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Seotion K« GROUND WATER MOVEMENT AND SEEPAGE 161

No. K-5 OPENING DISCUSSION
Joel D. Justin, Consulting Engineer, Philadelphia, Pennsylvania

Practically all attempts to estimate ground water movement and seepage are based on the experi
mentally determined formula of Daroy. Among teohnioians and engineers interested in soil meohanios, 
there appears to be very little uniformity in the ohoioe of units for use in this formula. Thus, some 
state the value of "K" In feet per year, others in terms of feet per minute, and still others in terms 
of oentimeters per second times ten to the minus four .power. After an engineer becomes familiar with 
a certain syctem of units he associates the value of "K" with the size and grading of the material and 
is able to visualize roughly what a certain value of nK" means. It would therefore be very desirable 
if one set of units could be agreed on and always used.

There is no satisfactory substitute for a large number of percolation tests on any material in 
whioh we are interested. However it is sometimes desirable to make approximate estimates of probable 
seepage for a material when percolation tests are not available. Henoe various engineers have plotted 
known values of "K" against the 10/2, 20?? and 5°^ effeotive size of the material. Such curves or the 
resulting formulas are then used to obtain the value of "K" for a material on whioh percolation tests 
are not available. Although not entirely satisfaotory, the method will, for a given olass of materials 
above the clay size, give results usually within 2 or 300?°} which, by the way is not such a wide mar
gin in this kind of work.

In most practical cases the foundation materials are so far from homogeneous, that the application 
of any formula is often difficult. Model studies, flow nets and eleotrioal analogy methods suoh as 
those described by C. G. J. Vreedenburgh (Page 219, Vol I, Proceedings of this Conference) are all very 
helpful.

Some satisfactory method of determining the actual velooity of ground water or the value of "K" 
for the material in plaoe, would be of very great value to the engineer charged with the responsibility 
for the investigation design and oonstruction of earth dams. Slichter developed an eleotrical method 
for determining the velooity of ground water but the length of time required for a single determina
tion is often very considerable and the method is not fully applicable to the investigation of the per
meability of dam foundations. With extremely pervious materials ground water velocities at known 
slopes have been obtained by the use of urinine or other chemicals having a high coloring power. At 
an upstream perforated pipe, a oonoentrated solution of the ooloring matter is introduced and the time 
interval required for it to appear in a similar downstream perforated pipe is determined.

In a paper on page 225, Vol I, Prooeedings of this Conferenoe, entitled "Seepage under an Earth 
Dam", presented by the Publio Works Laboratories of Paris, there is described a method of determining 
the value of "K" for materials in plaoe whioh seems to have very promising possibilities. Under this 
scheme, a pointed pipe with holes near the bottom is driven into the material. Water is then pumped 
into the pipe at oonstant pressure, and the "K" for the material in the vioinity of the holes at the 
bottom of the pipe is determined by the quantity of water taken per unit of time at constant pressure. 
There is not enough information given in the paper as published in the Proceedings to permit one to 
apply the formulas as stated. There are also other faotor6 not represented in the formula suoh as the 
elevation of ground water in relation to the elevation of the pipe perforations, whioh would certainly 
influenoe the results obtained. Some American engineers have also experimented with a somewhat similar 
scheme. It would seem that it should be entirely feasible to develope a device and proceedure along 
the lines here described and determine the oonstants of the device by first using it in synthetio 
materials having a known value of "K". It might then be used to determine values of 'Kn for entire 
foundation oross seotions.

