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- THE EFFICACY OF SYSTEMS OF DRAINAGE WELLS

RN S M

FOR THE RELIEF OF SUBSURFACE HYDROSTATIC PRESSURES

AR ERE R

PART I: INTRODUCTION

1. Preface; This memorandum constitutes a report on the
study of the efficacy of certain types of drainage systems for the
relief of subsurface'hydrostatic pressures, The study ls concerned
specifically with levees founded upon relatively thin, impervious
surface formations which overlie pervious strata, The proposed
levess; with which this report is doncerned, are to protect certain
lowland sections of the city Qf Memphis, Tennesses, and are to be
constructed upon such a foundation medium, Protection against the
formation of sand boils and piping, and the consequent danger of

destruction of the levee system is essential, The use of drainage

systems consisting of wells penetrafing into the pervious strata in
the vicinity of the landside toe of the levee have been shown by this
. study to be feasible, The relief of the subsurface pressure is
accomplished, and the discharge quantities are determinable; éo that
choice of the drainage system and the necessary facilities for the
disposal of the water dilscharged may be made for the particular
conditions obtaining in the levee project,

2., History., DPertinent facts concerning the history of fhe
.study which is the subject of this technical memorandum follow:

2. The study was initiated as the result of pro-
posals submitted to the Dircotor of the Experi-
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ment Station by the District Engineer, Mem-
phisg, Tennessee, in a letter dated January
25, 1938, Subject: "Proposed Model Studies.”

The Experiment Station was authorized to con-
duct the study by the President, Mississippi

River Commission, Vicksburg, Migsissippi, in

the 7th indorsement dated April 1, 1938, to

a letter from the Director of this Station to
the District Engineer, Memphis, Tennessee,

e

¢c. Thae study was accomplished in the Soil Mechan-
ics Laboratory of the U, S, Watorways Expori-
ment Station, Vicksburg, Mississippi, during

the period April 1, 1938, to October 15, 1938,

4. Tho final report (this technical memorandum)
was submitted February 1, 1939,

3. Personnel, This model study was performed in the Soil
Mechanics Laboratory of the U, 8. Waterways Experiment Station,
Vicksburg, Missigsippi, Chief of this laboratory is Spencer J,
Buchanan, Engineer, who supervised the execution of the study and
edited this report, Directly in charge of the model was the pro-
ject engineer, William R, Porret, Junior Physicist, who supervised
the performance of all tests and prepared this rcport., In addltion,
tho following members of the staff of the Soil Mechanics Laboratory
assisted in the porformance of the tosts: Raymond A, Daumcr and

James P, Doaly, Under Engincoering Aides.
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PART II: TEE PROJECT

4, The problem. & brief description of the site and the
phenomena which prompted this study, as well as a discussion of a
possible means for accomplishing tke desired result are contained
in the following subparagraphs:

a, Description of the site., The gpecific

- probleom for which this study has beon under~
taken involves the Wolf River and Nonconnah
Crook levees of the Hemnhis Flood Control
Projoct., Thesc two similar loveo projects
aro dogsigned to protect soctions of the city
of Momphis, Tonnossce, from floods produced
principally by back vater from the llississippi
River, The foundation medium upon which it
will bc neccssary to construct those loveos
includos a surface giratum of relatively
impervioug clayoy glits and silty clays
varying in thicknoss from about 6 ft., to
about 35 ft. Undorlying the imporvious
surface gtratum and exposcd at the river
banlr is a stratum of fine sand underlain
by o stratum of sandy gravols,

I

The occurrence of sandboils and piping. Sand-
boils are caused by the snontaneous relief

of subsurface hydrostatic pressure through
localized flow of the subsurface water to

the ground surface abt the landside of levees
during high water periods, A boil usually
oceurs at some local weakness in the surface
stratum where the more or less lmpervious
soll fails to withstand the hydrostatic pros-
sure developed in thd more pervious underly-
ing formations., A snall weak spot, such as

a crack or fissurc, pormits tho concontration
of flow from tho lowor strata with consequont
development of high volocities at the hole
and gradual onlargemont of both tho hole and
the discharge from it, The sand boil is bo-
lioved to continue to grow and to dcvelop
flow channols within the morc pervious strata
by goncral movement of material in the boil
and along tho channcls, The formation of

tho flow channcls is known as piping, and is
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believed to result directly in the under~
mining of the levee, The customary correc-
tive measure lg the erection of a sand dag
dam around fthe boil so that a sufficient

hydrostatic head may be built up to restrain
the flow,

e

Preventivo measures considerod for protoction
against the formation of sand boils., It is
gonerally agrcod that the control of a danger-
ous condition is best served by proventive
rather than corroctive mecasures., With this

in viow, scveral means for preventing tho
formation of sand boils have boen considered,.
Among the proposcd methods, the restriction

of flow within tho structurc and foundation
matorial by moeans of bontonitc or asphaltic
blankots and grouts has boon shown to be
helpful for cortain types of matorials and
formations,* Tho roliof of the subsurface
hydrogtatic prossure by means of o drainago
gystem situated at the landside of the levee
wags considered a desirable mode of protection
against the formation of sand boils along the
proposed Wolf River and Nonconnah Creek levess,

5, Purpose of this study. This study was initiated for the

purpose of determining the feasibility of the uso of a system of
drainago wells for the relief of the subsurface hydrosfatic prossure,
It was furthor desired that information concorning tho most officiont
form éf such a drainago systom should be obtainod in the ovent that
foasibility was ostablighod, Tho study was plannod to cover only tho
speeific caso prosented by the projectod Wolf River and Nonconnah

Creok lovee systoms,

6, Mothod of invostigation., It was docided that the data ro-

quirod for tho study of tho problom described above could be derived
most effectively from the study of a small-scale modol of a typical

portion of the leveo and foundation medium dircctly concerncd, The
*A study of the officacy of bentonite for this purposo is reported

in U, S, Watorways Experimont Station Tochnical Memorandum No, 135-1,
dated October 8, 1938,
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use of small-scale models has been sufficiently well-established as
a method for studying problems of fluid flow in porous media for its

choice in this study to be justified, provided certain precautions

and reasonable care are taken in design, It was decided to construct

a model using saﬁds and goil, so placed as to simulate thoe conditions
of permeability and dimensions which obtained in tho prototype, Tho
free entry of water into the pervious sitrata at the river bank ond

of the model was to be attalned by the use of a pervious, copper-
scroon bulkhoad, .The simulation of an infinitce landward extont of

the surface gtratum was to bo attainod by usc of an imperviows bulk-
hoad, which pfevcnted all flow from the porvious strata landward from
the lovee, at a distance of about cight times.the foundation thick-
noss, .The systomg of drninnge wolls woro to be simulated with pyralin
tubing and copper screen of appropriate dimensions, .The data desired
from the model included the distribution of the hydrostatic pressure
beneath the relatively impervious surface stratum and the rate of
discharge for the various types of dralnage system, The Jjustification
for the assumptions and geneoralizations which it was found necessary

to incorporate into the dosign and operation of the model are discussed

in dotail bolow, .

