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INTRODUCTION

Water plays one of the most important roles in the life of mankind,
animals, and plants on the earth. Deny man foods, he can sustain life
for days, but deny him water, he will die within hours. The foods the
soil produces also depend upon water for their growth and their nutrition-
al value, since the soil minerals must be in solution before they can be
used by plant life.

The need for potable water for both domestic and irrigation uses has
greatly increased during the past decades. The water can be taken from
rivers and used after mechanical and chemical treatment through a plant,
but it is expensive for local use and sometimes there is no dependable
available river source. The water is then taken from the aquifers under
ground through deep wells using metal pipe for the most part as casing.
Due to the geological formation of the soil, the producing water soil layer
varies from one place to another and the cost of the well increases with
its depth and diameter. Also the problem of corrosion due to chemical
reaction on the well screen and casing limits the useful life of the well,
For an area that contains corrosive water with high ironm content, a gal-
vanized steel pipe, in most cases, needs to be replaced in four to five
years.

The seriousness of the premature well failure due to corrosion may
be judged by the costs involving the rehabilitation or replacement of the
well casing and the inconveniences resulting from interruption of water
supply during the time that the well is out of order.

Today, through technical development in the plastics industry, many

well companies are turning to pelyvinyl-chloride (PVC) along with other



plastic materials for well casing, but still on an experimental basis
with the limitations of size and depth forlthis application unknown at
this time.

In order to insure the proper use and design of PVC for well casing,
knowledge concerning the forces and reaction of the PVC pipe must be
acquired. This knowledge will enable manufacturers and contractors to use
the plastic pipe as the most economical material for well casing by its
low cost of installation, the elimination of iron bacteria, and the elim-
ination of electrolytic action on the well casing giving almost unlimitgd

well life expectancy.

PURPOSE OF THE STUDY
The purpose of this study was to determine the suitability and limi-
tation of large diameter polyvinyl chloride pipe used as well casing for

water wells.

SCOPE OF THE STUDY

The scope of the study included a determination of the theoretical
forces on a well casing using the most reasonable and accepted theories.
The attempt was then made to determine the validity of these theories by
laboratory and field data.

The study consists of a thorough review of the literature including
the early studies of flexible conduits used for drainage, early studies
of stresses on cylindrical bodies, and the more recent studies of pressure
on well casing.

Experimental data was collected from laboratory testing of 8" and
10" PVC pipe.

Field data was collected from a test well on the Vernon Rechke farm



at Iuka, Kansas. A 16" PVC pipe with a wall thickness of 0.50" was in-
stalled to a depth of 155 feet in this well and the deflection of the

pipe noted.



LITERATURE REVIEW

Any structure surrounded by soil is subjected to earth pressure. The
magnitude of earth pressure depends on the method of burial, the position
of burial, the physical properties of the soil and its interaction with
the structure, and the amount of absolute and relative deformation. The
problem of magnitude and distribution of earth pressure is statically
indeterminate.

The following review of literature begins with a search for a rational
expression for the buckling and failure of long tubes, then to the method
for determining the failure of a flexible conduit, and finally to the

literature concerning polyvinyl-chloride pipe and well casing.

BUCKELING AND FATILURE OF TUBES

In 1848 Fairban (10) reported the collapsing pressures of tubing,
based on experimental data.

Since then, a rational expression for critical collapse pressure has
been the concern of many investigators.

In 1884 M. Levy (14) developed an expression for the collapse of long

cylinders under external pressure which was:

B
1- D 2
N =K

where
P = external pressure
E = Young's Modulus
p = Poisson's ratio
D = outside diameter
t = wall thickness

In 1888, Bryan (4) developed a similar formula for collapse pressure



of long, thin tubes;

2E t E t
B T2 =03 o 107 (D

P = external collapsing pressure, o = circumferential stress
Stewart (24) found an empirical equation for elastic collapse follow-
ing his experiments on lap-welded steel tubes,
P=1,000 [1 -v({1~-16001]. .4 & &+ s &
2
D
(2)

This equation becomes imaginary for D less than 40.
t
Another expression for elastic collapse was given by him as equal

to;
50.2¢10%)
P = L. e e e .
53
t

()

This can also be written

P= 2CE =

1__2
g

1
D .3
t
where C is an empirical constant.

Sturm (25), in his doctorate dissertation, investigated the effect

of the length to diameter ratio L on collapse and gave an expression:

D
[ (LD (ID,? B
p=2E 1 LNt -N2+a% 2L 422 V2L (282 - y) |
L d
where

L = length of the tube

N = number of lobes in which the tube collapses, taken as 2 for
long tubes.

a = a parameter for end conditions, taken as 1 for long tubes as
L increases the factor in brackets approaches 1 as limit.
D



For long tubes, the factor may be given the value of unit, and

P =

-
1-u2 ° D3
t

Clinedinst (5) by the derivation of collapsing pressure for long
tubes based upon the elastic theory basis and both linear and hyperbolic
distribution of stress that occurs with the neutral axis located at the
outside diameter of the tube, arrived at these expressions for collapsing

pressures

-~ Assuming a hyperbolic stress distribution

P=2E 2‘.
1-pZ D
t
D D
with 3 A T 1 15 B
2 D
. 2

BUCKLING AND FAILURE OF FLEXIBLE CONDUITS

The first generally available theoretical study of earth forces on
buried flexible conduits was made by Anson:Marston and A. 0. Anderson
in 1913 (15) which was repo;ted to ASTM Committee C.6 in 1914 (6). In
the early 1900's, engineers in northern Iowa reported widespread structural
failure in pipe lines used for drainage with large diameter and deep
soil cut. They turned to Marston for help. Through investigation,
Marston found that the load due to the weight of the soil column above

a buried conduit is modified by arch action with the result that in some

cases, the load on the pipe may be less than the weight of overlying



columns of spoil. The basic equation which Marston gave for the computa-

tion of the maximum load or rigid conduit was:

I

We = CdyBd?

where |
We = load on conduit in pounds per linear foot
Y = unit weight of soil (pcf)

Bd = width of ditch in feet

Cd = load coefficient which is

1 - e=2Kau' (it/Bd)

Cd = 2Kayp'’

e = natural log base

Ka = coefficient of active pressure which is

’ [=] ¢'
Ka = Tan? {45 —-5J
pu' = coefficient of friction between ditch wall and interior

£i11

H = height of fill to top of conduit

A cross section of a ditch conduit is presented in Fig. 1. The values
of Cd vary with the ratio H/Bd for several kinds of filling materials
having different coefficients of intermnal friction.

For the case of a flexible ditch conduit, the above equation should
be multiplied by the ratio of the width of the conduit to the width of
the ditch (Bc/Bd) which results in the equation

We = CdyBdBe

The theoretical and experimental investigations were continued at
Towa State University as reported by Marston in 1930 (17), Schlick in 1932 (19),
and Spangler in 1941 (Z0).

Spangler developed the first theory of predicting deflections for

buried flexible conduits (21). This theory resulted in a formula known
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as the Iowa Formula;

D1KWer3
El + .06er?

Ax =
when
Ax = horizontal deflection in inches
Dl = deflection time lag factor
K = bedding factor
We = vertical load in pounds per inch

r = mean radius of conduit in inches

- E = modulug of elasticity of conduit material in pounds per
square inch

1 = moment of inertia in (inch)4 per inch

e = modulus of passive resistance of soil in pounds per square
inch per inch

The deflection time lag factor "DI1" in the above equation usually

ranges between 1.25 and 1.50.

"K" or bedding factor is subject to the bedding angle shown below (1)-.

Bedding Angle (degree) K constant

0 O.ilD

30 0.108

45 0.105

60 . 0.102

90 0.096
120 0.090
180 0.083

The modulus of passive resistance "e" is the measure of rate of

change of lateral pressure with respect to lateral displacement (26). It
describes the relationship between the horizontal pressure on the pipe
and the horizontal displacement of that pipe, and it is similar to

Westergaard's modulus of subgrade reaction (29).
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The modulus of passive resistance is a function of the densitvy of
the soil. For a heavy clay in natural state, Spangler (22) found that
the modulus of passive resistance varied from 4 to 8 pounds per square
inch. But when the clay was pneumatically packed, the value of "e'" in-
creased up to 51 pounds per square inch. Early experimental works showed
that the modulus of passive resistance '"e'" varied proportionally with the
density of the soil and depended on soil properties.

The method of analysis and the "Towa Formula" are widely used and
accepted today. Furthermore, it was found that flexible tubing was
practical and in some ways superior to rigid conduit since it mobilized
the soil strength to prevent the deflection of the pipe.