It is well known that the presence of sand seams in an unoonsolidated plastio foundation will 
sometimes permit the drainage of the foundation material as the load on it is inoreased with the 
plaoing of the dam, so that when the dam is oompleted the foundation has consolidated sufficiently to 
safely carry the load of the oompleted struoture. The vertical drainage which takes plaoe in the 
prooess of oonsolidation of the cores of semi-hydraulio fill dams as evidenced by boils or orater3 has 

also been noted.
In a paper by 0. J. Porter, page 229, Vol I, Prooeedings of this Conferenoe, there is a descrip

tion of the suooessful use of vertioal sand drains to permit the water to seep out of unconsolidated 
plastio foundations under load and thus accelerate its oonsolidation. As far as the speaker knows this 
method has not been applied to plastio dam foundations but it would seem that it might sometimes be 
desirable for suoh earth dam foundations and might be more eoonomioal than the plaoing of the addi
tional embankment that would otherwise be neoessary to secure a safe degree of stability.

No. K-6 DISCUSSION
William P. Creager, Hydraulio Engineer, Buffalo, New York

I intended my disoussion to be apropos of Mr. Justin’s leoture in whioh I understood he was to 
take up the matter of piping. However, although he did not disouss that particular feature of soil 
mechanios, I will take a moment to desoribe to you a very remarkable oase of piping on a dam whioh I 

constructed in Northern New York State*
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This particular oaso of piping oocurred around the dam and emerged on the hillside adjacent to 
the dam. As in oases of similar piping, a small triokle appeared from a small hole in the side of the 
hill. This hole gradually beoame larger in the form of a nearly horizontal oone with apex pointed up
stream, the top and sides of the hole oaving in periodioally and being -washed out by the flowing water. 
The hole finally grew to the uncomfortable size of 6 ft in diameter and extended baok into the bank 
towards the reservoir an unknown distanoe. It did not seem possible to take any remedial measures and 
we oould only stand by idly and wonder how long it would take before the hole extended itself to the 
reservoir with inevitable destruction of the dam*

However, before this happened the sides and top of the hole oaved in, the hole was plugged and 
seepage distributed itself uniformly out of the bank. No further evidence of oonoentrated flow in the 
form of piping ooourred, although, during the subsequent ten years of operation of the dam, there has 
been some seepage out of the hill at that plaoe. The seepage is perfectly clear, it is gradually re
ducing, and consequently no danger is feared.

My sole purpose in bringing this matter to your attention is seriously to suggest that, if you 
should enoounter piping of this eharaoter in the future, the use of dynamite placed on the surfaoe of 
the hill to oause vibrations sufficient to oave in the piping hole would very probably prove quite ef
ficient in preventing the growth of the hole towards the reservoir.

No. K-7 DISCUSSION
A PRACTICAL APPLICATION OF THE FLOW NET METHOD OF ANALYSIS TO THE DESIGN OF COFFERDAMS 

Donald M. Burmiater, Instructor in Civil Engineering 
J. 0. Osterberg, Graduate Student in Civil Engineering 

Columbia University, New York City

Some of the most interesting problems in Soil Meohanios deal with the investigation of seepage 
through soils. The information obtained from these investigations can often be put to a very practi-

Fig. 2 The Seepage Flume Fig. 3 Th0 Manometer Bank

Fig. Lf. Test Set-up Showing Effect of Length of Embankment on the Flow Net
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Double row sheet pile cofferdam with embankment.

River . IUver.

F i g .  / .  T y p i c a l  C o f f e r c / o m  S e c t i o n .

oal use. For example, this information oan be 
translated direotly into terms of material sav'- 
ings in the oonstruotion costs of temporary 
structures, suoh as oofferdams, whioh are inci
dental to the oonstruotion of a permanent struo
ture. The cofferdam problem was suggested as a 
thesis subjeot by Spenoer, White and Prentis, 
Foundation Engineers, New York City, to Mr. M. N. 
Sinaoori, Graduate Student in Civil Engineering, 
Columbia University, in the Spring of 1935* The 
present study, completed in May, 1936, was under
taken in order to provide a general soientifio 
approaoh for the study and solution of suoh prob
lems.

The oofferdam problem involves the study of 
the econamio balanoe between the oost of driving 
sheeting, cost of earth fill or embankment, and 
the oost of continuous pumpage, whioh will make 
the total construotion oost a minimum. Further
more, it is essential to know rather accurately 
the required installed oapacity of pumping plant 
to meet all conditions of water elevation and at 
the same time operate most economically and ef
ficiently. Where complete out-off is not econ
omically possible, the seepage may be reduced in 
two ways.

