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PREFACE

In March 13, 1957 the writer contacted Mr. Joe L. Mogg, Edward E.
Johnscn, Inc, 5t. Paul, Minnesota, seeking his advice/fo: a thesis subject
at the level of the Master's Dégree.

Later on Mr. Mogg reﬁlied suggesting that the writer could work on
investigating a method for gravel placement in water wells with the least
amount of segregation. He showed that segregation is a problem facing the
water wells industry in the Southwest, of the United States,and The Sahara.
He offered to provide the material,end the equipment, proposing building =

model well and conducting the experimental work at their plant in St. Paul.

On May 23, Mr. Bently approved the offer, and on the 27ih of the
same month the writér left to St. Paul, Minnesota. By the second week of
June the ratéJAf fall megsuring apparatus (Plate 2), was completed. In a
two weeks period the ten experiments of the rate of fall of the gravel part-
icles and other eight experiments,that are not included in this papeg'were
conducted.

By the first week of July the model well was built. The three experi-
ments on ‘the rate of fall of the gravel particles took about a week. The
gravel placement experiments required the rest of the summer. It took more
than a week to dismantel the model well for extracting the gravel sectiouns
after each test and then reassemble it again for the next test. Working
over the roof was dangerous. Transfering all the materials plus instauling
a pump and its connectlons over there took a considerale amount of time.

By the end of the summer all the experimental data was colleéted. The
ﬁriting and discussing the results. were made during the fall of 1957. Mpre
tweleve experiments were not required in this paper so they were mailed back

to Mr. Mogg, Edward E, Johnson, Inc, St. Paul, Minnesota.
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CHAPTER I

INTRODUCTION

Objective
"The objective of this study is to find an econemical method for
gravel placement in water wells with the least amount of segregetion'

What is a gravel pack, and why is it used ?

The mein funection of a water well is fo give the required.amounts of
water for irrigetion, domestic use, or whatever its purpose may be. This
requires the use of large screen openings. Large screen openings are poss-
ible to have whenever the formation is of coarse structure, but if the form-
ation material waévfine large screen openings cannot be done; and it presents
a problem. As a solution to this problem the idea of having another screen
of coarse gravel particles adjacent to the screen was adopted. Using this

sd?génﬂbiigﬁaﬂelgarge secreén ppenings were possible, and ample quantities of
water were pumped. :

This idea started fifty years ago in Kansas and Arkensas, where large
Quantit%esﬂof weter vere needéd*fdf"thexrice-ihdustry,~and it proved to be
successful.

This screen of gravel is called gravel pack, and sometimes is referred
to aé "gravel envelope", "gravel treatment", "graﬁel filter" or similar terms.

Its main function is to increase ﬁhé specific yield of the well by allowing
the use of large screen openings.

After this introduction about the gravel pack and its use, the reader

should know about its design as an aid to the gravel placement study.



The Design of a Gravel Pack

To design a gravel pack the following points should be cosidered:

(4) The type of the gravel pack

There are two tYpes of gravel packs: thé uniform grain-size pack,and
the graded grain-gsize pack. The uniform grain-size pack is composed of a
uniférm grain gize, and the gradeé graiﬁ-size pack is’cémposed of different
sizeé gfadéd according to a designed curve or certain fatios of each size,
Each of these packs has its advantages and disadvantages. The Bﬁreau
of Reclamation in its laboratory tests on protective filters for hydraulic
structures found that the major differences between the uniform grain-size
pack énd the graded.grain~sizelpack are:
(1) The uniform grain-size pack has practically no segregation during its
placement while the graded grain-size pack gives & segregated pack,
(2) There is practically no settlement, or a very negligible amount, during
operations using the uniform grain—size p;cko
(3) Under the i?me conditions the capacity of the uniform grain-size pack is
greater than the graded grain-size pack, | |
These points show that the uniform grain-size pack has many advantages,
but its lack of availability is its great disadvantage, meanwhile, segregat-

jon is the drawback for using the graded grain-gize pack.

(B) The strucrure of the gravel pack

Several studies have been made concerning the structure of the gravel
pack and the actual conditions of the formation in which it will be placed.