7. Discugsion of the validity and limitations of the application

of a modol study to tho solution of tho problom, The proccss of con-

gtructing a modol for the study of a problem such as that outlined above

is ogsontially a proccss of constructing a flow system goomotrically

similar to that of the prototype, . The flow pattorn may bo dotermined

by means of dyc lincs or by tho analysis of hydrostatic prossurcs mea-
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sured at various locations within the model. The dlscharge may be
measured directly, The principal characteristics to be consldered
in the design of such models are discugsed in the following subpara~
graphs:

a. Geometrical similitude. Reproduction of the
prototype flow net requires that the model
be geoomoetrically similar %o th® prototype.
Thus, horizontal and vertical scale ratios
must be the same. It is apparent that any
distortion of the geometry of the model
would introduce a distortion in thec flow pat-
torn which would makoe interprotation of tho
modal data difficult and uncortain,

I3

Flow typo similitude. In the procoss of
fluld flow through a porvious modium, two
distinet types of flow, viscous or turbulent,
are possible, The exigstence of either type
at any point is dependent upon the energy
content of the physical system at that point;
that is, upon the differential hydrostatic
pregsure in the medium and the reslstance
which the medium offers to flow., The factors
which control the type of flow through a stra-
tum of pervious material are thus; the hydro-
static pressure gradient along the dircction
of flow, and the permeability of the material.
Since tho charactoeristics of tho two typos

of flow are very difforent, it is cssential
to the attainment of similitude betwoen the
modsol and prototype flow nets that tho same
tyne of flow oxiets in tho model as in the
prototype., It has boon found that for near-
ly all cases of fluid flow through porous
media occurring in nature the combination

of pressure gradient and permeabllity is such
that only viscous flow can exist, One of the
exceptions to the prevalence of viscous flow
is the condition, described in paragraph 4b,
in which the pressure gradient in the vicinity
of a sand boil becomes so large that the flow
becomes turbulent, Fortunately, the repro-
duction of the viscous flow which is preva-
lent in pervious formations may be accomplished
without difficulty in a model,

Permeability similitude. The permeability of

o
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a porous medium represents, in a rigorous
sense, a physical property of the medium
only., It appnears in the general form of
Darcy's Law for the viscous flow of fluidsg
through porous media as a dimensionless
constant factor which characterizes the
nermeable condition of the medium; that

is, it depends only upon geometrical proper-
ties such as the volds ratio, grain size
distribution, continuity of pore channelsg
and.,, 1in cemented media, the degree of cem~
entation, However, in tha more specific
form of Darcy's Law which is customarily
applied to problems involving the flow of
water through pervious formations and
structures, the permeability factor "k

hag the dimensions of a velocity and de-~
geribeg the condition of the medium in

tormg of itg effect on the flow of tho
particular fluid, wator. In connsction with
the reforoence to Darcy's Law and the dofini-
tion of the effective permcability it should
be noted that the application of this law is
valid only when the flow is of a viscous na-
turc, It will be apparent from the forego-
ing, and from a consideration of the nature
of the materials applicable to the construe-
tion of a model, that the exact reproduction
of some predetermined permeability in a sand
model would present difficulties too great

to justify such procedure., It is possible,
however, to construct the model so that a
good degree of uniformity of compaction,

and hence permeability, is attained. The
geomsetrical scale ratio bears no relation

to the permeability scale ratio in such a
model, The model discharge may be correlated
to that for the prototype on the basis of the
ratios of the pormeabilities as measured for
sach structure., In cases where the prototype
includes sections having different permeabili~
ties, it 1s essential that the ratio of the
permeabllities of the sections in the model
correspond approximately to that in the proto-
type. Here, too, the attainment of exact cor-
respondence of the ratios is not justifiable,
An attempt to reproduce every local variation
of the prototype permeability would involve
impracticable exploration of the prototype
and, even if these variations could be repro-
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duced in the model, they would produce in-
consequential changes in the test data,
Hence, only such general differences in per-
meabllities as those existing between dif-
ferent strata or between the core and shell
of a dam are reproduced, This featurc is
discussed further in paragraph 10a below,

Capillarity. The character of tho prototype

which was simulated with tho model cmployed

in this study procluded the considoration of
capillarity in the dosign of tho modeol and

in the intorprotation of the results, The
fact that no fres-surface -~ that 1is, contact
botween the fluid and alr at atmosphoric pros-
gure - could exist within the pervious strata
of the model eliminated the possibility of any
capillary effect in those strata.
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PART III:  THE MODEL

8, Definitionsg of terms, The terminology adopted throughout

this study has been maintained, insofar as possible, similar to that
commonly applied to levee work., However, simplicity of meaning or
conditions peculiar to the model study have suggested the use of
cortain terms whose meanings in this report ars defined in the fol-
lowing subparagraphs:

a. Test numbor, run numbor, part number, -The
designation of the wvarious types of drainage
gystems and conditions of tailwater were
made through the agency of test, run, and
part numbers, The test numbers, 1, 1-A,

1-B, etc,,; refer to the type of well employed
in the drainage system and defined by the ac-
cessibllity, The run number refors to the
chronological order in which the runs wore
made and, where drainage systems werce cmployed,
this number dosignatos tho spacing interval bo-
tweon the wells in the systom, The part num-
bor designates tho proscnce or absence of
drainage facilities in the model and the opera-
tion of the model with or without tailwater,

b, Accessibility, The term accessibillty defines
the part of the well surface through which the
subgurface water has access to the well for
drainage to the surface, It is expressed as
-the total depth to which the well penetrates,
and the location and cxtent of "the woll-point
or other cpen arcas of the well,

c. Lincar units., Throughout this roport all
lincar dimonsions aro givon in prototypc feet,
In the description of the woll types, para-
graph 100, tho actual dimensions of the model
wells are also given,

d. River stage, The elevation of the water sur-

T face at the riverside of the model is defined
as the river stage, It is quoted in prototypo
feet referred to the original ground surface,
or top of the impervious stratum, as the zero
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I

datum, In tals report, results for the
maximum, 37-ft., river stage only are
given,

Presgure unifs. The pressures which existed

beneath the surface stratum were moasured
with plezometers and are quoted as prototype
faet referred to the samc datum as the river

stage,

Maximum excess pressure, Tho hydrostatic

preasure which exists bencath tho surfaco
gtratum duo to the hydrostatic hoad of tho
river stage is corrected to the same datum
as the river stage, All positive values

of this pressure are referred to as excess
pregsure to distinguish them from the actual
hydrostatic pressure which is effective be-
neath the impervious stratum, The maximum
values quoted for each test arc the highost
valuos for tho oxcoss progsuro measured be-
neath the surfaco stratum to the landside
of tho leveo,