1. By a deeper out-off
2. By constructing an earth embankment against 

the inside of the oofferdam as illustrated in
Fig. 1, where suffioient space is available.

The effeot of variation of these faotors 
upon the quantity of seepage was studied with the 
purpose in view of obtaining design faotors of 
praotioal value. The study was made in the glass 
faoed flume shown in Fig. 2. The flow pioture 
was traced out for the various oonditions by using 
a floresoene dye. The potential field was ob
tained by means of the bank of water manometers 
shown in Fig. 3.

For the type of oofferdam, which has been 
used on the Mississippi River, it was found that 
the seoond or interior row of sheeting had very 
little influenoe in decreasing seepage. It oould, 
therefore, often be dispensed with, when the 
stability of the struoture was not involved, and 
a considerable saving realized. The oofferdam 
then consists of a single row of sheeting with 
anchor piles, and an earth embankment placed 
against it on the inside with a slope of about 1 
on 2. The length of the embankment is then 
fixed by the height of the oofferdam, the top 
width, and the slope, provided that sufficient 
spacc is available within the cofferdam area.

A number of flow pictures are illustrated in 
Fig. ]+, whioh bring out the effeot of variation 
of oonditions of flow.

From borings taken at a given site, it is 
always possible to define an impervious or rela
tively impervious strata at some depth - D, whioh, 
for all practical purposes then becomes the bottom 
limit of the study. This corresponds to the bot
tom of the flume in the model. For seepage flow 
the conditions in the model are geometrically 
similar to those in nature, with the exooption of 
the effeot of capillary phenomena, which appear, 
in general, to be quite small for this problem.

The flow net method of analysis, whioh was 
developed by Forohheimer, Terzaghi, Sohaffernak, 
Casagrande and others was used in this study.
The quantity of seepage per foot length of coffer
dam oan then be expressed by the following

Relatively impervious layer. _____

Depth of Cut-off Ratio- d/D - Height of opening.
Depth to impervious layer.

Length of Dnbankment Ratio- L/D - Length of embankment.
Depth to impervious layec

Figure 5. Geometrical Properties of the Cofferdam Section.
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Figure 8. Economic Study for Cofferdams.
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equations Q = C.K*.h whore C is a Dimensionless Seepage Coefficient depending on the geometrical 
properties of the oofferdam seotion.

K* is the average coefficient of permeability 
h is the head causing seepage flow.

In order to make the analysis perfeotly general, the geometrical properties of the cofferdam seo
tion, which influence the quantity of seepage, are expressed in terms of certain dimensionless ratios, 
as indicated in Fig. 5.

The results of this study are summarized and presented in the Curves of Fig. 6 . It is hoped that 
these ourves will prove to be of considerable value for design purposes. The curve for l/D = 0 ie si
milar to that obtained analytically by Forohheimer.

The evaluation of the influence of stratification was found to be essential to the correct analysis 
because natural deposits are always stratified. The anisotropio stratified soil may be replaced, ac
cording to the methods of Samsioe, Dachler, and others, by a theoretical homogeneous isotropic 
soil having a theoretical average coefficient of permeability gt - / ̂ horiz 71 gyprl and the

horizontal soale reduoed by a distortion faotor f = '

These curves are general in their application because they were reduoed to the theoretical oondi
tion of a homogeneous isotropic soil. Their correot use thus require:

1. The determination of coefficient of permeability K* or a reasonable estimate of .
2. The determination of the horizontal scale distortion faotor f or a reasonable estimate—  

usually from to

The following example given in Table I illustrates the application to a praotical problem. The 
seotion of the oofferdam is shown in Fig. 7 .

T A B L E  I

determined by test =• 0 .0 7 ft/min. 

f assumed to be equal to / 2 =■ l.l!.ll+

K* -- 0 .0 7 x l.lOlt = 0 . 10  ft/min.

