not create critical hydrostatic pres

sures at the location of these piezometers. At line E the critical area 

appears to be between the toe of the existing berm and the sublevee. On 

8 June piezometers C-1-X, ~1-X, and E-6-x, located at the toe of the 

berm in the subleveed area recorded pressures equal to 31, 27, and 40% 
of the net head on the levee, respectively, with no wells in operation. 

The net head on the levee in this case was the difference between the 

river stage and the average ground elevation. Piezometer G-1-X, the tip 

of which is located beneath a rather deep, clay-filled swale, recorded 
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an artesiaft head at 52~ ot the net head oa the levee. The daUy readtnss 

ot the piezometers located elong the toe of the berm at m1 51 are plotted 

on plate 34 and in profile for selected days on plate 35. Assuming that 

direct extrapOlation from observed conditions is possible, an average 

eteess pressure ot about 9.2 ft at the toe of the existing seepage berm 

may be expected tor the project flood at m1 51. From the soU profUes 

shown on plates 25 and 26, it can be seen that the critical, or max1nn1m, 

excess head that can exist in the subleveed area at Trotters mi 51 is 

about 6.5 to 10.0 tt based on a critical gradient of 0.8. 

82. At the ll·line of piezometers (mi 53) 1 where no wells were 

placed, the river stage is taken as the average of the gage readings 

at sta 50/36+50 and 54/1+05. At this line of piezometers the river 

crested on 7 June while the substratum pressures crested between 8 and 

11 June (see plate 33). The longest time lag was observed in the 

piezometers the greatest distance landside of the levee. The lag of 

the piezometric pressures was greater at this site than at either 

m1 51 or 55. The artesian pressures along the H-line of piezometers 

were generally rather low, all, except H-3-W and H-4-X at the landside 

toe of the berm, indicating a water level below the ground surface (see 

plates 33 and 36) • This is probably due to the relatively thin silty 

top stratum that exists along this reach of levee that allows underseepage 

to flow more freely to the surfaee. Piezometer ~3-X recorded an excess 

pressure of only 7~ of the net head on the levee on 7 June. For a higher 

stage, of course, the pressures would be greater and excess artesian pres

sures would extend turther landward. 

83. The M-piezometer line was situated about in the center of the 



well system at mi 55. At thie site ths wells were OJ;'ened on 1 June 

and were left oxen during and past the time when the river stage on 
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the gage at sta 54/1 +05 created on 7 June • The walla were closed how-
' 

ever, on 9 June when the river was 1 ft below crest stage. On that 

date piezometers M-3-X and M-4·W, located at the toe of the berm, both 

rocorded artesian pressures equal to 30~ or the nat head on the levee. 

This value is somewhat less than that which probably could bo developed 

if the piezometers had had a longer time to stabilize before being 

affected by the falling river stage. Piezometers M-6 -X and M-7 -X 

indicate a time lag of about 2 days behind the river stage. (See plate 

33-) 

84 • On plate 34 are plot ted the daily readings of the piezometers 

at mi 53 on line L extended. The piezometers interbedded in the vary fine 

sand stratum between tvo more imllE'rvious strata indicate readings which 

are somewhat lower than the pressures in the deeper, more :pervious sand 

stratum. The pressures at the toe of the berm as indicated by J -1-X are 

considerably lees than that indicated at either the mi 51 or 55 sites, be

inS only about 10~ of the net head. The crest of piezometer L-2-X1 lo

cated at the toe of the berm, lag€)9d behind the crest· of tho river by 6 

days and never recorded pressures above the ground surface. The lower 

pressure and greater t1me lag in the two X-piezometers at mi 53 were prob· 

ably due to the fact that the riverside borrow pits at line L extended 

were not excavated to the clean sand and therefore the effective source ot 

eee:page is probably at a greater distance .from the levee. The rather low 

pressure could also be attributed to the slough immediately landward of 

those piezometers which mayla acting as a sink for seepage along this stretch 
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ot levee. 

Relief Well Systems and Data Obtained 

Relief well installations 

85. Eescription of wells. 'l'he pressure relief wells at Trotters 

consisted of a screen section in the pervious substratum, a riser pipe 

section, and a discharge section. The screen section of the wells was 

eomposed of a 2-1/2-in. ID perforated clay tile pipe (48 3/16-in.holes 

per ft of pipe), surrounded by 4-in. ID porous concrete pipe. The 

length at the screen was 26 ft at the mi-51 site and 24 ft at the mi-55 

site. The pipe was in 1-ft lengths, and had a wall thickness of l/2 in. 

and nush shiplap type joints. The porous concrete pipe was made in 

2-tt lengths and had a wall thickness of l in. and flush shiplap joints. 

86. The riser pipe was 3- in. ID clay tUe pipe which was joined 

to the perforated clay pipe core of the screen section with a 3- to 

2·1/2-in. reducer. The riser pipe connected to the discharge section 

through a 3-in. clay tee. The tee was set with the stem horizontal, and 

the top capped so as to make the well accessible for cleaning. T.he dis

charge pipe was a 12-in. length of 3-in. iron pipe which could be closed 

with a 3-in. iron plug. A dome of concrete was poured around the tee 

and the discharge pipe (see details on plates 30 and 31 and photographs 

on plate 32). The water was discharged at or near the ground surface and 

was led by a shell ow ditch to the main collection ditch. At the mi-51 

site the wells discharged into a sublevee area, while at mi 55 the wells 

discharged into a drainage ditch along the landside toe of the berm. All 

wells were sealed through the top stratum by a sand-bentonite seal tamped 



46 

around the riser pipe topped by about 3 ft ot concrete. Photographs of 

the well materials are shown on plate 32. 

87. Desipp at well system -- mi 51. '!he original design of the 

well system was based on the assumption of the tailwater at the well out-

lets end a completely impervious landside top stratum. The primary souroe 

of seepage was taken to be in about the· middle of' the borrow pits river-

side of the levee which were excavated to such a depth that the pervious 

substratum was exposed over a considerable area. Design values used for 

the well system in the sublevee area are summarized below: 

Thickness of sand stratum, d 

Distance to source of underseepage, s 

Av. net head for project flood, H 

Radius of well, rw 

= 100ft 

= 1200 ft 

= 25.5 ft 

= ' 0.25 tt 

Av. permeability of foundation, kf = 450 x lo-4cm/sec = 0.09 ttfin~ 

Well penetration into pervious stratum, W = 25~ 
Maximum allowable net head midway between wells, P = 5 ft • 

The ~sk·at-Jfe:rvis method of analysis was used for the design (see 

Appendix A, waterways Experiment Station T.M. 3-304 "Relief Well Systems 

for Dams and Levees on Pervious Foundations, " November 1949). 

Using a 5D-ft well spacing: 

a = 50 ft, 

.!! = 50 = 200 
rw 0.25 

r = 0.25 ft, 
w 

~ = 100 - 2 0 
a 50 - • 

d = 100 ft 

Extra length = 2 • 65, 
a 

i ( ~ + extra length l = 2 _20 
H a a 

Extra length (EL) = 2.65 X 50 a 132 ft 



Qw _ k a d 0.09 x 50 :x 100 
if - e +EL = 1200 + 132 =- 0 ·338 ctm ~~ 2 ·53 sr.m/rt net head 

p 2.20 H = 1200 X 100 = 8.26% of net head 
50 + 2.65 

For the project flood: 

Qw = 2.53 x 25.5 = 65 gpm 

P 8.26 2 = 1 OQ X 5 • 5 = 2 .1 ft • 

To compute the hydraulic head losses in the well, the following wall 

characteristics ware used: 

Length 2-1/2-in. pipe = 26 ft 

Equivalent length 2-1/2-in. perforated pipe 
carrying full discharge ( asenmad) = 15 ft 

Length of riser and discharge pipe (approximate) = 18 ft 

One 3-in. tee 

Assuming Hazen-Williams C = 100 and a flow of 65 gpm, the head loss in 

the well screen, riser and discharge pipe were determined to be: 

Screen entrance loss 

Friction lose {2-1/2-in. ID pipe) 

Sudden enlargement 

Friction lose (3-in. ID pipe) 

T-loss 

Velocity head loss 

Total loss 

--
--
--
--
--
:: 

--

0.17 tt 

0.79 

o.o6 
0.39 

0.20 

0.13 

1.74 ft 

Due to these friction losses within the well, this flow will be reduced 

a certain amount which will in turn lower the friction losses • By a 

process of adjustment (see WES TM No.3-3o4) the resulting flow for the 
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project tlood was computed as 61 gpm with a friction loss 1.!1 the well of 

1.6 ft. The f1Ml desi@'l was as follows: 

Well spacing, a 

Penetration, W 

Estime.ted Q, 
Maximum P = 2.1 + 1.6 

Top of screen, elev 

Bottom of screen, elev 

= 50 ft 

= 61 gpm per well 

= 3.7 ft (above the outlet) 

= 167 .o ft 

= 141.9 ft 

These 42 wells discharged into the sublevee area and the outlets were put 

as low as possible. A photograph of the outlets of wells 29 through 42 

is shown on plate 32. 