Pressurc roliof efficiency. The degrec of

roliof of the pressuro which is accomplished
by a cortain dralnage systom hag boen com-
puted as an officioncy, Tho minimum actual
reliof accomplished is tho differenco bo-
twoen rivor stago and the maximum excess
prossure, The ratio of this minimum rollef
valuc to the river stagc is tho efficlency.
of tho systom in torms of the prossure ro-
lief accomplished

Discharge units, The discharge from the

model was measured in cubic centimeters

per second. All discharge values, after cor=—
roction for temperature effect, were converted
to gallons per hour for convenience, No cor-
relation to the prototype was attempted with
these quantities,

Total available discharge, In order that a

convonlent meang of corrclation betwecn the
soveral tests and botweon the test data and
prototyps data might be mado availablo in
tho form of an efficiency, 1t was nocossary
to detormine the total dilscharge which was
availablo at the wolls, To dotermine the
total available discharge, the model was
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9. The apparatus.

altered by removal of all that portion
landward from the drainage system and re-
placement of the wells with a pervious
bulkhead, similar to the one at the river
bank, It was then possible, by adjusting
the river stage and tailwater to correspond
to the conditions maintained during the
previous tests, to determine the total dis-~
charge which was available at that point.

Discharge efficiencies. The discharge ef=-

ficioncies are computod from the tost data.
They oxpross the ratio of the discharge for
o particular drainngse systom and river stago
to tho total avallabloe dischargo.

reported herein is described in the following subparagraphs!

a,

The flume. The model for this study was

accommodated in a long steel flume located

in the main hall of the Experiment Statlon
building, Two bulkheads, congtructed of
bricks and covered with a 1~in, coating of
neat cement, were placed across the flume
to inclose a section 32 ft., long and 3,5
ft. wide, A portion of one wall of the
flume, 27 ft. long and included between

the end bulkheads, is made up of glass panelg

2,3 ft, high, The floor of the flume was

covered with a layer of necat cemont to the
bottom of tho glass panols. Tho floor and
bulkheads woere watortight, -

The piezometers, The type of data required

of thig study made necessary the determina-
tion of the distribution of the hydrostatic
pressure beneath the surface stratum, For
this purpogse a series of 60 pieczometers was
ingtalled in the steel wall of the flume,
Tho openings for the piezomctors (Plato 4,
Figuro 1) were flush with the inner faca of
the steel wall plates and on a line 0,75 ft,
sbove the cement floor surface, The holes
were spaced at intervals of approximately
0.5 ft, The plezometers congsisted of 8 mm,
glass tubing about 18 in, long with a right
angle bend about 1 in, from one ond. These
glass tubes wero connocted by short longths

(P;ate 1.) The apparatus used for the study
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of rubber tubing to brass nipples screwed
into the steel flume wall, One end of each
nipple was covered with 680-mesh copper wire
screen to prevent the entrance of the model
material into the piezometers., A paper
scale having 100 divisions per foot was fag-
tened with rubber cemont to a board bohind
cach piezometer, The scales weroc zorocd by
filling the flume with water to a carefully
measured depth and setting each scale so
that the bottom of the meniscus in its pie-
zomater gave the proper reading for that
water level, The surface tension affect

for each plezometer tube was thus automatical-
ly taken into account, The piezometers wera
numborod from 1 to 60; No. 1 being at the
riverside of the modol, Wo, 60 at the tail

bay.

The circulating system, In order to prevent,
insofar as possible, both the evolution of
dissolved air within the model and the growth
of algae, distilled water was acquired for the
operation of the model, For economic reasons
it was desirable that this water be used ro-
peatedly, To accomplish this, a circulating
system, which included a 1200-gal, metal-linocd
raservoir containing a vertical sand filter,

a metal-lined constant-head box containing a
second vertical sand filter, a 20~gal, metal
sump, an electrically-driven pump with a limit
switch, and employed brass pipe and fittings
throughout, was installed,

le

10, The model, (Plate 2, Figure 1,) The essential features of

the model used for this study are descrlbed in the following subpara-

graphg:

a, Scale and dimensions, Study of tho dimensions
of the flume and the prototype showed that the
most satisfactory linocar scalc ratio (model to
prototypse) would be 1 to 50. Tho scalo of por-
meabilitlos was not definitoly prescribed, but
approximate values of the permeability of the
two pervious substrata in the prototype were
furnished by the Memphis Engineor Office.
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The application of the chosen scale to the
prototype structure and foundation dimensiong
resulted in a model having the following di-

mensiong:
Dimension : ‘ Prototype Model
Over-all length, feet | 1270 25,4
Over-all height, feet 88 1.76
River bank to riverside toec, foet 500 10
Riverside to landsido tos, foot 370 7.4
Levee to impervious bulkhead, feet 400 8
Riverside slope 1 on 3.5 1 on 3,5
Crown width, feet 10 0.2
Landside slope : 1 on 5,97 1 on 5,97
Height of levee, feet ‘ 33 0.76
Length on centerline of leves, faat 175 3.5
Total foundation thickness, footb 50 1,0
Thicknoss of top stratum, foot 10 0.2
Thicknoss of middle stratum, foot 18 0.36
Thickness of bottom stratum, foet 22 0.44
Pormeability:* leveo and top stratum Imporvious 0,005 x 10-%
Pormoability: middle stratum 150 x 10-% 220 x 10-4
Permeability: lower stratum ,\ 2000 x 10-% 3700 x 10-%

It should be noted in connection with the per-
meabllities and dimensions of the prototype
and model, as given above, that certain con-

%A1l permeabilities are given in cm, per sec. The permeabilities
quoted for the model arc those determined during the construction of
the modol by moans of tho voids ratios obtained from undisturbed sam-
plos of tho throo strata and tho prodotorminoed veids ratio vorsus por-

moability curves, Theso valucg are not valid for all tosts.
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straints are placed upon the results by the
values used. The permeabilities quoted for

the prototype, as indicated above, ars thoge
supplied by the District Engineer, Memphis,

and zre understood to be approximations or
general values applicable to the particular
stratum represgented, It is natural that
variations should exist in the materials and
their permeabilities in the strata of the pro-
totype. However, such variations are assumed
to be averaged to result in the general values
used., Anisotropy did not exist in the model
because of the careful control exercised dur-
ing construction, The values of permeabilities
for the prototype served principally to define
the order of magnitude for the model permea-
bilities, It will be seen in Part V of this
report that varlations in the actual values

of the permeability of tho materials does not
affect the efficacy of the drailnage system,
insofar as either the pressure relief or the
discharge are concerned, ~Similarly, it will
be seen that the dimensions of the several
strata are effective only in their relation

to the accessibility of the wells, However,

it was congidered desirable that the dimensions
of the model be such that it was a roproduction
of the generalized prototype for which the di-
mensions were furnished by the Engineer Office,
Memphis,