Ratio d/D = 16 / 38  - 0.1,2

8*1. L-/D ■ g  = 1.21

Interpolated ooeffioient of Seepage from Fig. 7 = 0.33

H « Elev. 61+5.5 —  Elev. 6 25 = 20.5 feet

Quantity of seepage per foot length of cofferdam —  Equation 1.

Q = C.K'.h

= O. 3 3 x 0.10 x 20.5 = 0 .6 78 cu ft/min per foot of cofferdam or 
5 .0 5 gallons per minute.

Cofferdam length in the River 1780 ft

Cofferdam length abutting the shore 1060
Seepage factor assumed one half - - - - -  550

Cofferdam Length 2310 ft

Total Estimated Quantity of water to be pumped equals 

5.05 G.P.M. x 2310 = 11,700 G.P.M.

Actual pumpage for the same condition - 12,000 G.p.M.

To oomplete the economic study use is made of the simple graphical method of analysis of Fig. 8 
which defines a range of minimum cost. The pumping plant oan then be selected on a rational basis for 
the most economical and efficient operation under the conditions of low and high water at the given 
site.
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No. K- 8  DISCUSSION OF PAPER K-3 (By Letter)
DIRECT MEASUREMENT OF THE PERMEABILITY OF THE GROUND 

J. P. Daxelhofer. Centre d’Etudes et de Recherohes Geotechniques, Pari6

The method outlined in this paper presents a certain theoretical interest in regard to the pos
sible utilization of the results of experimental injeotions of water in borings. However, the authors 
do not appear to have a sufficient practical experience in the work of boring and analogous experiments 
to apply theoretioal deductions in practice.

The prinoipal objection to be raised is as follows: The quantity of water introduced in the boring
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in a given time is known and also the pressure of injeotion; but it is impossible to know exactly in 
what section the water is injeoted in the soil. Actually, the water tends to rise the whole length of 
the tube in a zone where the earth is disturbed through the introduction of the tube; this zone oan be 
very muoh reduoed but is always present. We, therefore, argue that the large variance of the results 
obtained from several borings (and from different points in the same boring) oannot be interpreted aB 
a deoisive sign in the method used. The great variability justifies our point of view, i.e., it is 
explained by the slow rising of the water up the tubes and penetration into the various soils surrounding 
them.

In support of this opinion, we oan quote numerous experiments on permeability executed in regard to 
alluvial soils, and especially the difficulty of injecting the chemical substances or liquid cement in 
the alluvial soil.6 of which the permeability varios with the depth. One notices in particular that, 
even if all precautions are taken to prevent a rising of the oement up the length of the tube, the ce
ment tends always to penetrate into the most permeable zones.

In our opinion, one would be more certain of the results given by this method if the soil traversed 
in the oourse of the tube's descent is impermeabilized. The great absorption noted— attributed to the 
proximity of a preferential passage— can also be explained in another manner. Another difficulty is 
that there is always a danger of sand grains or fine particles entering into the tube and thus blocking 
the passage of water. Such inoorrveniences can be avoided by pumping water continually into the tube, 
which prevents the isolation of the tested zones.

The failure of this method, according to the experiments on the samples taken from the soil in 
question, lies in the fact that the value of the coefficient K in the direction of the flow of water 
cannot be calculated, but only an average coefficient of permeability of unknown direction can be ob
tained. The results obtained ( 15 0  lit/min) and the theoretical calculations ( 6 0 lit/min) do not ap
pear to us as sufficiently in agreement to "constitute a favourable opinion in favour of thi6 method" 
for, in this oase, the theory gives results which are too low, but it is preferable to an approximate 
method which gives results higher than in reality.