The studies of Holmquist and Nadai (11) and Clinedinst (5) were ex-
cellent in outlining the forces on deep oil well casing, subject only to
hydrostatic pressure stress without a consequent support of the tubing by
the surrounding earth since oil well casing is often placed in oversized
holes in bedrock and is not afforded any lateral support.

When the loading of a conduit is greater than the supportive strength
available to the structure, failure will occur. Flexible conduits will
not fail by rupture because of their ability to deform to a certain extent
without structurally damaging themselves. Flexible conduit failures are
usually defined as deflections ranging from 5 to 20 percent based on the
ratio of the vertical deflection to the diameter of the conduit according
to Watkins and Smith (28).

When a vertical load is applied to a flexible conduit, the vertical
diameter decreases, while the horizontal diameter increases. With continuous

increase in vertical load, the top of the conduit becomes flattened and the



curvature of the conduit will become reversed or inverted. At the occur-
ence of this stage, the sides of conduit will be pulled in toward the cen-
ter, thus negating the passive earth pressure in the adjacent soil. The
available source of supportive strength of the conduilt is now its own in-
herent strength that is not sufficient to resist the load, and the conduit
collapses. Figure 2 illustrates the different stages of failure of a

flexible conduit under wvertical load.

BUCKLING AND FAILURE OF PVC CONDUITS

Through advancement in the plastics industry, conduits now can be’
made of a wide variety of material. The polyvinyl-chloride (PVC) pipe is
a thermo plastic pipe.

Research has indicated that PVC has desirable characteristics for well
casing. The PVC retains its flexibility at -40° F. and its rigidity at
+150° F. (8). It also retains a tensile strength of 3000 psi at 212° F.,
has a modulus of elasticity of 400,000 to 480,000 psi, and is highly resis-
tant to many chemicals (2).

Howard and Selander (13) found that plastic and steel pipe deflected
the same amount in high density backfill. They found that PVC pipes with
ring stiffness value of 7.0 psi and steel pipe would deflect similarly.

Watkins and Smith (27) concluded that ring stiffness is more impor-
tant in loose than in dense soil and that wall thickness has a minimal
effect in high density soil. Howard (12) found that flexible pipe with
moderate ring stiffness factor (RSF > 10 psi) failed eliptically while thaose
with low ring stiffness factors (RSF = 2 psi) failed in rectangular fashion.

Moser, Watkins, and Bishop (18) tested PVP pipe in size from 12" to

24" diameter and reported a strange phencmena. Pipe with a diameter
P P



Fig. 2.

Stages of deformation of a flexible conduit,
(Taken from Spangler and Handy (23).)
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to thickness ratio (D/t) of 37 to 38 deflects less than pipe other with
other SDR values at constant soil pressure or overburden load. This

result Is {llustrated in Fig. 3, which shows that the strain (or per-
centage deflection) in the PVC pipe walls decreases with an increasing

D/t ratio until the curve reaches a ratio of 37 to 38, the strain then
increases with increasing D/t ratio. The authors explained this by

stating that a stiff pipe would act as a rigid body concentrating pressures
while a more flexible pipe would yield to the hard and soft spot in the
soil, thus losing the ideal elliptical shape but in turn meobilizing all

the available soil reaction to prevent further failure.

In 1975, an investigation by Erikson (9), using a sand with an angle
of internal friction of 40.5°, found the adhesion between PVC pipe and sand
to be 3.4° radially. From this it was concluded that the soil surrounding
the pipe is free to move peripherally around the pipe to adjust hard and
soft spots much more effectively than would be possible with rough pipe.

Duryee (7), in a companion study found that the soill particle relative
movement in deflection 1is directly proportiocnal to the density of the soil
and the size of the pipe. This study was carried out to deflection %X_ of
0.14 with no failures of PVC pipes of various ring stiffness,

It was concluded from these studies that plastic pipe is superior to
steel in poor bedding condiéions, since the so0il can adjust more readily
due to the low adhesion between pipe and soil and furthermore that large

diameter plastic pipes are much superior to large diameter steel pipes.