Materials. A study of the prototype conditions

and the materials avallable for model construc-

tion showed that a satisfactory choice could be
made from the materials at hand, In making this
choice, a series of tests were conducted upon
samples of six types of sands and a sample of
the sandy gravel which forms the lower of the
three strata of the prototype. These tests

were devised to furnish information concerning
the flow characteristics for the material with
particular reference to the establishment of

the critical range within which the type of flow

will change from viscous to turbulent, The re~-

sults of these tests indicated that, for the
conditions prevailing in both the prototype and
the model, the flow would be of a viscous nature
with the probable exception of the flow in the
vicinity of a boil or within a relatively small
region immediately surrounding the wells of the
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drainage system, From thls information the
choice of materlals for the two nervious sub-
gtrasa was determined from permeabillity data,
I+ was declded to simulate the lowsr gravel
gtrasum with Standard Ottawa Sond which has
a grain size distribution such that about

99 per cont, by welght, occurs betweon di-
amoters 0,833 to 0.589 mm, Tho uwpper
sand stratull was represented with a fine
sand obtained locally and referred to as
Hational Park Sand, This sand has a grain
sire distribution such that 95 por cent,

by welght, occurs between the diameters
0.417 and 0,104 mm, The rolatively imper-
vioug surface stratum and the levee were
represented with Vicksburg loess.

Placement. The sand strata woers placed under

water in ordser to avoid the iaclusion of air

with the sand, Tho perviouns rivorsido bulk-
head and the imporvious landsido bulkhoad wore
placed in the flume with tholr top cdgos at

the olevation to which the surface of tho im-
pervious stratum was to be molded, Lines were
drawn on the glass panels by meang of care-
fully regulated water depths to show the linits
of each stratum and the location of the levee
gsection, An excess of Standard Ottawa Sand

was then placed under water in thin layers

and rodded to insure both freedom from trapped
alr and uniformity of compaction, The surplus
sand was then removed so that the top surface
of the lower stratum of the model coincided
with the guide line drawn on the glass panol,
The uppor sand stratum was laid in a similar
mannor oxcopt that in this case it was neces-
sary to have the fino National Park Sand thor-
oughly wet before introducing it into the water
in the flume, It was found desirable to place
this sand in thin layers through a thin layer
of water in order that the stratification due
to non~uniform settlement of the grains might
be held at a minimum, This sand stratum was
rodded thoroughly to destroy any stratification
which may have occurred during placement, As
in placing the first stratum, an excess amount
of the fine sand was placed and compacted and
the surplus wag removed, The construction of
former models has shown that the most desirable
procedure for conditioning locss to simulate an
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impervious material is to maintain the

water content at about 1 or 2 per cent

below the plastic limit, In placing the
surface gtratum and levee, the water content
of all the material was carefully maintained
at the proper value, The material was mixed
to the propor consistency, broken up through
a 1/4—in, gcerceon, and compactod by hand in
thin layers, Tamping was found to distort
the lower mervious strata and so could not
be rogorted to for compaction, Specilal

care was necessary to insure that a water-
tight bond existed betwecen the surface stra-
tum and both the flume walls and the imper-
vious landside bulkhead.

Permeabilitieg, Undisturbed samples were

takeon from each stratum at several locations
upon complotion of the wmolding of that stratum,
The volds ratios wero deteormined for cach of
thego samples and the weolght of a unit volumo
of the surface stratum was computed., These
data permitted the determination of the approxi-
mate permeabilities for the three strata., The
permeability of the lower, most pervious strata
(Standard Ottawa Sand) was found to be approxi-
mately 3700 x 10-4 cm, per sec,; that of the
upper stratum, to bo approximately 220 x 10-4
cm, por soc, Tho ratio of thoso pormeabilitics
ig about 1 to 17 which agruvod sufficiocntly woll
with the given prototypo ratio of 1 to 13, Tho
pormeability of tho rolatively impervious sur~
face stratum was found to be about 0,005 x 10-"
cm, per sec, Weight of a unit volume of the
surface stratum was found to be about twice
that of a unit volume of water, Thig latter
quantity is of value in determining safe excoss
pressures,.

The drainage system. The drainage systems tested

consisted of a series of wells spaced at 20-Tt.
intervals along a line parallel to the centerline
of the leves and 10 ft, to the landside of the
landside tos, (Plate 2, Figure 2.) These wells
were of two principal types and penetrated through
the impervious top stratum to various depths with-
in the poervious substrata., Both typos of drain-
ago wolls tosted were so designed that the dis-
placement of the foundation material by tho flow
of wator was preventod. Hence, tho dovolopment
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of piping as the result of excessive
velocities through the porous strata

could not occur, Tests were also made

to determine the effects of landside borrow
pits which penetrated to the pervioun
strata at certain distancos from the

levee toe, Tho two principal types of
wells used in the drainage system, as well
ags thoe borrow pits, are described in the

following subparagraphs:

(1) Original drainage wells, The drain-
age wells originally tested were plan-
ned to gimulate pipes 1 ft. in diameter
driven to a depth of 6 £+, below the
bage of the impervious surface stratum
and back-filled with gravel, The wells
were to project 2 ft. above tha ground
surface, The model wells congigted of
a piece of pyralin tubing 0.5 in, I. D,
and 0,36 ft, long., A piece of 80-mesh
bronze screon was ccmonted narnsg tho
bottom of thesc wells which ponctratod
0,12 £t, below tho basc of the imporvious
surfaco gtratun.

(2) Well-point drainage wells, A second
type of well, radically different from
that originally considercd, was tested
after it was found that the first type
wag inadequate. These new wells ir~
corporated well~points and wore de-
signed to give a high doegreo of flexi~
bility in testing differont degroes
of accessibility, - They consisted
of pyralin tubing 0.5 in., I, D,, 0,22
ft. long which projected 0,02 f%,
above the ground surface and extended
completely through the impervious gur~
face stratum, A tube of 60-mesh cop-
per screen 0,5 in, diameter and 0,36
ft. long was cemented to the bottom
of the pyralin tubing, A gecond tube
of 30-mesh copper scracn, 0,5 in, diametor
and 0,40 ft. long with a bottom of 30~
mesh screcn was soldered to tho 60-mesh
scrcen, The joint botwoen tho two gersen
scctions was onlarged so that a brasg
tubo of proper diamctor and longth could
bo placed on the uppor scction of the
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(8)

well and seated so as effectively

to case~off the upper sand stratum,
This type (Plate 3, Figure 3) repre-
gented a woll of 1 ft, diametoer pono-
trating 48 ft. below the ground sur-
face, The lower 38 ft, congisted of

a weoll point so arranged that it could
be tosted in scctions, Thus (Plato 3,
Figuro 2) with tho casing in placo,
only the lowor 20 £+, of tho woll
point was accossible and only the lowoer
sand stratum was drainod. Furthermore,
by introducing a suitable quantity of
sand intc the well, the accessible sec~
tion of the well »bint could be re-
duced so that the well peneirated only
10 £+, into the lower sand stratum

and drained only thoe upper 10 £t, of
that stratum, Romoval of tho caging
and variation of tho quantity of sand
intreduced into the well made mossiblo
the roprosontation of othor degroes of
accossibility,

