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4 STUDY OF "7ELL POINTS AND GROUND-ATER CONDITIONS AT THE
MARKED TREE SIPHONS,

Ground-watcr elovntion during floods on rivers is built up by percolation
and seepage only. There can be no direct flow into the underground reservoir
from the rising water under any condition because of clogging of the filter.
The experiment that made possible the above deductions vms conducted by the
Memphis Engineer District during the winter and spring of 1939 at the Marked
Trec Siphons. It related primarily to the determination of hydrostatic up-
1ift but also touched upon the effeect of well points in lowering ground water
end the effcet of sheet piling walls on the hydrostatic head within the on-
closure formed by the shcet piling.

To give the reader a clearer picture of just what was done, it might be
woll to elaborate to somc extent on the history of the project that made the
experiment possible. In the year 1923, as a mcthod of flood control, local
intercsts deeided to divert the flood flow of the St. Francis River from the
main channel to a constructed floodway some two miles in width just wost of
Marked Trece, Ark, IHowever, the St. Francis at this point is a navigable
streom, and so to comply with legal statutes it wons necessary to pass the
low-water flow across the levee and into the 0ld channel. To accomplish this
a lock and a sluicewny were built by the local interests where the new levee
crosscd the original channcl. Difficultics in maintaining the sluiceway,
which was a floating structure, were encountered shortly after its construc-
tion and, during the 1938 high water, failure occurred.

By Congressional action, the Memp»is District was authorizcd to replacc
the destroyzd sluicewny. Studies wore inaugurated with o view to determining
a safor and more suitable structure for poassing the water. After considerablc
origiral research and preliminary design, it was decided that a siphon or
battery of slphons would be thc loast cxpensive and, in viow of the poor foun-
dation conditions, the safest type.

Thile it is generally rocognized that the siphon is onc of the oldest of
engincering structures, yet, strangely onough, practically no data as to its
hydraulic characteristics can be found, Marny and varied were the problems
that faeccd the designing section, but a discussion of thesc is beyond the
scope of this paper. The final approved design called for an excavated inlet
chonnel, a reinforced conecrete inlet basin, 3% clectrically welded stecl tubes,
9 fcet in diameter and 228 feet in longth, a reinforced conercte outlet basin
and an oxeavated outlet channel. (Ssc Fig. 1.)

The'oonstruction of the inlet-outlet basins was let to the List & Weatherly
Construction Co., while the fabrication and installation of the 9-foot stcel
tubes were done by the Memphis Engineer Distriet. Tiork beogan Dec. 1, 19386,
and the siphon was officially put into operation and turned over to the Drain-
age District on June 7, 193%9.

7ith that very skotchy history of the project in mind, we may now turn our
attention to a discussion of the experiment itself. The object of this ex-
periment as has becen stated was, in realiby, three-fold.



PRIMARILY, we hoped to determinc what uplift pressure under the outlet
basin would be built up by ary given raise in the lake level;

SECONDLY, %o ascertain the effect of a well-point system in lowering the
ground waber level; and

FINALLY, to dotermine the influence of a sheet piling wall on the hydro-
static head within the enclosure.

To gather the ncceessary data unconnected well points were driven along
8 general line extending from the inlet basin to the lower end of the outlet
basin. These pipes were placed at varying intervals and all driven well into
the water~bearing strata. (See Fig. 2.) The clovations of the tops of the
pipes were determined by a careful linc of levels, and with these known it
wos o simple matter, with the use of a calibrated chain, to calculate the
clevation of the water standing in the pipes.

Initially, readings worc taken cvery hour. /Ls conditions became rela-
tively stoble, the periods between readings were lengthencd to eignt hours
and then to twenty-four. If at any time, howcver, due to the contractor
chonging his system of pumping, o variation in the ground-vatoer level was
likely to take place, our schedule of rcadings was altered to mect the situo-
tion.