BUCKLING AND FAILURE OF A WELL CASING SUBJECTED ONLY TO EARTH PRESSURE
A well casing is a vertical buried pipe subjected to lateral earth
pressure,

The earth pressure on cylindrical surface was computed by Beresantzev (3)
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in 1958 by the formula:

eI A-1 :
Or = TY A fal [} -(EE }‘+ q( EE) + C cot ¢ [kfb)k Ka -1

where

oy = hurizontal radial stress
r = radius of pipe
Y = unit weight of the soil
Ka = coefficient of active earth pressure - tan?2 (45° —-%)
tb =1 + z/ Ka
= 2 tan ¢ tan (45° +-%)

A
¢ = friction angle of the soil
q = uniform surcharge

c

= cohesion

Using the formula of Beresantzev, it is found that the vertical and
horizontal stress on well casing increases downward in a parabolie fashien
and that below a relatively shallow depth the stress becomes a constant.
The horizontal radial stress on a well casing is dependent upon the friction
angle of the soil as shown in Fig. 4.

At a depth of some 2 or 3 times the radius of the casing, the change
1s insignificant for most sands used in a gravel packed well.

The earth pressure on a 16-inch diameter well casing in sand having
a friction angle of 40° does not exceed 12 psf which is insignificant.

It is concluded from these investigations that a well casing with a

reasonable ring stiffness cannot fail by horizontal earth pressure alone.

HYDRAULIC PRESSURE ON WELL CASINGS

During the drilling of a well, drilling mud is generally used to pre-
vent Fhe hole from collapsing. After thé installation of the well casing
pipe, water or drilling mud fills the inside of the casing and equilibrium

is still maintained. Compressed air is generally used to develop fresh water
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in small diameter wells. The compressed air mixed with the water at the
bottom of the well reduces the specific gravity of the fluid and makes it
rise to the ground surface. In large diameter wells the well 1s cleaned
by pumping. The F~17 Committee on Plastic Piping Systems (6 ) considered
two limits for collapsing pressure.

The first limit is when the drilling mud is in near liqﬁid state and
there is no support of the gravel pack around the well casing, then the

eritical collapse pressure is given by the equation:

B = 28, 1
-2 b(b _ 1)2
t't
or
Pc = 2§-2 k y
1-u“ °  SDR(SDR - 1)¢

Pc = eritical collapsing pressure, in psi

E = modulus of elasticity, psi

i = Poisson's ratio

D = outside diameter of the well casing pipe, in.
t = thickness of the well casing pipe, in.

SDR = standard dimension ratio = D
t

This is an expression given by Clinedinst assuming a linear stress
disfributionn

The second limit is when support of the gravel to the well casing pipe
is considered. Due to its flexibility, any decrease in diameter of the well
casing pipe at any point due to a collapse is accompanied by an increase
in the diameter of the pipe at right angles and the well is prevented from

collapsing by the passive pressure of the soil. The ultimate resistance
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to collapse is obtained when the gravel pack around the well casing holds
firmly the well casing pipe from getting out of round.
The critical collapsing pressure is then equal to the crushing strength

of the wall of the well casing pipe and is equal to:

pe 2t x 2000
D
or
Pe = 2.X 2000
SDR

Pc = critical collapsing pressure, psi
t = wall thickness, in.

2000

design of stress of thermo plastie material from PPI - TR4,
August, 72

SDR = standard dimension ratio = D
t

Due to the insignificant value of the active earth pressure, the
critical collapsing pressure here is equal to the difference of head of

fluid between outside and inside of the well casing.
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DESIGN OF EXPERIMENT

The design of the experiments for this thesis had to be within the
constraints of limited funds for testing procedures and the urgency of
obtaining practical information that could be used immediately for writ-
ing specifications to govern the use of plastic tubing for well casing.
During the preparation of this thesis the States of Nebraska, Colorado,
and Kansas accepted the use of PVC well casing with certain limitations
while at least Illinois and Arkansas rejected its usage. In February, 1976
the matter was considered in San Diego, California by the American
Society for Testing Materials and a national SEandard for plastic well
casing has been tentatively approved by that group.

The design of experiment for this thesis consisted of three distinct
phases:

1. To find and verify reasonable formulas that could be used to de-
termine the forces on well casings from a purely mathematical-mechanical
standpoint.

2. To test large diameter, high SDR ratio pipe in the laboratory
for ultimate strength and to establish a reasonable deflection to be used
as failure criteria.

3. Toinstall and check large diameter PVC wells in the field measur-
ing their performance and the problems of installation.

The first part of the study was completed by Williams & Dao (30) which
was presented at San Diego and after careful study was accepted by ASTM
as a gulde for forces on plastic well casing.