An experiment to determine the permeability in the borings by direct measurement has been made in 
a manner which appears to us more interesting. This was performed for the Geniseiat Dam by pumping 
water out from a tube open at the foot and redistributing the water into a neighbouring tube placed in 
similar conditions, the two tubes being symmetrical around a theoretioal vertical axis. Mr. Henry, 
Ingenieur en Chef a la Compagnie du Rhone, has also established simple mathematical formulas based on 
the theory of potentials which enables the determination, as a result of experiments, of an average 
permeability coefficient. In this way, symmetry exists between two souroes plaoed in similar conditions, 
but in the oase under discussion the second souroe is non-existent and symmetry is only present on the 
surface of the soil.

Messrs. Mayer and Mandel*s method, therefore, does not appear preferable to that for the determi
nation of permeability by means of testing samples, disturbed or not, excavated from different points 
(the method recommended by Messrs. Terzaghi and Casagrande and applied for the determination of the 
coeffioient of permeability of numerous weirs, in particular one at Bouhanifia, where interesting veri
fications were obtained).

No. K-9 DISCUSSION
0. Stevens, University of Bandoeng, Java, Netherlands Indies

If we have to do with two homogeneous anisotropic regions of different kind as represented by 
Fig. la, we can proceed as follows.
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The anisotropy of the region denoted by I is defined by the ellipse of direotion 0̂  with the semi- 

aX0B ykg and of the region denoted by II by the ellipse of direction 02 with the semi-

axes fk»Y and .

Region I is now transformed ciroularly in I* (which means that the ellipse of direction becomes a 
oirole) (Fig. lb) for which ie ohosen. As \fk̂  : s l( 1 J it follows that the
transformation is effected by making the coordinates of all the points at the boundary in the direotion 
°1Y1» h/3 times as large while in the direotion OjX-̂  they remain the same. We then get figure A'

in Fig, lb. Next region II is ciroularly transformed in II*, for which \[kQ le ohosen,

As ^*1 * / k * 2 ~ 10 * 9 it follows that the ooordinates of all the points at the boundary of this 

region beoome in the direotion 02Y2, I0 / 9 times as large and in the direotion OgXg remain the same. If 

for this transformation the projection G*g of point 0 coinoides with G*x 0f the first figure, we get the 

figure L*2G*2H*E’ in Fig. lb. So we see that the boundary line LG between both regions in Fig. la is 

projeoted as L*jG*  ̂and by the second transformation as L*gG*2, that is to says they do not ooincide 

but make an angle <p with each other.
Now figure II* is turned around the poitt G* 2 over the angle <p , so that the lines G'gL^ and 

G*̂ L*̂  ooinoide. Thus figure L1,G'^H,,KM =. II** in Fig. lb is obtained. Finally Figure I* is uni

formly transformed in I'* so that G'jL*̂  is equal to G»jL'*.

Let it be G' ̂L* • t G'̂ L* ̂ = |J , then it is easy to understand that figure I * * =• A* * Bf *..... G'^L"

ie the ciroularly transformed region I in Fig. la with fk^ = . In the adjacent transformed

regions I” and II" in Fig, lb, the flow net oan be determined electrically now.
If the parameter-values of the h-lines remain unchanged, then the same quantity of water as through 

the anisotropio regions of Fig, la will flow off between two corresponding streamlines, when a ooef- 
fioient of percolation yk^Tkg is adopted for region I" and for region II’* a coefficient of perco

lation  ̂k'i* k , 2 *

The depths t^ and ^  of the electrolyte must be proportional to these coeffioiente of percola

tion. Along L*'G* 2 in Fig. lb we have to insert a casoade, according to the figure at the top of 

page 220, Vol I of the Proceedings,
When the boundary between the two regions I and II ie any arbitrary curve, the projections of this 

curve may be drawn dose to each other and may be given the same length, but they will not coinoide. 
Nevertheless it is still possible to give corresponding points at both sides of the casoade the same 
potential value by connecting them by means of oopper wires with small resistance.

If the eleotrio flow net is determined now, the required flow net in the anisotropio soil is ob
tained by transforming inversely to the foregoing transformations this electric flow net.

The prooedure described for two anisotropio regions may be extended to any number of regions.