Borrow pits. (Plate 2, Figure 3,)

Several tests were conducted to deter-
mine the effect of landside borrow
pits upon tho distribution of the ox~
cess pressurc bencath the surface stra~
tum, The borrow pits wore simulated
by tho romoval of tho surfaco gtratum
at tho landsido of tho model, Throo
locations of the borrow pit woro
tosted, roprosonting pits which pone-
trated to the uppor porvioug stratum
at distanceos of 300 f%,, 100 ft,, and
10 ft., from the landside toe of the
levee and extended, in each cage, to
the impervious bulkhead,
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PART 1V: THE TESTS

11, Procedure, The procedure for conducting all the tests for
this model study was devised and employed, The essential features of
thig procedure are described in the following subparagraphs:

a, Rogulation of river stago. Tho river stago

T was rogulatod and maintained by moans of an
over-flow drain at the riverside of the
model., The water-surface elevation could
be maintained with an error of less than
0.002 £+, or 0,1 prototype ft. In all tests,
it was desired to determine the behavior of
the model for a 37-ft, river stage; that is,
one foot freeboard, However, all tosts
were conducted so as to include intermcdiate
gtages of 10 ft., 20 ft,, and 30 ft, in order
that more complete information might be ob-
tained, In some of the more critical tosts,
vhere it was believed that the model might
be serlously damaged at the highor stagoes,
intermadiatc steps of 5 ft., and in sovoral
cases 2,5 ft,, worc employed to provont such
damago,

b, Pressure observations., As stated in paragraph
- 9% above, a serles of plezometers was employed
to indicate the distribution of the hydrostatic
pressure beneath the impervious surface stra-
tum, These plezometers were situated 0.05
ft. below the base of the surfacc stratum,
The standard proccdurc adoptod for all tests
consisted of reading all even-numbered pie-
zometers 15 minutes after the establishment
of a river stage and repeating the observa-
tion at 30-minute intervals until the indi-
vidual readings indicated that an equilibrium
condition had been established, In gencral,
only threc obsorvations worc nocegsary, and
the last observation was considored to ropre-
gont the pressure distribution for the par-
ticular river stage and drainage system,
From time to time, the observations were ex—
tended over much longer psriods to verify
the establisghment of equilibrium, In order
that varlations in the pressure digtribution
in the vieinity of the drainage system might
be more accuratoly obsorved, both ovon-and
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odd-numbered plezometers were read in
that réeglon of the model,

Digcharge measurements, Tho water level

in the tail bay of the model was maintained
constant by means of an over-flow drain,

For most tests, 1t was maintained at approxi-
mataely the ground-surfacc elovation, The
water which was dischargod through the drain-
ago system flowoed out through tho ovor-flow
drain into tho collocting sump, This dis-
chargo was measurod beforo and after oach

sot of pressure observations, and equilibrium
was considered to be established only when
the discharge rate wag found to be congtant
or very nearly so, The discharge rate was
measured as the volume discharged per unit
time for the entire system,

Adjustmont of the woll spating and accosgi-

bility, The drainage systems tested in this

nodel study differed in the distance between
the wells and in the accessibility of the
walls, & total of nine wells were used in
the model at a minimum interval of 20 f%,,
centor~-to-centor, The other intorvalg
tosted wore 40 ft,, 60 ft., 80 f%., and

175 ft, Tho incrcased spacing was accom—
plished by plugeing the tops of appropriato
wells, The plugs used for this purpose con-
sisted of corks through which glass tubes,
open at each end, projected, These tubes
served as piezometers for checking, approxi-
mately, the hydrostatic pressure at the wells,
The method adopted for varying the accogsi-~
bility of the wolls was doescrlibed in para-
graph 100(2) above., Tho spacing intervals
and accossibilities tested aro prosentod in
Tablo I,

Temperature corrections, The viscosity of

water and hence its rate of viscous flow
varies conslderably with temperatura. The
temperature of the water in the model wasg
measured at the riverside bulkhead and at
the wells for each dlscharge observation,

It was found to vary widely from togt to
tost, and in many cages during tho operation
of a single test, Thorefors, it was doomad
dosirable to corroct all dischargo rates to
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20° O, by means of a table computed from
Table 170 of the "Smithsonian Physical
Tables," 8th edition. The temperatures
used for these corrections were the mean
of the entrance and exit temperatures,

Plezometer scale corrections, During the
period throughout which this study was
conducted, the atmospheric temperature and
humidity varied through wide ranges,

These changes, especilally the humidity
variations, caused the paper scales which
were employed for reading the piazometers
to expand and wrinkle in such a manner
that some of the observations were affected,
Correction curves for each nilezometor wore
compllod, and pressure data wore corractod
wherever the scale error was groater than
thoe exporimental error,

fes

12, The test data, The data obtained from the tests conducted

for thils model study consist of the hydrostatic pressure distribution

and the rates of discharge, These data are presented and described

in the following subparagraphs:

&, The data, All the data relevant to this

model study are contained in Table I,

page 24. These data have been selected

and arranged so that ths characteristics of
cach type of drainage system tested are
readily comparable with those of all tho
other systems, Since it is obvious that

any drainage system which will accomplish
tho safe relief of the excoss prassure at
the maximum river stage will be safe for
lower stages, no data for the lower stages
are quoted in Table I, Bimilarly, the
discharge measurements for the lower stages
were considered to be irrelevant, since the
degign of any pumping or storage system for
the accommodation of the discharge will
necessarily be bagsed upon maximum conditions,
A series of typical pregsure distribution
graphs have been assembled in Plate 4, Fig-
ure 1 of this plate represents a sectional
view of the model showing the location of
the various important parts, Figure 2 repre-
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sents the pressure distribution for river
stoges corresponding to 10 fi,, 20 ft,,

30 ft., end 37 ft., when the drainage uys—
tem in operation consists of wells spaced
at 20-ft, intervals and having a total
depth of 48 ft, of which the lower 20 f%,
ig accessible to the subsurface water.
Pigure 3 illustrates tho offect of the
variation of the spacing interval batweon
wolls upon the prossure distribution,

The tests were conducted using intervalsg

of 20 ft,, 40 ft., 60 ft,, and 80 ft. be-
tween the wells, The wells were similax

to those described for Figure 2, Figure

4 illustrates the effect of changes in tho
accessibility of the wolls upon the prog-
gurc digtribution., The tosts from which
thoso data wore obtained involved; (1) the
use of wells 48 ft, deep waich were acces-
sible throughout their lower 38 ft, and