88. Design of well system -- mi 55. As at mi 51, riverside borrow 

pits were again assumed to provide an entrance for underseepage at a dis-

tance of about 1200 ft from the line of wells. Design values used for the 

mi-55 well system were as follows: 

Thickness of sand stratum, d = 100 ft 

Distance to source of underseepage, s = 1200 ft 

Av. net head for project flood, H = 28 ft 

Radius of well, rw = 0.25 ft 

Av. permeability of foundation, 
kr = 300 x lo-4 em/sec = 0.06 ft/min 

Well penetration into pervious 
stratum, w = 25'fo 

Maxjm1m allowable net head midway 
between wells, P = 6 ft 

Using a 75-ft well spacing: 

a = 75 ft, rw = 0.25 ft, d = 100 ft 



a - 75 = 300 0.25 

Extra lenftth = 2 • 65 
a 

d 100 
75 = 1.33 - . a 

g { .!! + extra length ! • 2 . 63 H a a J 

Extra length (EL) = 2.65 x 75 = 200 ft 
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~ • k a d = O.o6 x 75 x 100 = 0.321 cfm = 2.41 gpm/ft net head 
H s + EL 1200 + 200 

p 2.63 i = 1200 + 2.65 x 100 = 14.1~ of net head 

75 

For the project flood: 

~ = 2.41 X 28 = 67.5 

P a 14.1 X 28 ~ 4 0 ft 
100 • 

To compute the head losses in the wells, the following well characteristics 

were used: 

Length 2-1/2-in. pipe • 24 ft 

Equivalent length, 2-1/2-in. ID 
perforated pipe carrying full 
discharge (assumed) = 12 ft 

Length 3-in ID riser and discharge 
pipe ( approx. ) :s 53 ft 

One 3- in. ID tee 

Assuming Hazen-W1lliams C D 100, and a flow of 67.5 gpm, head losses 

in the well and discharge pipe were computed as follows: 

Screen entrance loss = 0.19 ft 

Friction loss (2-l/2-in. ID pipe) = 0.71 

SUtden ·enlargement :a 0.07 

Friction loss {3-in. ID pipe) a 1.27 



T-loss 

Velocity head loss 

Total head loss 

= 0.22 

= 0.15 

= 2.61 ft 

50 

Due to these frict~on losses within the well, the flow wUl be reduced a 

certain amount which will in turn reduee the friction losses. By a pro

cess ot adjustment, the resulting tlow for the project flood was computed 

as 63 gpm with a friction loss in the well of 2.3 ft. The final design 

was as toll ows: 

Well spac 1ng, a 

Penetration, W 

Estimated "' 

Maximum p = 3 ~ 4.0 + 2.3 

Top ot screen, elev 

Bottom of screen, elev 

= 75 tt 

= 25~ 
~ 63 gpm per well 

e 6.3 ft 

= 160 ft 

= 134 tt 

The 81 wells were located on a line about 10 ft from a drainage ditch 

about 100 ft lands1de of the berm and discharged directly into the ditch. 

A photograph of some of these wells is shown on plate 32. 

89. Method of installation. The wells were installed in the 

same manner as those at Commerce (see paragraph 41 .). 

Analysis of data -- mi-51 wells 

90. The relief wells at the m1-51 site were opened on 8 June, one 

day after the river had crested. Discharge measurements were made on 8 and 

9 June. No measurements were made after 9 June, as the river was falling 

very rapidly. The piezometers were read on 8 June before the wells were 

opened. A summary of well and piezometer data obtained on these dates 
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is given in table 3. 

91. WelJ. discharge. ProtUes of well discharge are shown on 

plate 37 for the two sets ot measurements that were obtained. It is 

readily apparent that the individual flows were quite erratic. However, 

the average well flows were approximately egual to those expected for the 

head that developed. Breaking the 42 wells into the three groups as 

divided by the sublevees, the average well flows and the estimated flows 

using the original design assumptions tor the river stage on 9 June are 

as follows: 

Wells 

l through 15 

16 through 28 

29 through 42 

Average 

Observed 
Average Well Flow, gPm 

~ QjH* 

8.8 

24.7 

17.8 

16.6 

1.9 

3.7 

2.3 

2.6 

' 

Estimated Well flov, gpm 

~ 

11.6 

16.7 

20.0 

14.2 

T.be differences between the estimated well flows is due to differences in 

average well outlet elevations. It does not appear to be possible to 

correlate the variation in individual well flows with the minor geOlogi· 

eel features at the site. 

92. Pressure relief. Five piezometers existed along the line of 

wells at m1 51 at distances from the wells ranging from a very short dis· 

ta.nce to 22 ft. The daily readings ot these piezometers are shown on 

plate 34. Profiles of hydrostatic pressure indicated by these piezometers 

and one additional piezometer about one-half mile upstream of the mi-51 

* Net head on weJl system adJusted for well and screen losses. 



52 

well system are shown on plate 35 tor selected days. Table 3 gives the 

pressure heads above the ground surface adJacent to the piezometers be· 

tore and after the wells were opened. In order to evaluate the effect of 

the wells it is necessary to estimate the net excess head that would have 

existed at the river stage corresponding to that on the day the well data 

were obtained if the wells had rema,ined closed. It was assumed in compu'

ing this head that it would have the same proportion to the net river head 

as it had the day before the wells were opened. Opening the wells re

duced the excess head at the levee toe about 25 to 45~ (see table 3). 

Without the wells open the excess hydrostatic heed at the levee toe was 

approximately 30 to 5~ of the net head on the levee at the well sites. 

The tact that this head was considerably less than the net head on the 

levee is due to natural seepage through the landside top stratum. The 

estimated excess heads at the toe of the levee for the project flood 

without the well system in operation are given in table 3. Without any 

wells, excess heads of 6.0 to 13.6 ft might be expected landward of the 

levee for the project flood. This extrapolation of piezometer data was 

based on the assumption of laminar flow through an unruptured top stra

tum. As these heads are equal to or in excess of the maximum possible, 

they would not be obtained in the field because increased seepage and/or 

piping would occur before such heads could be built up. In order to 

evaluate the validity of the original design, the residual heads between 

wells were adjusted for hydraulic head losses within the well (see 

table 3) ao that they could be compared with the original design residual 

head of P = 8.3i B as computed from the Jervis curves. These data show 

residual heads considerably greater than originally computed. The estimated 
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averase head le•dward at the levee with the wells open tor the project 

flood at this site was about 6 to 7 ft. Although the well system end 

natural seepage did reduce the net head landward of the levee 62 to 8~, 

the estimated residual head la~dward of the levee for the proJect flood 

still was more than the 5 tt considered permissible in the original design. 

Analysis of data -- m1 '' wells 

93. The wells were opened on 1 June, closed on 9 June for one day, 

and then reopened. The ri\Ter crested on 7 June. A summary ot well and 

piezometer data tor 8 and 9 June is given in table 3. 

94. Well discharge. Profiles ot well discharge for 3, 5, and 

7 JtJne are plotted on plate 37. Partie! explanations my be offered for 

some of tbe variatioDs 1n well flow. !be generally lower flows of wells 

1 through 24 were due in pert to the well outlets being 2 to 4 ft higher 

than the remainder ot the wells. Well 121 which had a low outlet, had 

a considerably higher discharge than the other wells in this group. 

Another factor which apperently affected the well flows was the berms 

which were left in the riverside borrow pits perpendicular to the levee. 

Wells on the land side of these berms usually showd somewhat lover flows 

than the other wells nearby. Wells that were apparently affected by the 

reduction ot the nMerseepage entrance are 3 through 8, 18 through 22, 

and 31 through 34. 

95. The low flow from wells 65 and 66 was probably due to the well 

screens being placed in upper very tine send stratum· whereas the screens 

ot the other wells were placed in the deeper, more pervious sands. At 

the time ot instelle.tion it vas believed that the material in which 
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these wells were placed was as pervious at the deeper sands. However, it 

appears that this was not the case. 

96. The generally lower flows from wells 58 through 81 as compared 

to wells 25 through 57 are probably the result of a more pervious land

side top stratum. The geological investigation indicated that the land

side top stratum changes at approximately sta 54/17+00 from impervious 

clayey channel filling to relatively pervious ridge deposits. There

tore, considerable pressure relief probably took place through the top 

stratum behind wells 58 through 81 resulting in lower well flows. No 

explanation is readily available for the extremely low flows from wells 

79, ao, and 81. 

97. Plate 37 shows a curve of average well discharge per levee 

station for ell wells versus the river stage. As the curve is convex 

downward at the highest stage, it is an indication that the efficiency 

of the wells was increasing with lengthening time of operation. This 

fact is fUrther indicated by the greater well flow on the falling 

river stage than the flow at the same stage when the river was rising. 

D:a.l"ing the period of flow, the wells probably "developed" somewhat and 

the unit entrance losses into the well apparently decreased. 

98. The average flow from wells 23·49 in the central portion of the 

system at the crest stage of the river was 41.7 gpm. For this quantity 

of flow, the effective head on the wells was reduced by l. 2 ft due to 

friction and other head losses in the well screen and riser pipe, which 

resulted in a net head producing flow of 8.6 ft (190.1 - 180.3 - 1.2) · 

The average flow per well per ft net head on the levee was, therefore, 

4.9 gpm (41. 7 ; 8.6) compared to the design flow of 2.4 gpm ft net head 

. ' 
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on the levee. 

99. Pressure relief. As the wells were opened several days 1n 

advance of the crest of the river, a value for the amount of pressure 

reduction due to the operation of the wells at the maximum river stage 

cannot be obtained directly. However, by making a comparison of the daily 

plot of the piezometers on the M- and H·lines, it is estimated that the 

pressure developed in the pervious stratum at the flood crest was 1.2 

to 1.5 ft less than it would have been if the wells had not been open. 

~is reduction 1n artesian head is borne out by the effect demonstrated 

by the closing ot the wells on 9 June. Although the river dropped o. 7 

tt trom 8 to 9 June, the artesian pressure indicated by piezometer M-3-X 

increased 0.5 ft. ~1s represents an effective pressure increase of 

0.7 ft, assuming ~3-X would change by the same percentage as the river 

head. Opening the wells at this site reduced the excess head at the 

levee toe about 32~ (see table 3) • The excess head at the toe of the 

berm in per cent of net river head, adjusted for well losses, was 13~ B, 

which agrees fairly closely with the design value of 14i H. It was 

noticeable 1n the fields landside of the levee, that the opening of the 

wells materially reduced the number of small boils in the bottom of the 

ar&inage ditch, as well as the underseepage emerging in the fields beh~d 

the wells. However, even with the wells open, some seepage was noticeable 

along the lower end of the section between the berm toe and the line of 

wells. Before the wells were opened a number of smell sand boils had 

occurred in the bottom of the drainage ditch which parallels the line 

ot wells. When the wells were opened about half of these sand bolls 

disappeared and the remainder continued with diminished activity. 