It was belicved the placing of 25 test points, as shown in Fig. 2, would
cover all critical areas in the layout and give us ample data. As construc-
tion procceded, extremc difficulty was expericnced in maintaining the original
number of points, and in many cases they were lost entirely. Nevertheless, o
sufficicnt number woas rotained throughout the experiment to give adequate and
reasonably correct rosults, and it is believed that the subsequent deducticns
made are based on sound experimental data.

In this paper cach of the three objectives of the experiment will be
trecatsd separately. ‘hile such proccdure may necessitate some repetition, in
all probability it will minimize confusion in the reader's mind.

A. Iydrostatic Uplift. - In the original design, it was assumed that the
hydrostatic uplift under the outlet basin would be equal to tho differcntial
in elevation between the upper and lower poolsy or in effect saying that the
hydrostatic head of the genoral grecund water would be equal to the elevation
of water standing against the levce, A study of hydrology indicated that the
moximum differential on reccord that coxisted between the two pools was 12 feot
during the yoars the slulceway was in oporation. Accordingly, the outlet
basin was designed for a hydrostatic uplift equivalont to 12 fcet of water.
Since the inlet basin is under water during all operating conditions, there
can be no uplift uwnder it and there neced be no discussion as to its design.
“hile we made our design for a 12-foot uplift, we realized that this was bacecl
lergely on assumption and followed sbtandard practice with little regard to its
oxact correctness. Accordingly, to cbtain sufficicnt data for more precise
design in the future wes the primary object of these investigations. With the
points as shown in Fig. 2, and following a schedulce of readings as outlined
above, a considereble quantity of data was gathered relative to the uplift




under the basins. It must be remembercd that during a portion of this time
the contractor was using a well-pcint system to dry the site. Naturally, this
had a material effect on our readings, and thc actual relation existing be-
tween the river stage and hydrostatic head could not be properly determined
until such time as his operations ceased. They continucd from December until™.
middle April and considerablo data teken during this period must be viewed in
the light of that condition. On April 28, he pulled oll the points and, for
practical purposes, ceased all but minor pumping oporations. Consequently,
such data as were obtained after that date can be considored as unaffected by
outside influence.

B. Rcsults. = The following table shows the relation of the upper and
lower river channel gages and two critical well points nurmbered "O" and "B" in
Fig. 2. DNaturally, all the readings taken arc not tabulated, as their inclu-
sion would be of little value. Instead, the writer has tabulated only the
maximum and minimum readings noted during any period of sustained rise or fall
in river elevation. The roader must bear in mind that the experiment covered
the so=-called "flood season" and therc were several substantial rises and
falls in the river., These were naturally reflected in the well-point readings,
and so a tabulation of maxinmum and minimum readings for both river stages and
well points gives an ideal comparison without the necessity of ineluding nu-
merous unimportant readings.

TABLE I.
T : Uppor : Outlot : Toll Points
Date : River : Channel s s
: Gago @ Gage t 0 : B
1038
Dcc. 9 212.1 - 202.5 -
1939
Jan. 27 212.95 - 202.5
31 213%.2 - 207.5
Feb., 3 21L.L - 206.8
7 216.5 205.8 2113
15 219.2 203.0 213.5
Yar. 1 218,6 205,6 211.7
I, 218,6 205.1 209.9
9 218.8 205.0 209,44 188.3
17 219.9 2002 209.9 18,8
31 217.8 201.5 207.%
Apr. L 216.9 201.5 211.6
9 216.5 20%.5 208.5
12 216.7 202.5 205.9 190.3
30  219.1 201.9 211.2 20),.8
ay 8 217.8 201.54 209.8 2015
18  215.8 201.1 209,5 20L.6
21 215.5 201.5 208.1 20l. 6
31 215.6 202.5 208.1 20115
June 5 214.9 - 208.0 20L.5