The studies made by the Bureau of Reclamation recommended that the grain
size (ratio of 50% size of the pack to 50% size of the formation material)

must be between 5 and 10,



(9]

The Soil Conservation Service of the U, S. Department of Agriculture
found a very little sand moveménts with the ratios of 3,6 to 8,75 for the
coarge formation material, and fatios of 3.8 to 6.4 for the fine forma£ion
material,

The U, 8, Waterways Experiment  Station concluded that a fine material will
not waéh through a filter material if the 15% size of the filter material
is less than five times as large as. the 85% of the base material, They
reaffirmed.this conclusion in their field laboratory investigations of the

design criteria of water wells,

(C) The thicknegs of the gravel pack

About 15 years ago K. E. Hill of College of Mining, University of
California investigated the thickness of the gravel envelope that is regquired
to produce a successful screen. Assuming that the gravel of the proper grain
size is used, a uniform thickness of as little as 4 an inch around the screen
proved to be sufficient.. Obviously the placement of a gravel envelope only
% an inch thick is not practical in the construction of a well, However,it
can be concluded that a pack can be as thin as it is practical to put in place
under job conditions.. More often job conditions recommended a minimum pack
thickness of about three inches.

Studies made by Mr. Gartonj,School of Agricultural Engineering, Oklahoma
State University, indicated that increasing the pack thickness from 3" to 6"

will increase thé.yield.by 9% only,while it will cost about three times more.

Hence the idea.of using a thick gravél pack . should be abandoned forever, -

(%) Unpublished paper.
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(D) The permeability of the gravel pack

The pack should have a higher permeability than the formation., Studies
proved that if the pack was 20 times more permeable than the {
the resistance to flow would be negligible,

The criteria used by Edward E. Johnson, Inc. result in gradings that are
50 to 100 times more permeable than the formation. High permeability is made

by using a low uniformity coefficient.

(E) Terms used in describing sand and gravel

Correct descriptions of sand and gravel sizes are important. The following
gradings cover most sands and gravels, and describe thelr sizes in terms ordinar-

1y used by engineers, well drillers, and others interested in these things.

Slot size in inches

Coarse gravel, average diameter ...ce.soeece.vsavconssas.oe 0. 187,5 and up.

Medium gravel, n " cossossecenersssscsasacesas 0,187,585 to G080
Fine gravel, " " osiossccscecsssassirascnsso U080  to 0,040
Coarse sand, " " coovcscasasoes ssessscsssrce U040 to 0,020
Medium sand, " " cosocsaseasssascsonsconsasa WeOR0  to 0,010
Fine sand, " " coecessacosesssssassccsnsse 0.0L0 to 0,004
Very fine sand, " " tesccssesoscsascasssssossss 0,004 to 0,002

Silt, " " sossscocascssecasscssscssas 0,002 and finer
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It was noticed that many gravel packed wells failed due to sand pumping
or being cloggedg.although the pack was well designed, Analysis of the pack
after settlement showed that the coarse particles were accumulated at the
bottom while fine ones remained at the top, which means that the pack was
segregated as shown in Figure (1).

Pack segregation was referred to the method of placement, and research
was needed to find a proper method for gravel placement that gives the least
amount of segregation. |

The objective of this study is now understandable, it is to find a
method . for gravel placement that gives a pack with the least smount of |
segregation, which should be inexpensive or economical ot the same time,

Four methods were selected to be tried experimentally and to find
which one will give the 1eastvamouﬁtjof-segregationﬁ They ares
(1) The bailing method
(2) The tremie method
(3) The pump method

(4) The package method



Plate (1)

A segregated pack with the coarse particles
at the bottom and the fine ones

at the top.



REVIEW OF LITERATURE

A study of gravel placement is nqt a spudy of settlement. It is true
that settlement is closley related to g;avel placement but each one forms a
separate subjeet. It is quite enough for the study of gravel placement to
know hew a particle will behave while settling and the factors affecting its
rate of fall. .

It should be uﬁderstood that it is out of the scope of this paper to
do experiments or derive relationships or equations for settlement. But due‘
to the relation'between settlement and gravel placement this chapter has been.

written to review the work done on settlement.

Laws of Settlement -
(A) Stokes' Law
Thevciassic formula for settling velocities is that made by Stokes’
which he develaped in‘185i. He considered the particle to be falling under
ite weight and to be resisted by the force of viscosity of the liquid.

Equating these 'two forces he derived his formula that followss

szt v 1-1-/5771«5(;;\"('5; d)

or v=2/9(D~d)g rg/s

where v = rate of fall in cm/sec.,
D = density of falling sphére
d = density of the medium
g = acceleration of gravity (980 cm/sec?2)

r = radius of falling sphere

6]
1

= yiscosity of the medium.