The laboratory study of the PVC pipe was limited to pipe that could
be obtained in thin wall and large diameter sizes. The pipe tested con-

sisted of twelve pieces of PVC pipe produced by Peerless Plasties Company
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of Garden City, Kansas. There was an equal number of pieces of eight and
ten inch outside diameter pipe with SDR of 42. The pipe was tested in a
soil bin as shown in Fig. 5.

Four load-deflection determinations were made for each size of pipe.
A single test well was emplaced to a depth of 155' using 16" SDR 32
pipe at Pratt, Kansas. Data from three experimental wells was furnished

by Jet Stream Plastics, Siloam Springs, Arkansas.
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PRESENTATION OF DATA

LABORATORY TESTING
Load testing of the PVC pipe in the soil bin was conducted with a
single type of soil; a river sand from the Kansas River Valley at Manhattan,

Kansas. This sand had the following physical characteristics:

Natural Moisture content (w): 3%

Specific Gravity (Gg): 2.62

Atterberg Limits: Non-Plastic

Cohesion (c): 0.0

Internal Angle of Friction (¢): 38°

Maximum Dry Density (ASTM D-698): 113.5 Pef

Optimum Moisture: 11.5%

Classification: AASHO Ala
Unified SW

The laboratory data sheets for these tests may be found in Appendix A.

The PVC pipe embedded in this sand was loaded in the soil bin with
four replications for each test. The results of these load tests are
shown in Figs. 6 and 7.

The laboratory data collected is shown in Appendix B.
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FIELD TEST

PEERLESS PLASTICS TEST WELL

The irrigation test well was drilled on the Vernon Rechke farm, Iuka,
Pratt County, Kansas, on June 15, 1976. The well was drilled with a 28-
inch diameter drag bit with reverse circulation and mudded with bentonite
to prevent the wall of the hole from collapsing.

The total depth of the hole was 155 feet and the stratum is as followed:

Depth Description
Ground to 4 feet Top soil
4 to 80 feet Brown clay
80 to 90 feet Sand & Gravel - medium coarse
90 to 100 feet Sand & Gravel - with white
clay bands
100 to 120 feet Brown & White clay
120 to 150 feet Sand & Gravel
150 to 155 feet Brown clay & shale

The bore hole was cased with the 16" polyvinyl-chloride pipe with a
O.S'inch wall thickness imprinted 1120 SCH-D-1785. This pipe has a SDR
32. The well screen consists of two 20' perforated pipe casings. The
perforations consist of sawed slots 1/8 inch wide that are 3.75 inches
wide inside and 4.00 inches long outside of the pipe. The slots are ar-
ranged in horizontal rows around the pipe with eight slots per row. The
rows of slots are 3/4 inch apart measured vertically.

The drilling contractor elected to set a twenty foot screen with the
end closed by a plastic cap, then a twenty foot unslotted pipe followed by
the second twenty foot perforated screen.

The pipe was joined by an eight inch coupling with two coats of sol-

weld cement applied to both male and female surfaces. Each joint was
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then fastened by three 3/4 inch screws and allowed to set for 5 minutes
before the pipe was lowered. The well was immediately packed with the
gravel from the bottom to a point 20 feet below the ground surface.

Samples of gravel pack and water producing sand were taken for
grain size analysis with the results given in Appendix C.

The well was cleaned and put into production on June 22, 1976 by pump-
ing with a 12", 4 stage turbine pump. The water became clean after 20
minutes of pumping and there was no noticeable sand.

The static water level was 53 feet before pumping and the following

record was found for the Test Well over 1 1/2 hour of pumping.

Gallon per Minute Drawdown
0 0 feet

600 mw "

700 8 "

800 20 "

1000 25

1200 29 "

1400 s “

The pump was cycled several times from O teo 1400 GPM to check the
external static pressure on sudden drawdown and no adverse effects were
noted. The well was grouted on June 24, 1976 with 4.5' thick collar of
ready-mix 3000 psi concrete emplaced at the 20' level, then with well
cuttings up to 4' level. The top 4' was grouted with concrete and a
4' x 4" x 0.5' slab was cast around the head above the ground surface.

The heat of hydration of cement is 50 calories/gm cement. This will
theoretically raise the temperature of the pipe 14.14° during the grouting.

Drilling tools lowered into the completed well indicated that the
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pipe casing is plumb and there 1s no deflection at the present time.

A cross section of the test is shown in Fig. 8.