100. It ehould be noted that piezometers M-3-X end M-4-w showed 

•ery little, it any, difference 1n head during the entire period while 
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the wells were in operation. Since these piezometers are located at the 

toe or the berm 42 tt landward of the line of wells, this tact would seem 

to indicate that little or no flow occurred in an upward direction betveen 

the berm toe end the line of wells. 

Re- ana} ys is ot We.1J. Szstem.s 

lOl. As pointed out in the analysis of the well flow end pie~ometer 

de.ta taken during the 1943 high water 1 the flows and pressures recorded 

at both veU sites were somewhat above the computed values. 'Ihe increased 

well flows may be attributed to: 

a. A closer effective seepage entrance than origi~ally - assumed. 

b. An nnderesttmation of the coefficient ot permeabUity - of the deep sands. 

~e greeter heads between wells may be the result of: 

a. -
b. -

Increased losses in the well and riser pipe due to 
the well flow being greater than estimated. 

The "effective" penetration into the pervious stratum 
being less than 25~ as used in the design due to the 
fact that the "pervious" stratum increases in 
coarseness with depth. 

102. In order to bet'ter interpret the observed results from both 

well systems, a review of the foundation conditions has been made and the 

well systems have been re-analyzed in the light of the new design values 

thereby obtained. The well systems also have been analyzed by adjusting 

the model data. reported in WES TMilo.3-3o4 to the foundation conditions 

at Trotters. 
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Etf'ectlt'e source of' seepase 

103. The distance f'rom the center liDe ot the levee to the effective 

source ot seepage was computed at each of' the three main piezometer lines. 

The computations were based on the hydraulic gradient in the pervious 

stratum beneath the levee ,as given by the piezometers at the levee center 

line end at the landside toe of the berm. The effective source ot seepage 

was taken as the point where the hydraulic grade line beneath the levee 

extended intersects the stage of the river. The average distance to the 

effective source of seepage at piezometer lines E, H, end M is as follows: 

Line 

E 

H 

M 

Distance from Levee Center Line, tt 

650 

537 

65~ 

Distance from Line ot 
Wells, ft 

1040 

(no wells) 

1090 

An example of this projection is shown on the profile ot piezometer read-

ings for lines E, :a, end M (plates 35 end 36) for 1 June 1943. 1hese 

values, when compared to the plan maps, indicate tha.t the riverside borrow 

pits ere a source of underseepage as was originally assumed. At line M 

the geological investigation indicated that the pervious stratum was not 

exposed in the riverside borrow pits end that a thin stratum of impervious 

material remained as cover. Apparently there are sutfic ient cracks in 

the thin impervious stratum to all ow the water ready entrance into the 

pervious substratum. In the design of the well systems the distance to 

the source of seepage tram the line of wells was taken to be 1200 f't. As 

the distance determined trom the piezometers is somev.het smeller than the 

design velue, 'the actual wel 1 nows and heads midway between wells vould 



be slightly larger then the orig1nel design values assuming the other 

desi~ assumptions to be correct. 

Permeability of pervious stratum 

104. In the fell of 1943, subsequent to the high-water period when 

the Trotters wells were in operation Th&em-type field permeability tests 

were made at Commerce, Mississippi, (levee sta 23/2+75) in the Memphis 

District, end at Wilson Point, La., {levee sta 852) 1n the Vicksburg 

District, to determine the permeability of the pervious substratum at 

these sites. The results of these tests were reported in WES TM No. 3-299, 

entitled "Field Permeability Tests, Commerce Landing, Mississippi., and 

WUson Point, Louisiana," dated August 1949. 1hese pumping tests indi· 

cated an average coefficient of permeability of 700 x lo·4 em/sec at 

Wilson Point. Based an mechanical analyses, the foundation sands at these 

sites are very similar to those found at Trotters. 

105. The results of a number of laboratory permeability tests nm 

on samples taken from the foundation sands in 1940 indicated an average 

coefficient of permeabllity, · kf' of 450 x lo-4 em/sec in the m1•51 

area, based on whatever void ratio the sample was placed in the perme

ameter. In the analysis of the field permeabUity tests at Commerce 

Landing and Wilson Point, it was found that a fairly good relation ex

isted beteen the field-determined kf and the kf as determined from a 

correlation of the eff'ective grain size (D:J.0 ) and laboratory-determined 

coefficients of permeability corrected to a void ratio of 0.60., for sands 

:fOUDd in the vel] ey of the Lower Mississippi Biver. The laboratory tests 

were therefore corrected to a void ratio of 0.60; a re-average then 
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indicated a coefficient of permeability of the deep pervioue sande of 

830 x 10-4 em/sec . The individual valuee are indicated on plates 25-29. 

Because only a relatively few mechanical analyses were run on the sands 

in this area, no coefficient of permeability can be determined by a 

correlation with the n10 for these sands. 

1o6. Immediately beneath tha top stratum deposits which fill the 

abandoned channel between eta. 53/37 and 54/18 lie about 20 to 40 ft of 

fine and very fine sand. A number of mechanical analyses were run on 

samples of these fine sands taken in 1940. From a correlation of 1\o 
and permeability, an approximate value of the coefficient of permeability 

of these sands was determ1ned (see plates 28 and 29). The average value 

as determined by this method was 75 x 10-4 em/sec • Several :permeabUity 

testa were also run on undisturbed samples in both horizontal and vertical 

directions. The averages of these values (see plata 28) wre about 

50 x 10-4 and 40 x 10-4 em/sec in the horizontal and vertical directions, 

res}'ectivaly. · 

107. The original design permeability (Irr) for the mi-55 system of 

300 x 10-4 em/sec was selected from the average of a number of permaab111-

ty teats, uncorrected for void ratio 1 made on sands taken from the UpPer 

IX>rtion of the more pervious stratum. The average of these testa, if cor

rected to a void ratio of o.6o, gives a value of about 400 x 10-4 em/sac; 

the individual corrected values ara' shown on plates 27 and 28. However 1 

as the deeper portion of the pervious stratum, for which no laboratory 

data ware available, is considered to have a greater carrying capacity 

than the upper portion, the coefficients of permeability from tho upper 

portion should be given lesser weight in estimating tho permeability of 
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the ant ire stratum. From the reeul ts ef the well now measuremonts die

cussed above, natural seepage measurements made during tho 1950 high 

water, and piezometer data collected during both high waters at the mi-55 

site, an estimated kf of 840 x 10·4 em/sec has been determined. '!'his 

value agrees closely with that determined for the mi-51 site. 

108 • Tbe thickness o:f the pervious stratum of 100 tt as used in 

the original design was the sum of the thicknesses of the very fine sands 

located immediately below the top stratum and the more pervious dee:per 

sands • However, the very fine sand stratum has an effective carrying ca .. 

pacity equivalent to only about a 3-ft thickness of the more pervious un-

dar lying stratum. As the thic knees of the :pervious sand stratum is about 85 

ft alons the middle seetion of the well system, an equivalent thickness of 

about 88 ft (85 + 3) is considered correct for the ~rvious foundation. 

Permeability of top stratum 

109. IXlring the 1950 high water measurements ~re made of the seep-

age emergins to the surface within the subleveed area of the mi-51 site 

and in a strip approximately 100 ft wide 1J'C!JTtSdiately landward of and 

parallel to the existing seepage berm at the mi-55 site. On the basis or 

these flow measurements and piezometer readings taken at the toe of the 

berm, the coefficient of permeability of the top stratum within these 

respective areas was determined to be l x 10-4 and 5 x 10·4 em/sec, re

spectively. Us ins Barron's formula for a leaking top stratum and the 1950 

piezometer reading at the mi-55 site, ~ was determined to be about 

1 x 10-4 em/sec, which agrees wall vith the values computed from the ob

served flows. Although the comp.1ted coefficient of permeability for the 

mi-55 site may seem rather high for clayey materials, it is pointed out 



that innumerable crayfish holes and other fissures in the top stratum in 

this area emit a considerable amount of water and thereby increase the 

effective permeability of the top stratum. 

110. The following assumptions and values ware used in re -analyz ins 
the Trotters well systems. 

Mile 51 

a. ID of well screen 2-1/2 in. -
b. ID of riser pipe 3 in. -
c. Effective well radius (r ) 0.25 tt - w 

d. Penetration into pervious - stratum (W} 25% 

~. Distance from source of seep-
age to line of wells (a) lo40 ft 

!.· Thickness of top stratum (z) 10 ft 

s.. Thic lmess o t tervioue 
stratum (d) 100 ft 

Mile 52 
2-1/2 in. 

3 in. 

0.25 ft 

25% 

1090 ft 

10ft 

88 ft 

h. Permeability of top atra.-
- tum (~) lxlo-4 em/sec lXlo-4 em/sec 

1. Paxrooability of pervious 
- stratum (ltr) 800xl0-4 em/sec 800X10-4 em/sec 

J.· Well spacing (a) 50ft 75 f't 

k. Infinita l.ine source of seepage parallel to a.n infinite - line of relief wells. 

111. To compute the }:ead between the wlle and the flow from the 

welle, several sources were used. These were 

a. Jarvis design curves -
b • WES - Model A-a.-1 * -
c • WES ... Model A-a-2* -

* Waterways Experiment Station models reported in TM No. 3-3o4 "Belief 
Well Systama1br Dams and levees on Porv;ious Foundations," November 1949. 
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It should be pointed cut that the Jervis design curves ead Model A·a·l 

ere based on an impervious top stratum while Model A-a-2 had a relatively 

impervious top stratum (~ = 4 x lo-4 em/sec). All model data were 

adjusted to the foundation conditions existing at the two sites, end the 

size ot wells that were used m the installations. 