7



Several agsumpltions underlie Stokes' Law, and it is imporitant to consider

them, These assumptions ares

(1) The particle must be spherical, smooth aud rigid, and there ghould be
no slipping between it and the medium,

(2) The medium should be considered homogenous in comparison to the size
of the paricle.

(3) The particle should fall as it would in a medium of unlimited extent.

(4) 4 constant rate of fall must have been resched.

(5) The settling velocity must not be too great.

Agsumption (1) is satisfied to the extent that the particles are
wetted by the liquids commonly used; and no slip between any of thenm
happens. But the condition that the particle be a sphere is the least
satisfied and it introduces several difficulties since no gravel particle
is a perfect sphere.

Experiments made by Schone, Hilgard, Owensy; Atterberg, Boswell and
Richard showed a fairly close agreemént between the values computed by
Stokes'! Law and their experimental data wntil a dismeter of 0.05 mm,

. Hence Stokes! Law was practically limited to particles of 0.05 mmovdiametef
or less.

Assumption (2) merely states that the distance between the molecules
of the fluid must be small compared with the gsize of the particle, which is
fully satisfied in general.

Assunption (3) is concerned with the change in rate of fall due to the

o
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=z of the liquid container wall to the particle. Lorentz studied the
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o
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f & pariisle falling parallel to a plain wall, His studies furnished

-

the foliowling faotlss
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(1) The effect of wall nearness is to reduce the rate of fall. This reduction
is greater the nearer the particle is to the wall, until it reaches at e
certain distance after which there will be no effect.

(2) The effect of the wall nearness varies with the size of the particle.

Ludenburg approached the problem from the point of & sphere of radius

(r) settling in a cylinder of radius (R). Experiments made by Arnold accord-

ing %o Ludenburg idea showed that the fate of fall is not affected unless

when the radius of the particle equals 1/10 the radius of the cylinder.
Assumption (4) states that the constant rate of fall must be reached.

Weyssenhoff computed an equation that proved that for 'a particle of 0.05 mm.

only a distance of 0,003 mm. is required to achieve constant velocity. Hence

this assumption needs no consideration,
Assumption (5) provides that the motion should be slow. This restrict-

ion is made on Stokes'

law because he did not consider the drag forces that
affect particles falling at high speeds. These forces are considered in the

formula made by Rubey in 1933 , that follows,

(B) Rubey's Formula |
| ‘In 1955 Rubey derived a general formula that agreed with the observed

rates of fall over a widerrange than Stokes' law. He considered the forces
acting on fhe particle to bs the sum of the viscous resistance and the impact
of the fluid. ZEquating this sum to the weight of the perticle he derived the
Porrmula lnown by his neme and that folléws:

L3 T p? (D-d) g=67Tr s v+ ~ v2 a

- 1/2
or v=(4/3gd (D-4d)r’+9 82 + %8) /4 r

(Symbols have the same significance as in Stokes' law)
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Figure (1) adopted from Rubey's papers sﬁows the gradusl trensmition between
the range‘of viscous resistance and the fluid impact. The heavy line agrees
with the settling velocitles for quartz and galena aé were observed and Rubey's
calculated figures.

(C) Wadell's Work

The ﬁost recent work on settling velocities has been made by Wadell.
He opened a new approach to the problem, by examining the functional relat~-
ionship between the coefficient of resistance (C) and Reynold's number {R).
The coefficient of resistance is defined by squating the force producing
motion to & sphere +to the force reslsting its motion expressed as a coeffic~
ient of résistanee times the dynamiec preasure acting on the cross-sectional
area of the spheresi.e. 4/3 T2 (D-d) g=2¢ W’r2 v2 a/2

or C=8/%g (D~-d)r/d v

Reynolds number is defined in terms of the sphere radius, its velocity,»its
density, and the viscosity of the liquid, or. R = 2 r D/s it is a dimension-
less figure. |

Wadell plotted a number of settling velocities and the radii of the
settling particles in terms of R and C with R as abcissa & C as ordinate on
log-log paper. From these graphs he developed an emperical formula for set-
tling velocities, which not only extended +the rate of settling velocities
to much larger diameters but also enabled him to elucidate the influence of
the shape of the particle. Wadell wrote hisg formula in terms of a correction

to be applied to Stokes' law, which is:

g ‘ 0.69897
R=r (1+0.08(2rvd/s)
wher2 R = the actual radius
r = the radius according to Stokes' law

]

v = actual settling velocity.
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Plotting Stokes! law, Rubey's formula, end Wadellis emperical formula
on the R ~ C curve shown in Figure (2) we notice:
(1) Btokes' law agrees with the emperical formule only till the values of
R = 0.2 which is a very low value.
. 5
(2) Rubey's formule agrees with the same formula till the values of R = 10,

(3) Beyond 107 the curve shows an abrupt change in shape due to the attack

of the turbuleace flow in the boundary layer at the fromt of the sphere.