Fig. 3 shows graphically the plotted rosults tabulated above, and force-
fully points out the total lack of onc hundred per cent uplift under the oub-
lct basin., With a maximum differcntial between the upper and lower pools of
17.2 fock, the hydrostatic uplift on the discharge basin was only equal to 2.9
feot while the maximum observed uplift was only 3.5 feet with a head of 14.7
feot. Indeed, oven under the inlet basin, which is in the river itself, the
hydrostatic head after all pumping ceased wos some six to seven feet lower
than the river stage = and this, directly under the river. The reader may
question the high differential obtained in view of our previous statement that
the maximum on record was only 12 feet. IHowever, it must be remembered that
during construction therc was no flow into the lower channcl from the St.
Francis itself, and consequently we find very low stages there in comparison
to the high stages in the upper pool. Another point worthy of mention is the
similarity of pattorn followed by all the curves. You will notice that points
of maxima and minima readings for both river stages and well points occur very
nearly simultancously. If anything, therc is a slight tendency for the well
points, that is the hydrostatic uplift, or, in other words, the hydrostatic
head of the general ground water, to lag somewhat the river stoge.

Fig. i shows a profile of all well-point readings taken simultancously
and illustrates how the ground-water level slopos from the upper pool or inlet
basin to the outlet basin. Notice here, too, that the moximum stage 1s con-
siderably below the river stage. Fig. li roflccts condition when all the con-
tractor's well points had becn shut dovm for over thirty days end should recp-
resent the true relationship betweon the river stuge and the ground-water
level,

Still another condition nct reflected in any tabulation or plotted graphs
is onc that must be substantiated from the writer'!s actual obsorvation. Dur-
ing the course of the experiment, it was noticed that in the outlet basin
water was flowing from the well points and cquelizing pipes built into the
basin, This would serve to demonstratec that the actual ground-wotor level
lags the hydrostatic heoad of tho ground water.

Ce Conclusions. - Althcough the majority of our readings were taken prior
to the shutting dovm of the contractor!s punping systom, the writer belicves
such rcadings as we do have after LApril 28 are ample to satisfactorily demon-
strate that the outlet basin was net subjcct to uplift pressures of the mag-
nitude basically assumed.

An examinaticn of the data gathered during the last 20 days of the ex-
periment when all pumping had ceoased and sc outside influence was eliminated
shows that the gencral ground-water elovation was some cleven feet less than
thoe upper lake clevation; whercas, the differential in pool léwel was thir-
teen feet., Further examination of Fig. 3 shows that the curves of lake eleva-
tion and ground-water elevation closcly parallel each other as to rise and -
fall and indicates conclusively that the rise and fall of the ground-water
level is a function of the risc and fall of the river. Iowever, the ground-
water level not only lags the movemeont as indicated by the discharge of the
well points, but also thore is a material difference in height obtained. This
apparent new conception is not difficult of analysis. If the river bottoms
werc always composed of a permeable sand and gravel, thore would be a dircct
flow to the ground water with the result that the full hydrostatic head of the
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river would be transmitted to it., In times of flood, the river carries large
quantities of silt and impervious material. The matorial is deposited on the
bottom and tends to clog the filter bed and make it relatively impermeable.

In this case the ground water is not fed by a direet supply, but rcceives its
supply by porcolation through the upper layer to the water-bearing strata.

The porcolation results in a groat loss of head with the result that tho eotual
river stoge is mever reproduced in the ground-water elevation and consequently
the hydrostatic uplift is not the differential between the two pools, bub sore
much lesser figure. 1In brief sumrary, our final conclusions on this phase of
the experiment nre:

1. Rise and fall of the ground-water level is a function
of the rise and fall of the river,

2. The grouwnd-water level lags and never equals the level
of the upper pool,

3. The ground-water level is built up by percolation and
goepage during periods of flcod.

li. There can be no direct flow to the underground reservoir
during pericds of high water.