20 4., respectively, (2) the use of wells
38 ft. deep and accessible throughout their
lower 10 ft,; and (3) the use of wells 28
£t, deep and accessible throughout their
lower 18 ft, The wells were gpaced at 20~
ft, intervals in these tests, Figure 5
represents the pressure distribution which
occurs for three locatlong of the edge of
the landside borrow pits Borrow pits which
nenetrated through only the impervious sur-
face layer at distances of 300 f%., 100 ft,,
and 10 £, from the landside toe of the
levee and extended in each cagse fto the im~
pervious landside bulkhead were tested,

Accuracy of the data, Tho degree of accuracy

attained in the measuromonte which produco
cortain data must govorn to a considorablo
oxtont the intorprotation of those data,

In the modol study which is tho subject of
this roport, the accuracy of all the moasurc-
monts wasg maintainod well within the limits
pregsceribed by the nature of the model
matorials, thoe scalo, and the operating con-
ditions., The detormination of tho hydro-
static prossure involvod estimation to the
nearest 0.001 ft, on a 100-divisions-per-
foot scale, That this proceduro was allow-
able was shown by the close correspondence
of repeated and independent observationg by
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several of the operators. This degree of
accuracy was not retained, however, The
piezometer readings were converted to the
nearest 0,005 ft, in order that they night
be more nearly of the sames_order of accuracy
as the model prescribed. The discharge moa-
gsurements, involving a volume of water and

a time intorval, werc such that the probabloe
error in both measurements was of the same
order of magnitude, and always less than

one per cent of the whole quantity measured.
A1l measurements were repeated as stated in
paragraphs 11b and llc above. All pressure
measurements which wore considered stable
varied less than 0,003 ft, Dischargo moa-
surocments wore checked to 0,03 cc, per sec,
in quantitios not less than 7 cc. por scc.
and as high as 17 cc. por sec, It is evident
that the accuracy of the measurements is at
least as good as that attained in the construc-
tion of the model and quite sufficient for the

purpose of this study.
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TABLE T

EFFICACY OF DRAINAGE SYSTEM
FOR THE
RELIEF OF SUBSURFACE HYDROSTATIC PRESSURES

DRAINAGE SYSTEM MAXIMUM | MAXIMUM | PRESSURE CORRECTED
TEST |RUN | PART |~ WELL - RIVER, EXCESS RELIEF MODEL DISCHARGE
No. iNo. | mo. | spacING| ACCESSIBILITY | STAGE | PRESSURE | EFFICTENCY DISCHARGE EFFICIENCY
FT. FT. FT. FT. % CC/SEC | GAL/HR I3
1 1 1 . 10.0 9.0 — = — —
: 1 2 1 NO DRAINAGE SYSTEHM 7.5 7.5 00.0
Pt 1 2 1 10.9 9.0 - - - -
v 1 1 2 #22,5 7.5 00.0 - - -
1 1 3 20 TOTAL DEPTH 15.0 - - - — —
1 3 3 20 ) 16 TT. 10,0 9.5 - VERY SMALL @ 1%
1 3 4 20 OPEN:BOTTOM | *25.0 9.8 - — — -
ONLY
1-A 110 -3 20 TOTAL DEPTH 37,0 " 40 89.1 14.29 | 12.61 3.4
1-A 8 3 40 48 FT. 37.0 o L2 88.4 14,00 | 13.31 6.4
1-A 9 3 60 OPEN:LOVER 37.0 5.7 84.6 13,22 | 12.57 91.8
1-A |11 3 20 20 FT.&BOTTOM | 37,0 6.2 83.0 13,21 | 12.57 91.0
1-B | 1 3 20 TOTAL DEPTH 37,0 4.5 87.9 14,1 | 12.39 97.2
1-B 2 3 L0 " 38 FT. 37.0 5.4 85.5 12,42 | 12.79 92.5
1B | 3 3 60 OPEN:LOWER 37.0 7.2 80.5 12,63 | 12.00 37.0
1-B | 4 3 80 10 FT.& BOTTOM| 27.0 8.5 77.0 12,28 | 11.67 84,5
1-C | L 20 TOTAL DEPTH 37.0 6.5 82.5 12.52 | 11.89 86,2
1-c [ 2° ; L0 28 FT. 37.0 8.2 77.8 11.84 | 11.25 8l.5
1-C 3 3 60 OPEN:LOWER 30.0 9.9 63,7 8.33 | 7.93 s
¢ | 4 3 80 18 FT.& BOTTOM| 25.0 9.9 56.4 6.23 | 5.91 "
1-D 1 1 3 20 TOTAL DEPTH 37.0 2.5 93.2 14.27 | 13.56 98.2
1D 2 3 40 48 FT. 37.0 3.0 91.9 14,21 | 13.50 97.9
1-D | 3 3. 60 OPEN:LOWER 37.0 L3 88.4 13.97 | 13.27 96.1
1-D | 4 3 80 38 FT.& BOTTOM| 37.0 5.0 8645 13.68 | 13.02 94,1
1D | 5 3 175 37.0 7.6 79.4 12.40 | 11.82 85.4
1-E| 1 3 20 TOTAL DEPTH 27.0 3.5 90.5 14.00 | 13.31 9.l
1-E | 2 3 40 33 FT. 37.0 4ol §8.9 13.70 | 13.02 ook,
1-E| 3 3 60 OPEN: LOWER a7.0 5.8 8443 12,15 | 12.49 90.6
1B 4 3 80 28 FT.& BOTTOM 37.0 6.3 83.0 13,06 | 12.42 89.9
1D | 1 4 2 TOTAL DEPTH 37.0 1.0 95.9 9.54 | D45 e
1D | 2 4 40 43 FT, 37.0 1.3 9445 9._}7 2.90 it
-0 3 4 60 OPEN:LOVER 37.0 1.9 92,0 9425 | 8.83 o
1-D | 4 4 a0 23 FT.& BOTTOM 37.0 2.7 38,7 9.10 | 8.68
1-E| 1 20 TOTAL DEPTIH 37,0 1.7 92.9 9.36 | 8.87 wik
1-E 2 [1: 40 38 FT. 37.0 2.0 91.7 726 8.83 I:
1-E 3 4 60 OPEN:LOWER 37.0 3.0 87.§ 3.85 8.35 b
1-E | 4 4 30 28 FT.& BOTTOM 37.0 2.3 8Ll 8,73 | B8.30 3
1-¢c | 1 YA 20 TOTAL DEPTH 37.0 3.7 8.6 3.53 | 8.08 o
1-C 2 4 4O 28 FT. 37.0 45 8}.2 8.05 7.63 ff
1-C 3 4 60 OPEN: LOWER 37.0 7.6 68.4, 6.91 6.53 :*
1-C | 4 A 80 18 FT.& BOTTOM] 7.0 8.0 66.6 6.83 | 6.51
2 2 DEPTH 7.0 2.9 92.? 14,09 | 13.39 7.0
' ' 1,8 TOTQIQ FT. 37.0 3.3 90.3 13.90 | 13.24 05.3
BORROW PIT 60 OPEN:LOWER 37.0 3.8 89.8 12,52 | 12.87 9.;.5
OPEN: 300 FT. TO 80 38 ¥T.% BOTTOM| 37.0 Ll 88,9 13,51 | 12.37 922
400 FT.FROM 175 37.0 6.0 83.3 12,82 14.%9 (3/
LANI.)SIDE TOE NO DRAINAGE SYSTEM 37.0 10.3 72.2 10.15 | 9.65 9.9
i 1
L 2 Va2 ] 20 TOTAL DEPTH | 37.0 3.0 | 9.9 1,20 | 12,6 | 97.8
i BORROW PIT 10 48 FT. 37.0 3.2 914, 13.97 | 13.27 96.1
OPEN:100 FT. TO 60 OPEN:LOWER "37.0 2.5 90.5 13.79 | 13.09 9%4.9
400 FT. FROM 80 38 FT.& BOTTOM| 37.0 3.9 89.5 12.62 | 12.94 93.8
LANDSIDE TOE 175 37,0 47 87.3 13,10 | 12.49 90,2
NO DRAINAGE SYSTEM 37,0 6.6 82.2 11.86 | 11.29 81.7
i
2 | 1 | 3 | BORROW PIT:OPEN 10 FT.| 37.0 46 | 875 19,13 | 1247 | 90.5
70 400 FT. FROM LAND-
SIDE TOE