Be~·anal.za1e . ,compitat 1ens 
C I 

112. Mile dl . 

• 

.!· Jervis design curves (See tig. A41 WES TM No. 3;.304) 

50 
0.25 ~ 200; 

s 100 
a =- 50 • 2 •0 

Extra length = 2.6o; 
a 

p -H 
( .§ + extra length ., c 2. 20 

a a I 

Extra length (EL) • 2.60 x 50 = 130 f't 

0.16 x 50 x 100 0 68 cfm 5 1 gpm/ft 
1040 + 130 a • =:. • 

~ :a 10402~2~.6o x 100 • 9.4 'f,. of net head 

50 

net head 

b. WES -- Model A-a-1 -
Notes: (l) See fig. 15, WES '1M No. 3 ... 300. tor -model data· 

(2) Model data adjusted to mi-51 .. site arid well 
system by means of Jervis curves for partial 
penetration ·- See Fig. A4, TM No. 3-304. 

(3) Subscripts P and M refer to prototype and 
model, respectively. 

For the model W = 2~; a = 50 ft; r, = 1.5 ft; 
d = 150 ft; kt • 0.1 tt/min; s a 1000 tt: 

I'll gpm and ' • 0 o88 · .. x J M • 
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rQW 1 100 0.16 
-H ... p a 150 X 0 .10 % 

~1000 + 89) 
1040 + 130) x 5.1 = 5 .o sr.m./rt 

net head 

[~ 
H 

(~ + ~) J*: r <!.> + .. a. (~) ~] a a p .. p 1 M M [~] , or li ·p· p X 

<!. • ~, r· ·" [<!-> + (~) *] r _ M 
LH a a M p a p 

r 1 ooo + 1 77 ., 

l
. ~ J . :c 2 .20 z ·- 50 • .J 

H p 1 .02 lo40 . X 8 .8~ = 17 .6tfo 
f + 2 60 l 
I. 50 • ... 

2..• WFS -·Model A-a-2 (See fig. 16, WES 'I'M No. 3-3o4 for 
model data) • 

Notes: (1} Data for modal A-a-2 considered applicable to 
mi-51 site because both modal and prototype 
have practically the same s(lOOO ft and lo40 
tt, respectively) and approximately the same 
artesian pressure (36~ H) at landside toe of 
levee with' no vall system in operation. 

( 2) Modal well flow and head bet~en -wells ad
justed for mi-51 site by the method as 
described in paragraph 112b. 

For the model, l~ 1 a 4 .2 gT!m and r ~ 1 :a 7 .otL 
H -· r- H 11 M . "'M 

Natural seepage (no wails), 
epm/50 ft of levee 

(
Q.s -- J = 4.0 
H M 

Na.tura.l seepage (with wells), 

gpm/50 ft of levee 

* From Jervis curves for partial penetration of 25~· 
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Model data adjusted to mi 5J., ['-~1 • 4.2 gpm/50 f't ot levee 
p 

d · Pl 4rd.. an t - 1 • l • v-,o · li .. p 

Natural seepage (no wells) 1 • • , .. 

= 4.0 gpm/50 ft of levee. 

Natural seepage (with wells), 

[ Qs•V - ~ ::a l.O X 100 X 0.16 X 1001 
·· H - p 150 0.10 1330 

= 0.8 gpm/50 ft of levee 

Total flow {well + seepage), (Q + o ) = 4.2 + 1.0 s '""W p 

= 5.2 gpm/tt head on levee/50 ft ot levee 

Increase in total flow due to wells = 5.24- 4.1 x 100 • 27~ 
.1 

Interception of total underseepage flow by wells = 4.~ x 100 • 8~ 
5. 

113. From 1950 E-line piezometer data and river stages, the 

computed natural seepage flow passing beneath the levee is: 

Q 
_! • k i A = k ( (River Stage)-(E-6-X) ll x (d x a) x! 
R t t -· s · H 

= 0.16 X (l93 "fo4ol89•4 ) X 100 X 50 X* X 7.5 = 2.1 gpm/50 ft 
9.o of levee 

Natural seepage measured in the two lower bays of the subleveed area at 

the m1·5l site during the 1950 high water amounted to about 0.9 gpm per 

50ft of levee per tt of net head. - T.bese field data agree reasonably well 

with the natural seepage computed from the model data. • 

*L in figure A-li and eguat1on.(l7), Appendix A, WES T.M. No. 3-304 
"Belief Well Systems for Dams and Levees on Pervious Foundations," dated 
November 1949. 



65 

ll4. Natural seepage h the two lower bays of the subleveed area 

with the wells was estimated trom 1943 to 1950 data from piezometer E-6-z 

end 1950 seepage measurements. At these times the net heeds at the toe 

at the levee above the average tailwater elevation were 2.1 ft and 6.2 ft, 

respectively. The computed natural seepage with wells was, therefore, 

equal to 0.9 x ~:~ • 0.3 gpm per ft net head per 50 ft of levee or 

7 x 0.3 ~ 2.1 gpm per 50 ft of levee for the net head of 9 June 1943. 

115. Mile 2~· The results of computations similar to those in· 

dicated above are shown in table 4, although, of course, the frundation 

conditions and vel 1 system dimensions of the mi-55 area as outlined in 

paragraph 110 were used. 

116. !ram 1950 piezometer dnta (piezometer 5) and river stages, 

the computed total natural seepage passing beneath the levee was 

Qs 
H = 0.16 X 

(1Q2.8 - 184.6) l 
l040 X 88 X 75 X 13 •7 X 7.5 = 4.6 gpm per 

75 tt ot levee per ft of net head. The natural seepage measured along a 

lOQ-ft-wide strip during the 1950 high water amounted to 3 gpm per ft ot 

net head per 75 ft at levee. T.hese values determined from observed data 

agree reasonably well with 5.2 gpm/ft of net head/75 ft of levee as 

computed from Model A-a-2 data. 

117. Natural seepage in a 100-tt strip landward ot the levee 

with wells estimated from 1943 and 1950 piezometer data and 1950 seepage 

measurement equals 3 x 2 ·~ a 1.2 gpm per tt of net head per 75 ft of levee; 
5-

this value e.s computed from data from Model A-a-2 was 1.6 gpm. 

ue. An inspection of table 4 seems to show thatl in generall the 

wel 1 systems were somewhat underdesigned. However 1 as pointed out ~ 
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parasraph 99 the observed pressures between wells at the mi-55 site appear 

to agree reasonably well with the design value. Re- analyses of the system 

also indicate results that are reasonable in the light of the observed 

pressures at the mi-55 site. At the mi-51 site none of the methods of 

re-analysis seem to give pressures between wells that are consistent 

with the pressures observed during the 1943 high water. All of the 

methods of re-analysis, at both sites, indicate flows that are reasonably 

consistent with the observed values, although the values computed from 

model A-a-2 data agree closest with the observed flows. For the analysis 

of both pressure between wells and well flow, the model A-a-2 values 

generally appear to give the best results when compared to observed values. 
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PART IV: SOMMARr OF OBSERVATIONS AND CONCLUSIONS 

Ge~logr and Underseepage 

Commerce site 

119. The area of heavy underseepage at Commerce lies between sta 

23/5 end 23/30 where the levee crosses an old sand bar of a former river 

course. The top stratum in this area consists of a thin stratum, 3 to 5 

ft thick, ot relatively impervious soUs underlain by 3 to 8 ft of silty 

sands or sandy sUts. Numerous clay-filled swales and sandy ridges exist 

:Immediately landward of this reach of levee. West of the old slough at 

sta 23/40, the t~ stratum consists of a fairly uniform layer of imper

vious deposits approximately 10 to 18 ft thick. Little troublesome under

seepage has been observed along this latter reach of levee. 

120. Borings and field permeability tests indicate that the entire 

underseepage area at Commerce is underlain by approximately 175 ft of per

vious sands and gravels. This pervious substratum tends to increase in 

coarseness and permeability with depth. It bas an over-all coefficient 

of permeability of approximately 700 x lo-4 em per sec. 

121. The primary causes of heavy nnderseepage and sand boils at 

Commerce are the close "effective" seepage entrance which is possibly in 

the riverside borrow pits that have been excavated to sand, the great 

depth and perviousness of the substratum sands, and the thinness of the 

landside top stratum.. However, minor geological variations seem to have 

a bearing on the exact location of the heavy underseepage and sand boils. 

For example, a clay-filled swa~e approximately 100 to 200 ft wide and 6 ~o 
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20 ft thick :J mmedie.tely landward of end par all e1 to the toe ot the levee 

no doubt tended to cause concentration ot seepage between this swale and 

the toe ot the levee. Thick, impervious deposits larxlward of the old 

slough at Commerce constitute an effective block to surface seepage land-

ward of the slough. 

Trotters (mi 51) site 

122. As at Commerce, the levee at the Trotters m1 ... 51 under seepage 

site crosses a sand bar of' an old river course, the thalweg of which is 

located approximately 1200 ft landward of the levee toe. ibe top stratum, 

in the underseepage area consists predominantly of elternate strata of 

silty sands and sandy silts interspersed with numerous clay·f11led swales. 

Approximately 100 ft of pervious sends 1n'lderlie the entire area. These 

sands have a coefficient of permeability of approximately 800 x lo-4 em 

per sec. Riverside borrow pits in this area. penetrate into the pervious 

sands and no doubt facilitate the entrance of seepage into the pervious 

substratum. 

123. The primary cause of under seepage and sand boils at the mi .. 

5l site is believed to be a combination ot a close "effective" seepage 

entrance and deep pervious sends beneath the levee with a relatively thin 

landside top stratum. It is also believed that concentration of seepage 

at this site is affected very considerably by minor lenses and swales of 

impervious materials in the top stratum and in the upper part of the 

pervious foundation. 

Trotters ( mi 55) atte 
a a 

124. The levee at the Trotters mi-55 underseepage site is 



constructed across 811 abandoned channel which has beeD buried by a wide· 

spread clay blanket approximately 10 ft thick. Many sand boUs occurred 

along this reach of levee between sta 53/48 and 54/26 during the 1937 hi!h 

water. Although the top stratum in this area is of predominantly clay •· 

terials, considerable amounts of seepage occurred with relatively low 

head on the levee, primarily due to leake.ge through crayfish holes e.nd 

shrinkage cracks in the clay blanket. 

125. The pervious substratum at the site consists of an upper stra• 

tum of extremely uniform fine end very fine sands about 20 to 40 ft thick 

underlain by about 85 tt of uniform medium to coarse sands with gravel. 