Shape Factor
The shape of the gravel particles meake them not applicable to the
previous laws. To find the effect of a particle shape on its rate of fall
the following shape factor form has been developed:

Shape Factor (S. F.) = ¢c/a b

where ¢ = longest axls of the particle
b = intermediate axis
¢ = shortest axis of the mutually

perpendicular axes of the particle,
It should be understood that this shape factor relates only three of the
multitude number of dimensions of the particle. There may be rounded, rough,
smocth, or angular particles of the same shapé factor.
There are other shape factors based on roundness, spherity, or other phsice«
al characteristices of the particle but they do not adequately define its
shaps Tor lydreulic studies. This shape factor is the best for the studies of
rate of fall since a & b are the most important dimensions that form the
projected avea of the particle which affects the drag force. Curves are
svailebis Ffor Reynold's number (R) against the drag coeffecient (C) for the

ifPerent shepe factors.

(&5



The Behavior of the Settling Particles and the Mechanics of the Fluid

If e body moves through a fluid or a particle falls in it; the fluid will be
.accelerated from_pléces of higher pressure to‘places of lower pressure, This
acceleration is such that where the pressure is high the velocity is low and
vice versa. The mathematical equation for +this relation is:

) 2
P+1l/2dv =H

where P = static pressure
v = liquid.velocity
d = liquid density
H = total head

If the velocity of the particle is high enough it will cause much press—
ure reduction forming a vortex around it's zone. In case of a group of part-
icles settling at the same time each one‘wiil have a vortex tail for itself.
The intérference ofnthese vorticis will change their rate of fall,

This pattern of motion has been analyzed by van Kermen. He made a conclu-
sion that the relative spacing in two directions (shown in Figure 3) is relat-
~ed by the relationship a/b = 1/7 cosh™ ™ vV 2 = 0.2801. He also obtained an
equation for the system velocity V, which is V = I/b /"8 where V = the
velocity of the vortex, I = vortex intensity, and b = the longtudinal spacing
between the particle and its neighboring one. The values of V were found to
be smaller than the particle velocity, hence the vortex velocity is smaller

the particle veloclity.

3

gravel belng ploced at a time and how the rate of fall of each particle will

g if thelr vortices interfered. This is more evidenced in the case
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CHAPTER III

SETTLEMENT OF GRAVEL PARTIGLES BEING
PLAGED INDIVIDUALLY
Objective

Gravel particles are not spherical in shape. Their size is defined by
the sizg‘of the sieye opening,e.g. & particle of 0.525" size means that it
can be refainédion.a sieve of 0.525" opening. DBut this size is not the
only dimension of the particle.

Moreover the particle may be smooth, rough, or of any surface condition,
‘angular round or of any irregular shape. Also a batch defined by one sieve
size will contain particleé that are larger +than this size, and smaller
than the preceding sieve size. These particles will have different specific
weights.

This shows that gravel particles vary from spheres in nominal dimension,
ghape, surface condition, and specific weight,

The best approach to study the settlement of the gravel particles is to
find a coefficient that covers all these variations. This coefficient can
be found by two ways, either having a special coeffizient for each particulsr
particle or having an average coeffizient for each group of particles of
one avergae size. The first way is iﬁpossible;but the second can be achieved
by finding the average rate of fall of a group of particles of one average
size, This coefficient will be called the particle coefficient (P. C.).

The objective of this chapter is to study the settlement of the gravel
payrticiss and relate the results to the settlement of the spheres through

the pariicle coefficient.

14
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Procedures Q_Agpgratué
The apparatus used consisted of a plastic tube 5 3/4" diameter and 50!

long as shown in Plate (2). 4t the top of the tube there was fixed a hopper -
like mechanism tﬂat»could be opened and closed by a'string at the level of
the tube bottom. This arrangment was made for asccurate vision of the particle
at,its/final settling pointg as well ag dropping the particle at the same tim§
of starting the stop watch. The apparatus was kept perpendicular by.a'mater
balance (Plate 3)3; it was also well set up such that it does not shake and
cause turbulence to the fluid.