1. DIMENSIONS IN PROTOTYPE FEET '
2. PART NO. 4 OF ALL TESTS WAS CONDUCTED WITI 13,0 FEET TAILWATER

3. DISCHARGE EFFICIENCIES CALCULATED ON BASIS OF WEASURED TOTAL AVAILABLE DISCHARGE AT CENTERLINE
OF DRAINAGE SYSTEM; Q = 14.51 CC PER SEC. - v
* TESTS CONWOTED VITH 15.0 PERT TAILTATER
#* TESTS FOR WHICH NO DISCHARGE EFFICIENCY WAS COMPUTED BECAUSE OF LOW MAXIMUM RIVER STAGE
PRESENCE OF TAILWATER S ” , TAGES OR
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PART V: THE RESULTS

13, Discussion of the results, The data obtained from the

tests described in Part IV of this report are applicable to the de-
sign of an adeQuate drainage system for the relief of the subsurface
hydrostatic pressure at the site of the Wolf River and Nonconnah

Creek levee project, These results are discussed in tho following

subparagraphs with respect to their significance and limitations,
Reference is made throughout this discussion to Table I and to Plate 4.

a. Effectiveness of drainage system., The preliminary

~  Tests, which were operated without drainage facili-
ties, served to verify the fact that the pressure
which exists under the impervious surface gtratum
in this case 1s purely a hydrostatic pressure in-
duced throughout the pervious substrata by the
river stage and equivalent to 1%, The pressure
beneath the surface siratum was found to reach a
steady state within a short time after the egtab-
lishment of a river stage and to be uniform through-
out the length of the model., The data for Part No,
1 of Test No, 1, quoted in Table I, shows that for
both Run No. 1 and Run No, 2 the cstablishment of
a 10,0-ft. river stage rosulted in the rupturc of
the surfacce stratum to tho landsido of the lovee,
In both cases the maximum oxcoss pressuro recorded
benoath tho surface stratum at the landside of the
levee was less than that expected from the exigt-
ing river stage. However, equilibrium had not
been established and the rupture of the impervious
stratum prevented its establishment, The data
quoted for the 7.5-ft. river stage for this test,
as well as that for the 5,0-ft, river stage (not
quoted), indicate the equivalence between the river
stage and excess pressure, In the latter cases,
the pressure was uniform throughout the entire
length of the model, It is of interest to note
here that the specific gravity of the saturated sur-
face stratum was found to be approximately 2,03,
Hence, it would be expected that an excess pressure
of asbout 10 ft. would very nearly counterbalance the
weight of the surface stratum and cause failure by
rupture at any weak or thin spot in the stratum,

29022
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The drainage system tested in Part No, 3

of Test No, 1 consisted of wells constructed
according to the original plang, described

in paragraph 10c(1l) above, and spaced at in~
tervals of 20 ft. along the center line of

the system, Run No. 1 of this test resulted
in failure by rupture of the surface stratum
in the vicinity of the wellg upon egtablish-—
ment of a 15,0-ft. river stage, However, Run
No, 3 of this test, for which the maximum
river stage was 10,0 ft,, showed a pressure
relief of 0,5 ft. While these results showed
definitely that the drainago system being
tegted was inadequate for the accomplish-

ment of safety againgt sand boils, they did
indicatec that rolief of subsurface prossurc
could be attained by this means., Considera-
tion of the foundation medium and thoe wolls
which were tested led to changes in tho do-
sign of the wells, It is ovidont from con-
sideration of the permeabilities and dimen-
slons of the twd pervious strata that the
upper, lesd pérvious of these can carry only
a small portion of the total flow through the
model! This portion was estimated to be

about 5 per cent, The wells tested pene-
trated to only 1/3 of the total thickness of
this stratum and were open at the bottom

only, so that the arca through which the

water had access to them was small, It was
gstimated that only sbout 1 per cent of the
total quantity of water available at the wells
was discharged from them, It wag apparent
that the accomplishment of satisfactory re-
lief of the subsurface pressure would require
the use of wells which were accessible to a
considerably larger portion of the subsurface
water, The improved type of drainage well
described in paragraph ng(B) above, resulted
from the foregoing considerations and was in-
corporated into the model in all further tests,
The flexibility of the new wellg permitted
tests to be conducted with numerous degrees

of accessibility, The specifications for, and
the rosults of, tho tests condueted with these
wells are given in Table I, It will be noted
that for Test No, 1-A, the pressure relief ef-
ficiency varies from 98,4 to 91.0 per cent as
the spacing interval -is increased from 20 ft;
to 80 ft, These two efficiencies vary through
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somewhat similar ranges for the other tests,
Tegt No, 1~0 illustrates the effect of in-
sufficient drainage facilities for both the
60-ft. and the 80-ft, spacing intervals;
maximum river stages of only 30.0 ft. and
25,0 ft. respectively, were allowable in-
these cases, Part No. 4 of these tests,

as well as Part No, 2 of Tost No, 1, which
were operated with tailwator covoring tho
landside of the model to a dopth of 13,0

ft. (15,0 ft. in Test No. 1), showed that

the tailwator reduced the offective hydro-~
static head of the river stage by an amount
equal to its stage height. Pressure relief
and discharge efficlencles were similar to
those expected for the same effective hydro-
static head in the absence of tallwater,