The coefficient ot permeability of the lower medium and coarse sand stratum 

is est1mated to be about 800 x lo-4 em per sec. 

Piezometer Data 

Co~rce site 

126. The piezometers along the landside toe of the levee at Com

merce indicated artesian pressures, with no wells in operation, of 15 to 

4~ of the net head on the levee. The short time lag of the cresting ot 

the piezometers after the river crest is indicative of very rapid trans

mission of substratum pressures which 1n turn is indicative of a very per

vious foundation. The piezometers located beneath the top stratum and in 

the upper portion of the pervious stratum show a considerable difference 

1n the artesian pressures at the elevations of their tips. T.here was 

little difference in the readings of the piezometers located at different 

depths deeper in the pervious stratum. !hese facts indicate considerable 

vertical flow at the toe a£ the levee. Boring logs show the existence ot 
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tiDer ean4 and silt strata near the up:per portion ot the ptrvioua stratum 

vlaich could materially reduce the permeability in a vertical. direction 88 

ccapa.red to sands without such strata. 

127 • Piezometers beneath the levee at Commerce show that the etfee • 

tive seepase entrance is approximately 1250 ft from the landside toe ot 
' ' 

the seepage berm. This point coincides approximately with the middle of 

the borrow pits riverwe.rd or the levee. 

128. The S piezometers do'WilStream from the undaraeepaee area 1n-

41ce.te4 excess artesian heads at the toe of the seepaee berm of approxi

mately 251» of the net head on the levee. The reason for this low residual 

head at the toe ot the levee in view of the relatively thick clay stratum 

is not known. 

Trotters (m1 51) site 

129. The piezometers at the toe of the berm at Trotters Jll1 51 

recorc1e4 excess pressures above the ground surface of about 30 to 4~ of 

the net head on tlle levee with no wells in operationi As at Commerce, 

there was very little ttme lee 1n the piezometer readings behind. tbe river 

ataees. The eat1•ted "ettecti ve" source of seepage based on piezometers 

beneath the levee at line I is 1040 tt from the toe of t:be seepase bera. 

Trot£era (mi 55) site 

130. Tbe piezometers at the toe ot the levee at the lower Trot ten 

site .,corded artesian pressu~s equal to approximately 35~ ot the net 

head on tbe. lewe • The effect). ve source of seepage as revealed by 

piezamters on the M line is 1090 ft from the l' ne of wlls • This implies . 
. "'" .. 

tll.at tbe px:JDarr source of uncl&J'aeepa.se e.t the lowr Trotters site may be 
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ill tlle riverside borrow pits. 'lbe crests of the piezometers at tlle toe 

ot the levee were about two days behind the crest of the river. 

Well Systems 

131. Analysis of the data from the well aDd piezometer ~stems at 

the Commerce and Trotters sites shows the following: 

a. -

b. -

c. -
d. -

e. -

f. -

h. -

The excess head at the levee toe with no wells 1n opera
tion ranged from about 26 to 38~ ot the net head on the 
well systems; with all wells in operation these values 
ranged between 18 end 26~. 

Tbe well systems reduced the artesian pressure at the toe 
of the levee from 20 to 45~ with an average of 32~ at 
each of the three sites. 

~ere was a visible reduction of natural seepage landward 
ot the wells. 

The source ot seepage at Commerce vas coasiderably closer 
than anticipated in the original design but was only 
slightly closer at the two Trotters well s7stems. Piezometer 
data and well nows indicate that the riverside borrow pits 
may be the primary srurce of seepage entrance. Visual 
examination of the borrow pits at Commerce and Trotters 
indicates that most of the pits extend into the send 
foundation aDd that the silt seal is relatively thin. 

The permeability of the sand foundations at the various 
sites was apparently about 1-l/2 to 2 times that used in 
the original designs for the systems. 

The final effect11eness of the wells for elimine:ft.1:ngdangerous 
pressures was not demonstrated by the river stages which 
occurred during the 1943 high water because of the 
limited head developed. 

Considerable natural seepage occurs at both the Co11111erce 
and Trotters sites; this seepage reduces the artesian 
pressure which otherwise would be present and therefore 
lessens the apparent effectiveness of a well system in 
reducing the pressure. 

On the basis of the performance of the wells at Commerce 
and Trotters, the combination of porous concrete pipe and 
perforated clay pipe as a well screen vas fairly satisfact-or--y. 



However, the riser pipe through the top stratum should be 
of e. type with watertight joints. No metal or wood pipe 
was available at the time these systems vere installed. 

j. The sand-bentonite method of sealing the wells throush 
the top stratum is satisfactory. 

~· · !he inside diameter ot the well screen and riser pipe 
resulted in greater friction and velocity losses than 
desirable, The total well and screen losses probably 
should not exceed 0.2 to 1.0 ft for the project flood, 
depending, of course, upon the site and pressure reduc
tion desired. 

k, -

1. -

m. -
n. -

The penetration of all well screens should be 25~ or 
greater from the ~op of the sand stratum; somewhat shorter 
screens when placed deeper in the foundation may be 
used where the sand becomes more permeable with depth. 

The outlets tor relief wells should be placed as low as 
possible. This was demonstrated by the greater pressure 
reduction caused by the increased flows tram the Trotters 
wells which bad lover outlets. This necessitates an out
let valve which will positively prevent the entrance of 
debris and sUt. ot course there is no need for placing 
the outlet below the minimUm tailwater elevation when 
the wells are in operation. 

There vas no indication that the relief valls presented 
any hazard to the levee. 

The well systems at Commerce and Trotters increased the 
total flow passing beneath the levee by approximately 25-. 
This is in reasonable agreement with data obtained from 
studies ot a seepage model with a leaking lands ide top 
stratum. 

132. Natural seepage beneath a levee can be estimated reasonably 

accurately from piezometer~ and a knowledge of the depth and permeability 

ot a foundation. Actual measured seepage at the various sites agreed 

reasonably well with that computed from piezometer data. 

l33. Data obtained from Model . A-a-2 as reported 1n WES T.M, No. 

3-304, "Reliet Well Systems tor Dams and Levees on Pervious Foundations," 

when adjusted to foundation conditions end well systems that are simUar 

will agree reasonably vell with the observed well fiows and residual 
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pressures. ibis is demonstrated by the :t'airly good agreemeat olttained at 

the Trotters sites where the prototype and model foundation conditions vere 

similar, Md the poorer agreement at the Commerce site where site condi· 

tions were not as similar • 

• 

.. 
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Table 1 

l'J42 COMMERCE RELIEF WELL SYSTEM 
SUMl·1Uff OF \-1ELL FLOW DATA AND HYDROSTATIC PRES3URES AT LEVEE TOE WITH AND WITHOUT ALL WELLS OPEN 

) 8 
Wells Clo::;ed 

Exec::;:; Bxc e:.;c Heud at Estimated Pressure 
Net Net He"d .:end Levee Toe for Net Net Head at .Net Head at Relief at 

River :-t Levee et Levee Project Flood River Levee Toe Levee Toe Levee Toe Due 
Wells .. umber Head , ft T~e. ft r;l ' - .•• .-. . ..; ? <! ft (a) Head, ft w/o wells , f t w/wel1s, ft to well::; , ft 

6 Ju..l,:, _11\-, 

1-14 A-1-X 6.9 2.1 .)0 6 .3 u .7 2.0 
6. ) 2 . 1 30 6.3 u.7 2 . 0 

15-24 C-1-X 7.1 2.5 35 7-5 6 .9 2.4 
D-1-X 7 .1 2.6 3'{ 7 -9 6. ) 2 .5 

25-34 E-3-X 7-3 l.SJ 26 5.6 7 .1 1.8 

35-43 F-1-X 7. 6 2 . SJ 38 8 .3 7.4 2 .8 
G-1-X 7. 6 2 .7 36 7-9 7.4 2.6 

4.4-50 K-9-X 7.8 1.4 lo 4. 0 7 . 6 1.4 

I -1-X 7. 9 2 .2 28 6.2 7 .7 2.1 
';)l-u1 J-1-X 7 .9 2 .4 30 6.7 7.7 2.3 

K-1-X 7 .9 2 .3 29 6.4 7 .7 2.2 
L-1-X 1.9 2 .2 28 6.2 7 .7 2.1 

62-69 M-3-X 8 . 4 2 . 0 24 5 -5 8 .2 2. 0 

N-1-X 8 . 4 1.3 15 3 .4 8 .2 1.3 
70-7b 0-1-X 8 . 4 1.3 15 3 .4 8. 2 1.3 

P-1-X 8. 4 1.0 12 2 .7 8 .2 1.0 
Q-1-X 8. 4 1.4 17 3.? 8 .2 1.4 

Average 7 .6 2 .0 26 5-7 7.4 1.9 

Notes: (a) Extrapolated on assWill~tion of laminar flow through top stratum. 
(b) Unadjll!>ted for well and screen losse::; . 