D. Effect of well points in lowering ground wonter. - It was originally
anticipated that consideorable data mipght bc obtained showing the quantity of
waber actually pumped out by the well-point system. However, it was not fca-
siblec to gather such data in quantity, and all that this writer can do is
briefly oxplain the contractor!'s well-point system and, by means of plotting.
show the ground-wator level that oxisted at the same river stage, both during
pumping and again several weeks after all operations ceascd. Since work was
almost finished on the inlet basin whon this experimont began, we will ignore
the contractorts plan ¢f operation therec and study only the construction of
the outlet basin.

The clevation of the bottom of this basin was to be 187, with a 2<foot
blanket of gravel, making the extreme low clevation 185, Natural ground
water wos considerably above this level, and for the contractor to work in
the dry, it was necessary for him to install a rather claborate system of well
points and pumps. As you sce from Fig. 1, around the basin and down tc eleva-
tion 165 wns to bo driven a rectangular steel sheet pile wall, The controctor
originally contemplated using 150 1-L/hrinch well points outside the sheet
priling and 30 inside, all working off thrcc 6-inch pumps. On March 1, he be
gan pumping with 111 well points around the outside, working off thrcc 6-in,
punps. With this layout, the heador pumps wore at elevation 205, and the
points approximately 180. Threoe days later he installed I8 points inside the
basin, working off one 6-inch pipe. These points were driven to elevation
17%. After pumping some 12 hours, it was possible to shut dovm one pump in
tho exterior systam, and no change vms nceded until the excavation reached
elevation 185. At this point the installed system was not capable of further
lowering the watcr, The conBractor then completoly revised his interior sys-
tom, andded additional points (see Fig. 5). 7ith this layout he was able to
satisfactorily do the construction work in the basin with little trouble. In
surmary, his final systom was as follows:



" Exterior System - 111 points on 2 1/2-foot centers fown to clevation
180, working off three 6-inch pumps.

Interior System -~ 100 points on 2 1/2-foot centers down to elevation
177, working off threec 6-inch pumps.

Results.

The graphs, Fig. 5, show the rosults of these systems in lowering the
ground water. Any attompt to discuss the morits of the installations must be
overlooked, bocause we have no data which will substantiate any deductions.
Only this do we know from observation - that in every case the contractor
achieved better results by driving his points deep. That is, a well point at
elovation 173 discharged 507 more wator than did one at elovation 180 with
both points working under the somo vacuum. This would indicate that the most
economical results can be obtained by driving the points well into the water-
bearing strata, thus taking advantage of the froer access of water to the
point ord the full hydrostatic head available, thereby, in effect, decrecasing
the 1ift of the pump.

As wos expected, tho shapc of the ground-water curves during pumping was
conical., The rathor surprising thing was the comparative longth of path af-
fectod by the well points. Fig., 6 illustrates e:splendid example of this. It
shows the ground-water curves for the samc river stage when pumping was going
on and agein when practically all pumping hod bean shut down for ten days.
The comparison of these two cwrves shows o loworing of the level from 20 feeb
ot the points to 3 fect at 186 feet out. This lowering was accomplished witl
the final pumping systom as mentioned above.

Although not direetly related to the experiment, the readerts attention
is invited to this fact. During construction, the bottom of the discharge

basin was 35 fect below the level of the water against the levees only 112
fect away.

E. Effect of the sheet piling on the ground-water level, - During actual
construction of the outlet basin no satisfactory data could be determined as
to the reclative offect of the sheet piling on the ground-water elewvation; for
during this period, the elovations of the well points in the interior and ex-
terior systems were quite different, the exterior having been jetted to 160,
ond the intorior to 173. MNaturally, under such o setup the interior dasin
alwoys showed a lower wator level than inmediately outside. However, with the
completion of the pumping, we werc oblec to detormine sore rather intercsting
data. Threc points, No. 11, just cutside the shcet pile, Yo. B, inside the
basin, and No. 18, on the downstream side of the basin, were used.