The effoct of the borrow pits was similar

to that of the drainage systems, except that
ag the borrow pit was located at succoessively
groater distances from the loves greater ox~
cess prossurcs existed bencath tho surface
stratum in tho vicinity of the landsido of
the lovce, This 1s beost shown in Pigure 5
of Platec 4 in which the pressure distribution
curves for the three borrow pit locations are
presented, The use of a dralnage system

in conjunction with a borrow pit produced a %%
pressure relief similar to that already dig-
cussed, It should be mentioned that the
flow within the borrow pit was distributed
over the entire area so that no boiling or
piping occurrod thers., This is bellovod to
be dve to the exposurec of a largs area of

tho losgs pervious stratum which prevented
concentration of tho flow,

Significance of the pressure relief and dis-

charge efficiencies. The efficiencies derived

from the results of this model study furnish
primarily a means for comparing the several
tests, The extent to whlch they can be car-
ried over, unaltered, to the prototype is

not known. Probably, the use of these ef-
ficiencies in designing a drainage system
should not be strictly quantitative., Cer-
tainly, it is safe to use them qualitatively,
The pressure relief efficlency, alone, defincs
tho real effectiveness of the system in accom-
plishing safety againgt the production of sand
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boils, The discharge efficiency serves the
purely economic function of aiding in the
design of the means for disposing of the dig-
charged water. The advantage of these two
efficiencies llies in the fact that they arc
dimensionless and thus may be used without
regard to scale ratio or the dimensional units
involved and thoir utility will depend only
upon the cxtent to which truo similitudo be-
twoeen model and prototypc has been attained,

C. Applicdtion of the results of this study to

a gpecific problem, For the purpose of demon-
strating the processes involved in the appli-
cation of the results of thisg study to a prac-
tical problem, the two cases discussed below
have been chosen,: The process must necessarily
appear to be quentitative. However, the results
should be regarded ag indicating the minimum
specifications for the drainage system rather
than the optimum system, It is asgumed that
at some site all the dimensions, slopes and per-
meabilities for a levee system and foundation
exist ag described in paragraph 10a above, It
will be further assumed that two distinct cascs
exist, ono in which the surface stratum has a
thicknoss of 8 ft., and the other in which that

thicknogs is 18 f%.

1]

(1) Case I, It is believed that safety
against the formation of sand boils
nay be accomplished if the excess
pressure at the landside is not per-
mitted to exceed one~half the thick-
negsd of the surface stratum, A fac-
tor of safety is thus provided in view
of the data obtainod from Test No, 1,
Run No, 2, Part No. 1, Thus, the maxi-
mum allowable excess pressure for a
surface stratum 8 ft, thick would be
4 ft, Since the maximum river stage,
allowing 1 ft. freeboard on the levee,
is 37 ft., the requisite pressure re-
lief ig 33 ft. It is, therefore, necos-
sary that a drainage systom having a
pressure reolief officiency of 89 por
cont bo installed, Perusal of Table I
shows that several of tho systoms tosted
have officlcencies of 89 por cont or
higher, Of theso systems, all but one,



Technical Memorandum No, 151-1

29

(2)

Test No, 1-A, consist of wells

having exceptionally long well-
points, Since that part of the

well will be costly, the well

type used in Test No. 1-A will

be considered. The drainage system
thus planned would consist of wells
48 ft, deep having 20 ft, of well-
point at the bottom and spaced along
tho centerline of the drainage sys-
tem at 20-ft. intorvals, ZHFach woll
would drain from a strip of the por-
vious strata 20 ft, wido oxtonding

to tho river bank, Tho total avail-
ablo discharge would be 3460 gal,

per hr, per well and since the dis-
charge efficlency for this system

wag found tec be 98,4 per cent, it fol-
lows that the discharge to be expected
for the system would be 3400 gal, per
hr. per well or 17,000 gal. por hr. por
100 ft. of leveoe system, It should bo
noted that this discharge is for tho
maximum river stage only; for lowor
stagos it would decrcaso, An altorna-
tive drainage system consisting of
wellg only 38 ft, deep spaced 20 f%,
apart and having only 10-ft, well-
vointg, might be adopted since such a
system, Test No, 1-B, was found to
have a pressure relief efficlency of
87.9 per cent which would involve an
cxcess subsurface pressure of only
about 4,5 ft.; probably safe for the
given 8 ft, stratum. This system has
a discharge efficiency slightly lower
than that considered above,

Case II, In this case, the surface

stratum is considered to bo 18 ft.
thick, The maximum allowable excess
pressure is 9 ft. and the necessary
relief is 28 ft., The accomplishment
of this pressure relief requires that
the drainage system have a pressuro
relief officiency of 75.7 per cenb,
Among the systems of drainage wolls
togted in this study, the most gatis-
factory for the accomplishment of tho
necossary preosgurce roliof is that usod
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in Test No, 1-B, Run No, 4, This
drainage system consists of wells 38
ft, deep having a 10-ft, well-point
and spaced at 80-ft, intervals, It
has a pressure relief efficiency of
77.0 per cent and a discharge efficiency
of 84,5 per cent, If we assume no al~-
teration in the dimensions of the per-
vious strata at this location, the ex-
pected discharge per well will be about
11,700 gal, per hr, per well or 14,600
gal, per hr, per 100 ft, of levee sys-
tem,

14. OConclusions. The results of the experiments conducted during

this study have shown that the use of a drainage system consigting of
wells for the relief of subsurface hydrostatic pressure is feasibla,
They have also shown that, for the particular problem involved in this
study, a practical, economical solution may be offected with any one

of several drainage systems, It is believed that a further, more goneral

program of study along lines similar to those developed during the course
of this study, would permit the treatment of other types of subsurface

formations in a manner similar to that adopted in this report.

END OF MEMORANDUM PROPER

(Plates follow)
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FIGURE 1

GENERAL VIZY

Foundation and levee section at maximum river stage.
Vertical lines on glass pan=1s show location of
piezometers,

FIGURE 2

DISCHARGE FROM
HELLS

wells svaccd at 20-ft intervels. Dye introduced
into wells.

FIGURE 3

IDGE OF
TORROW PIT

Iocation with respect to wells and levee toe. Note
standpipe plugs in wells.
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FIGURE 4.
FIGURE 5.
FIGURE 6.

FIGURE 4

Original Well Type.

FIGURE 5 FIGURE 6

Total Depth: 16 ft. Accessible at bottom only.

Well-point Type. Total Depth: 48 ft.
Well-point Type. Total Depth: 48 ft.

Accessible: Lower 20 ft. Note casing.

Accessible: Lower 38 ft. Note two sizes

of screen,
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