~- _J.:~U-243 

1.1 0.) 
1.2 0.8 

1.7 0.7 
1.4 1.1 

1.5 0.3 

2 . 0 o.o 
1.9 0.7 

1.0 0. 4 

1.7 0. 4 
1.8 0.5 
1.6 0. 6 
1.4 0 .7 

1.5 0. 5 

0 .7 0. 6 
0.7 0.6 
0.7 0.3 
0. 9 0. 5 

1.3 0. 6 

(3) and (7 )=River stage - average well outlet elevati.on for wells indicated in (1) 
(4) and (9)=Piezometer reading - average well outlet elevation for wells indicated in (1) 
( 5 ) = [ ( 4) ~ ( 3 ) J 100 
(6) = [Elev 220. 0 - average well outlet elevation for wells indicated in (1)] x (5) 
(8) = ((7) f (3D X (4) 

( 10 ) = ( 8 ) - ( 9 ) 
(ll) = ((10) f (8)] 100 
(12) = [(9) f (7)] 100 
(13) = Average well flow for wells indicated in (l) . 
(14) = (l3) i (7) 

Reduction of Excess 
Head at Levee Head at Well 

Toe Due to Levee Toe Flow 
Wells, 1, ;, gpm 

45 16 26 .5 
40 18 

29 25 18.0 
4.4 20 

19 21 18 .8 

29 27 25-3 
27 26 

29 13 21.2 

1) 22 
22 23 25.1 
27 21 
33 18 

25 18 20.2 

46 10 
46 10 22.8 
33 ) 

35 ll 

32 18 22 .2 

Well Flow 
per ft of 

Net Head on 
Levee, gpm 

4 .0 

2 .6 

2.6 

3.4 

2.8 

3.2 

2.5 

2.7 

3 -0 



Table 2 

1942 CCJ.l!-lElCE RELIEF WELL SYSTEM 
SUMMARY OF WELL .FLCM DATA AND HYDROSTATIC PRESSURES AT LEVEE TOE FOR 200-Fl' WELL SPACmGS 

Heads and '.Jell Flws Unad,Ested for Well Losses 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Heads and Well Flws AdJusted for Well Losses 
(10) (15) (ll) (12) (13) (14) 

Penetration Estimated Net Pressure Reduction of Estimated. 
into Net Head at Head at Relief at Head at Levee Excess Head Well and Net Net 

Pervious River Levee Toe Levee Toe Levee Toe Toe Due to et Levee Well Screen River Head at .f ~ 
Stratum Head w/o Wells v/Wells Due to Wells, i Toe Fl011 Losses Head Levee Toe H H 

<£ Piezometers ft ft ft (a) Wells,ft (b) 1> (a) (b) •..reUs gpm ft ft ft 1> gpm 

A-1-X, B-1- X 6.3 1 . 9 1.4 0.5 26 22 9,13 39.1 1.0 5 .3 0.4 8 7.4 
C-1-X, D-1-X 6 .7 2 ,3 1.7 0.6 26 25 17,21 45.0 1.3 5.4 0.4 7 8.3 

30 E-3-X 6.8 1.8 1.6 0 .2 ll 24 25,2J,33 32 . 7 0. 7 6.1 0.9 15 5 .4 
F-1-X, G-1-X 7. 0 2 . 6 2.2 0 .4 15 31 3. ,41 46. 9 1.3 5. 7 0. 9 16 8 . 2 

(8 June 1)+3a-9-X 7.2 1.2 1.1 0 .1 8 15 41,45,4) 40.0 1.0 6.2 0.1 2 6 . 5 
4:30AM) I-1-X,J-1-X,K-1-X,L-l-X 7.4 2. 2 1. ) 0.3 14 26 49,53,57 38 .2 0 . 9 6.5 1.0 15 5.9 

M-3-X 7.8 1.8 1.5 0.3 17 19 61,65,69 39 . 7 1.0 6 .8 0.5 7 5.8 
N-1-X,Q-1-:,P-1-x,Q-1-X 8.0 1 . 3 1.1 0 .2 15 14 73,77 33 .4 0. 7 7.3 0 .4 5 4. 6 
Average 7.1 1.9 1.6 0 .3 16 22 All 38 . 9 1.0 6 .1 0.6 10 6.4 

A-1-X,B-1-X 5.8 1.7 1.5 0 .2 12 26 7,ll 46. 0 1.1 4.7 0 .4 8 9.8 
C-1-X,D-1-X 6.0 2,1 1.8 0 .3 14 30 15,1),23 26. 9 0 .5 5.5 1.3 24 4.9 

20, E-3-X 6.1 1. 6 1.5 0 .1 6 25 23 , 27,31 23 .8 0.4 5. 7 1.1 15 4.2 
36-Ft ScretJlF-1-X,G-l-X 6.4 2 .4 2 . 0 0.3 12 31 35,3.1,43 31.4 0. 6 5.8 1.4 16 5.4 

H-9-X 6. 6 1.1 0 • .1 0.2 18 14 43,47,51 31.8 0 . 6 6 . 0 0 .3 5 5. 3 
(9 June 1943 I-1-X,J-1-X,K-1-X,L-1-X 6.8 2 . 0 1.8 0.2 10 27 51,55,59 29. 2 0. 5 6. 3 1.3 21 4.6 

10:30 AM) M-3-X 7.2 1.7 1.6 0.1 6 22 63,67,71 35.0 0. 7 6.5 0.9 14 5.4 
N-1-X,o-l-X,P-l-X,Q-1-X 7.3 1.2 0. :/ 0. 3 25 12 71,75 35. 2 0 .7 6 .6 0. 2 3 5.3 
Average 6.5 1.7 1.5 0. 2 12 23 All 32 . 4 0.6 5. J 0 . ) 15 5.5 

A-1-X,B-l-X 6 . 0 1 . 7 1.6 0 .1 6 27 8,12 33.0 0 . 7 5.3 0 . i 17 6 . 2 
C-1-X,D-1-X 6. 2 2 .1 2 . 0 0 .1 5 32 16,20 17. 3 0.2 6. 0 1.8 30 2. 9 

20, E-3-X 6. 3 1.7 1.6 0 .1 6 25 24, 28,32 20. 2 0 .3 6. 0 1.3 22 3.4 
18-Ft ScreenF-1-X,G-1-X 6.6 2 .4 2 . 2 0 . .> 8 33 36,40 34. 9 0. 7 5 .9 1.5 25 5. 9 

B-9-X 6.9 1 . 2 (1.3) 0 0 (1;) 44,48,52 25. 3 0. 4 6 . 5 0 . 9 14 3.9 
( 8 June 1943 I-1-X,J-l-X,K-1-X,L-l-X 7.0 2 . 0 1.9 0 .1 5 27 52,56 32 .8 0.7 t> .3 1 .2 1· 5.2 

7:30 PM) M-3-X 7. 4 1.7 1.6 0 .1 6 22 60,64,68 31.9 0.6 6.8 1.0 15 4 . 7 
l{-1-X, o-1-X, P-1-X, Q-1-X 7.5 1.2 1.0 0 .2 17 13 72,76 26.1 0 . 5 7. 0 1.0 7 3 . 7 
Average 6.7 1.8 1.7 0 .1 6 25 All 27 . 5 0 .5 6.2 1.2 19 4.4 

A-1-X,B-1-X 4.7 1.4 1.4 0 0 30 10, 14 12. 5 0.1 4. 6 1.3 28 2.7 
C-1-X,D-1-X 4 .8 1.7 (1.8) 0 0 (37) 18,22 5.0 Negligible 4 .8 1.8 (37) 1.0 

10, E-3-X 5.1 1 . 3 (1.5) 0 0 (29) 26,30,34 3 . 9 .. 5.1 1.5 (211) 0.8 
F-1-X,G-1-X 5 .3 1.9 (2. 0) 0 0 (38) 38,42 3 . 2 " 5.3 2.0 (38) 0.6 

(l.OJune l'l4~B-9-X 5.6 1 . 0 1.0 0 0 18 42,46,50 3 . 6 " 5.6 1.0 18 0 . 6 
12:01 AM) I-l-X,J-1-X,K-l-X,L-1-X 5.7 1.7 1.6 0 .1 6 28 50,54,58 5.1 " 5. 7 1.6 28 0.9 

M-3-X 6.1 1.4 1.4 0 0 23 62,66,70 3 .7 .. 6.1 1.4 23 0.6 
N-1-X,Q-l-X,P-1-X,Q-l-X 6.3 1 . 0 1.0 0 0 (16) 70,74,78 2.5 .. 6 .3 1.0 (16) 0.4 
Average 5 . 4 1 . 4 (1.5) 0 0 (28) All 5. 0 " 5.4 1.5 (28) 0.9 

Notes: (a) Numbers in parentheses are greater than those computed v1thout vells. (6) = (4) - (5) 
(b) Applicable for dates indicated in (l) (7) = [(6) i (4)] 100 
(3) :River stage- average vell outlet elevation far wells indicated in (9) (8) = [(5) ~ (3)] 100 
(4) a[(3) ~ net river bead, 6 June] x net head at levee toe, 6 June. (9) Wells listed are adjacent to piezometers illdiceted in (2). 

(Net heads based on average well outlet elevation illdicated in (9).) (10) Average nw from veils listed in (9). 
( 5) =Piezometer reading - average well outlet elevation for vella (ll) Well and screen losses ba::~ed on nws indicated in (10). 

indicated in (9) . (12) = (3) - (ll) 
(13) =(5) - (11) 
(14) = t(l3) ' (12)] 100 
(15) = (10) ~ (12}) 100 



(l) 

Wells 

Mi 51 

1-15 

1-15 

16-28 

29-42 

1-42 
(Aug) 

Mi 55 

23-49 

1-81 
(Aug) 

(.!) 

Number 

C-1-X 

D-1-X 

E-6-xe 

G-1-X 

M-3-X 

(31 (4) 

Net Net 
River Heed at 

Heed Levee Toe 
ft ft 

(5) 

Excess 
Head at 

Levee Toe 
'k 

Table 3 

1942 TRO'ITERS RELIEF WELL SYSTEMS -- SlJMWUU' OF WELL FLOW DA.TA AND HYDROSTATIC PRESSURES 

AT LEVEE TOE WITH AND WITHOOT RELIEF WELLS 

(6) 

Excess 
Head at 

Levee Toe 
For Project 
Flood , ftb 

(7) 

Net 
River 

Head 
ft 

(8) (9) (10) (11) (12) (13) 

Heads and Well Flows UnadJusted for Well Losse s 
R~uction 

of Heed 
et Levee Excess 

Est.Head Net Head Pressure Toe Due Head at 
at Levee at Levee Relief at To Wells Leve e Toe 
Toe w/o Toe Levee Toe for 9 for 9 Well 

Wells w/Wells Due to June,l943 June, l943 Flow, 
ft ft Wells , ft ~ 'k E!J!m 

(14) (15) 

Est.Well Net 
and River 

Screen Head 
Losses on Wells 
ft ft 

8 June 1943 -- Wells Closed 9 June 1943 -- Wells Open 

5.2 1.6 31 7.0 4 .8 1.5 1.1 0 . 4 27 23 8.8 0.1 4.7 

5.2 1.4 27 6 .0 4.8 1.3 0.7 0.6 46 15 8.8 0.1 4.7 

7 .4 3.0 40 9 . 9 7.0 2.8 2.1 0.7 :?5 30 24.7 0.3 6.9 

8.8 4.6 52 13.6 8 . 4 4 .4 3.2 1.2 27 38 17.8 0.2 8.1 

6.7 2.7 38 9.1 6 .3 2 .5 1.7 0.8 33 26 16.6 0.2 6 1 

2 June 1~:M -- Wells Closed 8 June 1943 -- Wells Open 

8.7 2.9c 33 9.2 9.4 3.1 2.1 l.O 32d 25d 39·9 1.1 9.5 

25.5 0.5 8.7 

(16) 

Net Heed 
at Levee 
Toe above 
Well Out-
lets 1 ft 

1.0 

0.5 

2.0 

2 . 9 

1.6 

2.2 

(17) (18) (19) (2?) 