JET STREAM PLASTICS EXPERIMENTAL IRRIGATION WELLS

The Jet Stream Plastics started its experimental program on large diam-
eter PVC pipe for well casing in March, 1975. Three experimental wells
were put down in Nebraska, and two have the following characteristics:

Experimental Irrigation Well #1

Date installed

Site

Augafier (water bearing strata)
Diameter of bore hole

Depth Cased
Slotted
Solid

Type casing

Slotted
Solid
SDR

~ Gravel pack

March 5, 1975

4 Miles NE Bartley, Nebraska
Medium gravel

26"

196"
30'
166’
PVC

1/8" slot 7 1/2% total opening
15.3 OD 14.481ID ,410 wall
37

Class "A" road gravel

The well was test pumped with turbine power and produced 2356 GPM. A
drawdown of 42' was observed after testing was completed.

Experimental Irrigation ¥Well #3

Date installed May 1, 1975
Site 5 Miles east of Atkinson, Nebraska
Augafier Fine, Ogalalla sand.
Diameter of bore hole 28"
Depth cased 342"
Slotted 120!

Solid 222!
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T

Experimental Irrigation Well #3

Type Casing PVC
Slotted 1/8" slot 7 1/2% total opening
Solid 15.3 OD 14.48 ID .410 wall
SDR 37

Gravel Pack Class "A" road gravel

The well produced 1100 GPM with 88' of drawdown and 1600 GPM with
103" of drawdown. The pump was cycled several times from 0 to 1000 GPM
to check the lateral static pressure on sudden drawdown and no adverse
effects were noted.

The third Experimental Irrigation Well was a 100' depth well put down
at Wayne, Nebraska. The well was reported quite successful and produced
675 GPM when completed, but no new information was obtained from it.

The Jet Stream Plastics reported an excess of 300 successful instal-
lations with 15" and 16" PVC casing by some 25 different drillers with

depths ranging down to 480' and an average of 200'.
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ANALYSIS OF DATA

(A) LOAD TEST

From the results of Load test, the 8" PVC and 10" PVC SDR 42 pipe
surrounded by sand and under a uniform vertical pressure of 34.72 psi
would deflect about 0.0l or 1 percent. Each time the test was repeated,
the sand got denser and the PVC pipe deflected less than the previous
time. The test also showed that these 8" and 10" PVC pipe surrounded by

dense sand could support adequately a pressure of 35 psi.

(B) FIFLD TEST

Thé Peerless Plastics and the Jet Stream Plastics tests used 16" PVC
pipe with a SDR 32 and 37. Field test data showed that these pipes per-
formed successfully for water well casing.

The depth of the wells varied from 100 feet to 342 feet, the draw-
down was 35 feet at a production of 1400 GPM with Peerless Plastics Test
Well and 103 feet at a production of 1600 GPM with Jet Stream Plastics
Experimental Irrigation Well,

From the results of these test wells, an important role in the supporting
strength of the pipe must be given to the gravel pack and the surrounding
soil around the pipe. The radial active earth pressure on pipe as pointed
out by Beresantzev, was insignificant. The lateral earth pressure formula
for lateral constraint for retaining wall key is, however, quite large and

is computed by the formula
o i
Ep = -5 tan (45° + 2)

thus, a well casing in granular soil has a radial compression restraint
that increases considerably with depth and prevents the deformation of

the pipe which is required for any type of failure except crushing of the

pipe.
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This allows a differential head of water in excess of 288 feet with a 16"

PVC SDR 32 pipe and 249 feet with a 16" PVC SDR 37 pipe, using the formula

2 - 2000

Pe = “5iR

before significant strength is introduced into the pipe.
The differential head of water caused by sudden drawdown during the

above pumping tests were far below the critical collapsing pressure of the

well casing pipes.
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CONCLUSION

It 1s concluded that Polyvinyl-chloride pipe is useful as a water
well casing to unlimited depth from the stand point of earth pressure.

The soil surrounding the well is expected to offer significant strength
to restrain deflection of the pipe, but the gravel pack must be well graded
and installed with caution to avoid bridging.

The sudden difference in hydraulic head inside and outside the casing
is of prime importance but when the passive resistance of the earth is
considered, acceptable values for practice use are obtained.

A large 16" PVC SDR 41 pipe will perform adequately to a depth of some

500 feet.
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RECOMMENDATION FOR FURTHER STUDY

Although the successful result of the use of large dlameter polyvinyl-
chloride pipe for well casing, it is strongly urged that careful Instrument
well casing be emplaced and tested. The study should be continued and that
a 16" PVC SDR 41 pipe be tested.