The observations covered a pericd of fordty days, and a sample of the
recadings is tabulated below:



Date : Point 11 : Point B : Point 18

Apr. 28 : 208.3 : 205.9 : 206.9
29 : 205.9 : 20l.9 : 206.9
30 : 205.8 : 20,.8 : 206.7
May 1 : 205.9 : 20/1.9 : 206.8
8 : 207.3 : 20115 : 20115
13 : 205.7 : 20L.8 : 20l Ly
17 : 207.h4 ¢ 20,6 : 205.6
21 : 207.3 : 20h.6 : 205.5
31 : 207.2 : 20115 : 205.6
Jue 7 t 208.2 : 20115 : 205.6

Botween the dates of April 28 and Mey 13, some pumping took place, prob-
ably sufficient to disturb to a cortain degrce the above readings. After
May 13, all operations ceased, and we see the cbservations becamo rclatively
stationary. Figs. L and 6 illustrate graphically the relation existing, and
even o casual gleance at this will show the dofinibte drop in the hydrostatic
head inside the basin and the apparcent rosunption of the original water-line
profile immecdiately below the shoet pile.

Conclusions.

From these data the logical conclusion is that the sheet piling acts as
a cutoff and reduces the hydrostatic head, in this case about 2.5 foet, Such
o reduction in head can only be caused by o loss due to friction. In other
words, the length of path of the growmd watcr undor the oubtlet basin has been
incrensed by the length of the sheoct piling. Under ordinary circumstances,
such an increcase would have no effect, because, with no flow, the wmbter would
build up to its static hoad in spite of the extra resistence entailed by the
shecet piling, In this oase, however, pressurc relief wells were left in the
outlet basin and, as a result, the water constently flows up along the sheet
piling and out the wells. This flowing water must overcome the additional
friction, and in so doinng loses a portion of itg head, thus making the hydro-
sbatic uplift within the basin somevwhat less than that imnediately adjacent
to the exterior. It would seem from this, then, that sheet piling walls nay
be expected to cause a lowering of the uplift, providing some suitable relie?
wells are left within the enclosure. With no such device, the shect piling
will have 1little, if any, offect on the ground water.

The above conclusions are substantiated in a large measure by obscrva-
tions taken within the inlet basin. The rcadings there show no definite drop
inside tho sheet piling. Rather, the typical curve shows a gradual decrecase
until the outlet basin is roached (see Figs. l} and 6). It must be rememboered
that in the inlet basin there are no relief wells, and so from the above de-
ductions we would expect to find no sharp reduction of uplift or hydrostatic
head.

Summazz.

In gumnarizing this paper, I should like to omphasizc again that while
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o considerable portion of the date gathered could not be used, nevertheless,

o sufficient quantity wos available to warrant the deductions made. Further-
more, no attempt was made to sort out the data and use only that which readily
bore out the conclusions. Rather, all data used are typiecal,

The conclusions drawn from the oxperiment in sumary are:

1. The uplift under the outlet basin wns considerably less than
that designed for. In no case did it approach the magnitude of differential
between the uppor end lower pools. The reasons for this are:

a. During poriods of high water tho filter bed of the river
tends to beeome clogged by deposits of mud and silt. Consoquently, there is
no direct feeding of tho ground water from the river. Rather, it receives its
supply by percolation and seepage with resulting large losses in head; and so
the river stage is never reproduced in the grcund-woter clevation.

b. Sheet piling in outlet basin gave minor reduction in uplift.

2. Pumping from a well-point systom tends to lower the groumd-water
lovel in a somewhat conical curve. The maximum lowering occurs at the points
and drops off sharply within 50 feet, though the offeet is felt for some dis-
tance beyond the line of points.

3. Sheet piling tends to reduce hydrostatic uplift to some extent
only when pressure rclief wells are incorporated in the structure, thus per-
mitting a flow of ground water up and along the piling and preventing the
building up of hydrostatiec head.
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