Heads and Well Flows Adjusted 
for Well Losses 

Adjusted 
Net River 

Head 
on Wells 

ft 

4.6 

4.6 

6.6 

7 . 9 

5.9 

8.4 

8.2 

Ad justed 
Net Heed 
at Levee 
Toe above 
Well Out-
lets 1 ft 

O.Q 

,.,,4 

1.7 

2.7 

1.4 

1.1 

p 
H 
1.. 

20 

9 

26 

34 

22 

13 

~ 
H 

1m!!!. 

1.9 

1.9 

3.7 

2.3 

2 6 

4.8 

3.1 

Notes: (3) and (7) • River stage - ground elev. e . Average based on date from piezometers E-6-X end E-9-X 
b. Extrapolated on assumption of laminar flow through top stratum ( 4) end ( 9) • Piezometer reeding - ground elev. 

( 5) ·[ ( 4) : (3)) 100 
(6) • (2o8.7 - ground elev.) x (5) for Hlle 51 

(207.7- ground elev) x (5) f or Mlle 55 
( 8) • il2 X (4) 

(3) 
(lt')) ,. (8) - (9) 
(ll) • [ (10) ~ (8)] 100 
(12) .. [ (9) : (7)) 100 
(13) .. Average flow from wells indicated 1n (1). 
(14) ,. Friction end other well losses as computed from everege flows 1n (13) 
(15) • River stage- average veil outlet elevation for wells indicated 1n (1) 
( 16) • Piezometer reading - average well outlet elevation for veils in (1) 
(17) • (15) - (14) 
( 18) • ( 16) - ( 14) 
(1~) • [(18) ~ (17)) 100 
( 2()) • ( 13 ) ~ ( 17 ) 

c. Observed bead increased by 0.3 ft ss the substratum pressures 
probably had not reached equilibrium in the short time the 
wells were closed. 

d. Applicable for 8 June 1943. 



Table 4 

SUMMARY OF BE-ANALYSES OF 'l'RC1l'f.EBS WEfJ, SYSTEMS 

Method ot Anal.ysis for 

Site 

Mile 
51 

Mile 
55 

1943 
Obser

vations 

£ in 'f,a 
H 

1942 
Design 

8 

14 

Be-enelysis by 
Jervis Model Model 
Curves A-a-1 A-a-2 

9 18 14 

15 21 16 

a. en the basis of no vell or screen losses 

1943 
Obser

vations 

3-~ 2.6 

4.8~ 
3.1 

1942 
Design. 

2.4 

b. P/H determined from piezometer E-6-x (see table 3) 
c. Average flow :from wells 16-28 (see table 3) 
d. P/H determined from piezometer M-3-X (see 'tab1e 3) 
e. Average flow from well s 23-49 (see table 3) 
f. Average Qy/H and P/H for al 1 vell s in system (see table 3) 
g. Based on data tram Model A-a-2. 

Re-analysis by 
Jervis Model Model 
Curves A-a-l A-a-2 

5.0 4.2 

6.2 6.1 

Increase 
in Total 
Flow due 
to Wells 
in "g 

27 

Intercep
tion ot 
Total Under
seepage Flow 

by 
Wells iD t/,g 

80 

75 



APPENDIX A: WELL DD3CHAIGES FOR COMWCE WELL SYSTEM 

' Table Al 

WELL DISCHARGES - • APRIL 194 3 

Well Flow in Gallons l!r Minute 
Date 

Well 1 April 2 April 3 April 5 April 1 April 

9 No fiow No now 1.7 12.6 16.5 
10 No now 1.0 1.9 4.5 5·3 
11 No flow 4.4 1·5 15.4 17·7 
12 Bo flow 2.5 5·0 10.6 12.1 

13 No flow Q.4 3·2 11.4 13·7 
14 No now l..4 2.5 4.4 5·1 
15 No flow 2.3 5.4 13.2 15.2 
16 No flow 3·2 4.8 8.4 9.4 

17 No !low 7·8 11·7 20.0 21.1 
18 No flow No flow Trickle 2.4 3·1 
19 No flow 3·9 5.2 8.9 11-5 
20 No flow 5·6 7.1 10.7 11.9 

21 No flow 5·1 7·4 13.0 14.3 
22 No flow No flow Trickle 0.2 0.3 
23 No flow 1.0 1.5 3·4 4.1 
24 No flow 3·2 4.3 7·8 8.2 

25 No flow 6,0 9·5 16.9 19.0 
26 No flow Trickle 1.1 2.6 3·3 
27 No flow 4.2 5·5 8.4 9·5 
28 No flow 4.1 4.8 6.9 7·2 

29 Ho flow 6.1 8.0 12.6 13.9 
30 2 ·7 No flow Trickle Trickle Trickle 

31 Trickle 0.6 o.a 1.4 2.0 
32 5·4 8.4 10.3 14.6 15·5 

33 9.2 13·2 14.6 20.5 21.7 
34 0.7 2.3 3·0 4.5 5·1 
35 6.1 9.6 12.0 16.3 17·7 
36 6.4 9·9 11.8 17.1 17·9 

'5r 14.1 20.3 22.1 28.5 29.8 
38 1.2 2.1 2.4 3·1 3·3 
39 9.6 13·3 15.4 19.6 20.7 
40 8.2 10.8 1a.7 16.3 17.0 

(Continued on next page) 



A2. 



A3 

Table Al (cont) 

Flow in Gallons E!r Minute 
Date 

Well l April 2 April 3 AJ?!.il 5 April 7 AJJE11 

77 4.6 5.6 5·9 6.8 7·0 
78 No flow No flow No flow No flow Trickle 

River 
Gage 202.2 202.6 202.8 203.1 202.9 



A4 

Table A2 

WEJ'J. DISCHARGES -- JURI l9t.3 

Well Flow in Gallons per Minute 
l5ate and HOur 

6 June 7 June 8 June 8 June 9 June lO June 
Well 4:00 PM 4:30 PM 4:30AM 7:30 PM 10:30 AM 12:01 AM 

1 38.7 32.2 35.1 
2 34.4 28.5 28.4 
3 36.7 31.4 45.3 
4 36.0 29.3 36.0 

5 46.1 40.8 42.8 
6 29.0 23.0 33.4 
7 37.2 30.0 46.6 
8 35.1 27.9 36.0 

9 .. 0.9 31.6 37.5 
10 12.8 10.1 11.5 
ll 37.4 29.0 45.3 
12 27.2 19.7 30.0 

13 36.3 26.7 40.8 
14 13.3 10.9 13.5 
15 37-5 27.9 46.6 
16 21.4 24.4 21.4 

17 47.6 37-5 47.2 
18 11.4 8.4 10.0 
19 17.7 13.3 21.4 
20 23.1 18.5 13.3 

21 36.2 29.3 42.8 
22 1.0 
23 13.4 4.0 12.7 
24 19.2 16.5 19.2 

25 51.3 34.1 36.4 
26 6.9 5-5 3.2 
27 24.8 21.4 22.0 
28 16.5 14.0 17.1 

29 35.8 22.2 26.6 
30 0.9 

36.6 31 37.5 27.8 
32 30.7 25.6 24.4 

(continued on next page) 



A5 

Table A2 (cant) 

Date end Hour 
6 June 1 June 8 June 8 June 9 June 10 June 

Well 4:00 PM 4;30 PM 4:30AM 7:30 PM 10:30 AM 12:01 AM 

33 48.0 30.0 35.0 
34 9.3 1·1 8.6 
35 37.5 27.3 34.9 
36 38.4 35.7 38.4 

37 66.8 41.4 48.0 
38 7-7 6.1 6.5 
39 32.1 27.8 37.5 
40 26.1 30.7 31.4 

41 44.4 39.9 45.8 
42 
43 18.1 19.2 21.7 
44 19.2 17.1 19.3 

45 35.2 37.3 40.0 
46 8.4 1.0 7.4 
47 37.4 35.0 45.2 
48 22.0 19.2 21.6 

49 32.4 29.3 34.1 
50 3.8 3.2 3.4 
51 20.2 25.6 28.4 
52 26.0 23.9 35.0 

53 47.4 42.5 48.0 
54 10.1 9.0 8.5 
55 25.0 29.6 • 

30.1 
56 30.7 20.7 30.7 

57 31.6 27.9 32.4 
58 7.7 6.4 3.3 
59 23.4 20.7 29.0 
60 27.2 24.0 35.7 J 

61 49.6 46.2 54.0 
62 4.3 3.2 3.3 
63 4.4 4.2 ~.'.4 

64 37.2 36.4 30.4 

65 45.8 44.4 51.7 
66 3.3 2.6 3.1 
67 34.1 30.7 37.5 
68 29.0 20.7 29.6 

(continued on next page) 



A6 

Table A2 {cont) 

6 June 
Table A2 r c ont l 

7 June 8 June 8 June 9 June 10 June 
Well 4:00 PM 4;30 PM 4:30AM 7:30 PM 10:30 AM 12:01 AM 

69 14.1 19.2 13.3 
70 5.3 3.9 4.8 
71 42.3 37.5 38.4 
72 43.8 36.0 38.4 

' 13 54.0 52.2 55.8 
74 2.5 1.8 2.8 
75 31.5 27.9 32.0 
76 14.0 12.4 13.9 

77 11.6 11.0 u.o 
78 0.4 

Biver 
Ge.ge 205.7 205.5 205.2 204.8 204.6 203.5 

Notes: Discharges shown tor 6 June, 4:00 PM, were taken immediately 
after ell wells were opened. Piezometer readings shown on plate ll 
far 6 June 1943 made immediately prior to opening the wells. 