It is anticipated that a national standard for plastic pipe used as

well casing will soon be accepted.



34

ACENOWLEDGMENT

I wish to express my most sincere appreciation and gratitude to
Professor Wayne W, Williams for financial support, encouragement, precious
advice and guidance for all steps of study and various forms of assistance
for my family.

To Dr. Robert Snell, for making it possible for me to enter Graduate
School.

To Dr. Edwin C. Lindly for reviewing the manuscript.

To Peerless Plastices Co. of Garden City, Kansas for financial support

of the research.



Appendix A

Physical Characteristics of the Sand
Used in the Soil Bin
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TABLE T

MOISTURE CONTENT

36

Determination No. 1 2 3

Weight of can plus 248.11 207.24 200.15
wet sand, in grams

Weight of can plus 241.83 202.82 195.63
dry sand, in grams

Welght of 52.47 50.49 49.83
can, in grams

Weight of 6.28 4.42 4.52
water, in grams

Weight of 189.36 152.33 145,80
sand, in grams

Moisture content 3.00 2.90 3.10
(percentage)

Moisture Content =

3.00%




TABLE IL

SPECIFIC GRAVITY

37

Determination No. 1 2 3
Bottle No. 6 8 5
Weight of Bottle + water 705.09 715.29 704.25
+ soil, Wj, in grams
Temperature, T, in °C 30° ¢ 30° ¢ 30° ¢
Weight of Bottle + water, 674.00 684,35 673.27
W2, in grams
Weight of Soil, Wg, 50.00 50.00 50.00
in grams
Specific Gravity of «3957 .9957 .9957
water at T, G
Specific Gravity of 2.63 2.61 2.62
soil, Gs
GTws
G, = Gg = 2.6

s Wg — W + Wy
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TABLE 1V -

COMPACTION TEST

Density
Determination No. 1 2 3 4 5
Wt. mold in 1b. .78 9.78 9.78 9.78 9.78
Weight mold + compacted 13.61 13.75 13,82 13.92 14.00
sand in 1b.
Weight compacted sand 3.83 3,97 4.04 4.14 4.22
in 1b.
Water content 5% % p4 10.4% 11.4%
Wet density, psi 115.00 119.00 121.00 124.00 127.00
Dry density, psi 109.00 111.00 112.00 113.00 114.00
Water Conten
Determination No.
Weight in grams 21.71 20.42 21.62 21.61 21.23
Weight can + wet 75.85 65.21 83.88 108.62 149.17
sand in grams
Weight can + dry 73.18 62.15 79.28 100.45 137.09
sand in grams
Weight water in grams 2.67 3.06 4.60 8.17 13.09
Weight dry sand in grams 57.47 41.73 57.66 78.84 114.86
Water content 5% 7% 8% 10.47 11.47%
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Original proving ring reading:

Proving ring calibration factor:

2

TABLE 5

DIRECT SHEAR

0 103 in. 1bs.

0.323 1073 in.

Cross section area: E%— = 0.7854D2 = 4.91 in.2

&4

Normal Load

Normal Stress

Load Ring

Horizontal Shear

Shear Stress

Kg. (psi) Dial Reading Force 1bs. (psi)
4.b44 Kg. 1.99 25 8.08 1.64
20.44 Kg. 9.16 108 34.88 7.10
36.44 Kg. 16.33 205 66.22 13.49
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Appendix B

Results of Load Tests
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Appendix C_

Grain Size Distribution of Gravel Pack
And Water Producing Sand
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ABSTRACT

A well casing is a buried structure subjected to earth and hydraulic
pressure. The purpose of this study is to analyze these forces on and
reaction of plastic pipe well casing, and to suggest the suitability of
the polyvinyl-chloride pipe with large diameter for deep well casing.

Laboratory tests gave an expression of the supportive strength of
an 8" and 10" polyvinyl-chloride pipe when surrounded by dense sand.

The Field Test wells recorded the performance of the 16" polyvinyl-
chloride pipe used for well casing with different depths varying from
100" to 342'.

With the success of these experimental wells and the continuous
progress in the plastics industry, the polyvinyl-chloride pipe with larger
diameter will be used as well casing, giving to the well contractors an
economical material due to its low cost of installation, the convenience

in the handling, and its long life expectancy.