Discharges shown for 7 June, 4:30 PM, were taken after all wells 
had had a period of 24 hr for stabilization. 

Discharges shown for 8 June, 4:30AM, were taken on wells of 3(J{o 
penetration with all other wells closed. 

Discharges shown for 8 June, 7:30 FM, were taken on wells of 2(1/, 
penetration with 18 f't of screen; ell other wells closed. 

Discharges shown far 9 June, 10:30 AM, were taken on wells of 
2C/fo penetration with 36 ft of screen; ell other wells closed. 

Discharges shown tor 10 June, 12:01 AM, were taken on wells ot 
l~ penetration; all other wells closed. 



APPENDIX B: WELL DISCHAMES AT TROO:URS WELL SYsmfS 

Table Bl 

• . . . 
. 

WELL DISCHARGES -- JUNE 1943 -- TR~RS MI 51 

Well Eiows in Gallons per Minute 
Date na~e 

Well 8 June 9 June Well 8 June 9 June 

l 23.2 20.8 25 30.8 22.7 
2 13.6 12.5 26 37.5 31.1 
3 3.7 Trickle 27 18.5 17.1 
4 2.7 Trickle 28 17.2 15.7 

5 9.0 3.0 29 45.8 42.7 
6 17.7 12.8 30 15.4 11.8 
1 30.8 18.5 31 13.3 10.7 
8 28.1 21.4 32 30.7 20.8 

9 ~4.9 9.9 33 49.4 39-5 
I;O 12.8 8.5 34 4.9 4.5 
u 13.7 8.8 35 26.1 23.5 
12 2.2 Trickle 36 3-7 2.7 

13 11.0 5.3 37 Trickle Trickle 
14 2.1 Trickle 38 51.5 ,,.a 
15 22.0 9.1 39 26.0 23.4 
16 44.4 36.6 40 Trickle Trickle 

17 33.3 28.0 41 22.1 20.1 
18 29.8 22.1 42 3.4 2.1 
19 27.9 20.1 River 
20 42.3 34.8 Gage 191.4 191.0 

21 22.6 19.2 
22 26.5 23.6 
23 15.4 14.8 
24 41.0 34.8 

Notes: Wells remained closed until 8 June. F.l.ood crested 7 
June and a 24-hr period of stabilization vas al.lowed 
for the building of maxinnam head on the piezometers 
t;etore wells were opened. Piezometer readings for 8 
June made immediately prior to opening the wells. 



• 

B2 

Table B2 

Well F.Low in Gallons l!E Minutes 
Date 

Well 2 Jllne 3 June 4 JUne 5 June 6 June 1 June 8 June 

1 4.1 7.1 9.5 14.3 14.3 16.7 6.7 
2 Trickle 5·7 10.3 14.3 16.3 19.2 24.4 

'3 No flQw No flow No. flow Trickle 6.0 9.3 8.0 
4 No tlow No flow No · flow No flow No· now No flow No. now 

5 " " .. " " " " 
6 " " " " " " .. 
7 u tt It " It " " 
8 " u tt Trickle . 5.7 .·· 7.7 7.3 

9 4.8 11.4 16.3 19.0 22.8 25.6 21.9 
10 5.7 ll.4 14.3 19.0 22.8 24.0 24.0 
ll 11.4 19.0 22.0 24.5 26.8 29.0 24.8 
12 28.0 35.0 38.0 42.0 42.0 44.4 42.8 

13 14.3 19.0 22.8 15.0 14.5 15.0 15.5 
14 4.8 5·7 8.1 9.5 9.5 9.6 10.8 
15 11.4 19.0 22.8 19.0 19., 21.0 19.0 
16 10,4 14.3 16.3 17.8 18.4 21.3 19.2 

17 11.4 16.3 19.0 22.8 24.1 26.3 24.1 
18 4.1 5.2 6.3 6.7 7.1 7.9 7-7 
19 2.9 3.8 4.4 5.7 5-7 6.5 6.1 
20 3.6 5·7 7.1 8.8 9-5 11.0 10.2 

21 2.7 3.8 4.8 6.3 7.9 8.0 7.6 
22 No tlow Trkkle 4.8 7.9 8.8 10.2 9.6 
23 5.2 8.1 14.3 16.3 18.4 24.0 21.3 
24 5·7 9.5 16.3 19.0 20.4 25.2 24.4 

25 25.0 30.0 34.5 37.0 39.5 41.0 38.5 
26 17.0 21.0 23.0 25.0 26.5 28.0 26 7 
27 30.0 32.0 35.0 37.0 38.0 39.5 38.2 
28 35.0 38.0 41.0 44.0 46.0 47.0 46.0 

29 34.5 38.0 40.5 42.0 44.0 44.5 45.0 
30 41.0 43.5 46.0 48.0 49.5 50.5 48.0 
31 31.5 35.0 39.0 41.0 43.0 44.5 40.9 
32 26.0 29.0 31.0 38.0 40.5 42.0 38.7 

(continued on next page) 



B3 

Tab1 e !2 ( Contd) 

.. . . 

Well 2 J1.me 3 JUDe' 4 JUne 
Date 

5 June 6 June 1 June ~June 

33 33.0 34.0 40.0 42.5 43.5 46.0 45.0 
34 24.0 27.5 33 .. 0 34.0 36.0 38.5 38.3 
35 43.0 46.5 48.5 51.5 52.5 54.5 54.0 
36 37.0 41.5 45.0 46.5 48.0 48.5 48.7 

37 31.0 33.0 36.0 38., 40.0 41.5 36.7 
38 35.0 39.0 41.0 43.0 45.0 46.5 43.8 
39 33.5 37.0 40.0 41.0 42.5 44.0 41.4 
40 31.0 33.5 36.0 39.0 40.5 43.0 40.0 

41 28.0 31.0 35.0 37.0 39.0 41.0 45.3 
42 35.0 38.5 42.0 45.0 46., 47.0 46.0 
43 26.0 29.0 32.0 33.5 35.0 36.5 34.3 
44 27.5 29.5 32.0 34.0 36.0 37.5 35.3 

45 35.0 37.5 41.0 43.0 45.5 46.5 42.2 
46 34.0 36.0 39.0 40.5 42.0 42.5 39.9 
47 36.0 39.0 42.0 43.5 44.5 46.0 45.8 
48 34.0 37.0 39.0 40.5 43.0 45.0 41.2 

49 22.0 25.5 29.0 31.0 33.0 34.5 31.3 
50 32.0 34.0 36.0 38.0 39.5 41.0 37.4 
51 26.0 27.5 29.0 31.5 33.0 35.0 24.0 
52 32.0 35.5 36.5 36.5 39.0 40.5 38.2 

53 33.0 35.0 33.0 35.0 37.0 39.0 35.2 
54 23.0 25.5 25.0 27.5 30.0 31.5 25.3 
55 27.0 29.0 31.0 34.5 36.0 37.5 36.3 
56 34.0 39.0 42.0 43.5 45.0 47.0 43.0 

57 32.0 35.5 37.0 39.0 40.5 42.0 38.6 
58 26.0 27.0 27.5 29.0 31.0 32.0 27.2 
59 18.0 23.0 25.0 27.0 30.0 32.0 28.5 
60 24.0 27.0 30.0 31.5 33.0 34.0 33.1 

61 8.1 11.4 16.3 16.3 19.0 24.0 20.3 
62 15.0 16.0 18.0 19.5 21.0 24.0 22.5 
63 9.7 16.3 19.0 22.8 24.7 25.6 21.1 
64 14.3 16.3 19.0 22.8 28.5 29.5 23.1 

65 Trickle Trickle 1.5 1.8 2.2 3.7 3.3 
66 No flow No flow Trickle Trickle Trickle 3.1 3.0 
67 5.7 9.5 12.7 16.3 19.0 24.4 21.9 
68 No .n.ow Trickle 4.2 7.1 9-5 13.5 12.7 

(concluded on next page) 



Table B2 (Cont4) 

Well 2 June 3June 4 June 
Date 

5 June 6 June 1 June S June 

69 14.3 19.0 22.8 18.0 21.0 22.0 20.2 
10 No flow No flow 1.9 3.8 9.8 u.a 11.6 
71 19.0 22.8 20.0 21.0 23.5 26.5 25·5 
72 16.3 15.0 18.0 24.0 25.0 25·5 24.5 

73 19.0 21.0 24.0 28.5 30.0 3J..O 28.6 
74 9·5 13.0 15.0 17·5 19.0 21.0 20.0 
75 14.3 19.0 20.0 23·5 26.0 28.0 27 ·3 
76 14.3 19.0 14.5 20.0 22.0 23.5 23.0 

77 lfo flow Triclde 2.3 ~.8 6.7 u.o 14.0 
78 No flow No flow No flow Trickle Trickle 8.1 8.5 
79 Bo flow No flow No flow No flov No now No now No nov 
80 No flow No now No flow No flow lio nov Trickle 4.0 

81 llo flow No flow No flow No flow No flow No flow No :tlov 

River 
Gase 188.2 188.8 189.4 189.8 190.0 190.1 189.8 

Notes : Wells were le:rt closed unt 11 the morning of 1 June 194 3 when they 
were o:pened to help control the eeepase in the corn and cotton 
fields along the line of wlle • Readings were begun on the morning 
of 2 June 1943· Piezometer readinSs for 1 June 1943 made 1nmedi
a.tely prior to opening the wells • 

• 