Procedures for running the experiment were :
(1) The sample was obtained from different parts all over the éountry, tims

it included all kinds of .rocks, shapes, and surface conditions. To limit
the variation in size the average size between each two successive sieves

was congidered as follows:

‘Sieve Size (inches) Average Size (inches)
Pasging Retaining
0,750 | 0.525 0.637
0.525  0.371 | | 0.448
0.371 0.263 0,317
0.263 0,185 0.224
0.185 0.151 ‘ 0.158
0.131 0.093 0.112
0.09% 0,065 0.079
0.065 0.046 | 0,055
0,048 0,033 | | 0,040

0.G53 _ v 0.023 _ : 0,028
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Plate (2): Rate of fall measuring apparatus
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Plate (3)
Leveling the settling apparatus

before conducting the test
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(2) Ten particles of each size were placed through the hopper—like mechanism.
In cage of large particles one was placed at & time, but in cage of gmall
or fine ones a group was placed at a tims.

(3) Time taken by each particle until it reached ths bottom of the tube was
measured by the stop watech. In case of fine particlesswhen a group was
placed at altimq,an average reading was taken.

(4) From the time %aken by each pariicle of the ten partivles of sach gize
the average time taken by a particle of this size was found.

(5) The average rate of fall was found by dividing the tubs length by the
average time,

(6) A curve was made between the averasgs rate of fall and the average particle
size, Also a table was made giving the meximum snd the minimum values of

the rate of fall.



Experimental Data

Average Size Particle Average Size  Particle
(inches) Description (inches) Description
0.637 0.448
Timg in seconds 3.00 rough & white 220 round,small granite
" " n 4,00 smooth, gray & white 4£.20 yellow porous

sand stone

woom n 5.80 porous and red 2,70 flat,rough & gray
voon " 3460 gray and flat 3.20 small,rough & black
roon " 4,00 flat and white %.00 rough quartz
n n n 2,80 group of particles 2.30 round & hlack
n " " 2 .40 granite stone 3.20 black & fla
H " n 2440 gray and round 3420 black & flat
nooon " 2«20 smooth and round .40 flat,round & red
meoon n R+&0 smooth,red,& romd 3,00 group of particles
Total time 30,40 geconds 32.20 seconds
Average time 3,04 seconds 3429 geconds
Average rate 16,50 inches/sec. 15.20 inchss/sec.

of fall



Exoerimental Data (conts

Average: Size
(inches)
0.317

Time in seconds

" un 14
1 it i
) i n
" n "
un " un
hi] i i
1" k¢ "
1 1 1
n n n

Tobal time
Average time

Average rate
of fall

4,00

Particle
Descripiicn
small & round
yellow gtone
red & youmdG
£lat & black
round & black
rough granite
round

granite

small round & black

round & black
group of particles
seconds

1)

b
S2Conad

inches/sec.

Average Size Particle
{inches) Degcription
0.22%
4,40 rough granite
280 round & black
5,60 geoup of part—
icies.
3,20 round granite
4,80 flat & smooth
4040 rough & hlack
4,00 rough & white

0020 " i i
4000 1 i [t}
%8,80 sfeconds

5,38 ASOONLE
12,80 inches/sec.
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Experimental Date (cont.)

Average Size  Particle Average Size  Particle
(inches) Description (inches) Deseription
0.158 | 0,112
Time in seconds 4.20 arbitrary group 5,60 arbitrary group
moow w470 | n n 5,60 " "
noowon 5,00 n L 5.00 n n
moowom 4,40 " " 5.80 " n
L 4,50 n n 5.60 " "
moom o 4.80 n " 5,40 n 0
noom w4, 20 n " 5,50 y "
Con v a0 v 4,70 v
noomom 450 n " 5,80 " "
noow o 5,00 n " 5.50
Total time 45,00 seconds 54,50  seconds
Average time 4,50 seconds 5045 seconds
Average rate  11.20 inches/sec. 9,30 inches/sec.

of fall



Experimental Data (cont.)

Average Size
(inches)

Time in seconds

Total time
Average time

Average rate
of fall

0,079

840 arbitrary group

6,00
6,00
5.80
6,00
6,60
5.20
5,50
6.00

6,00

59,30 seconds

5.93 seconds

8.40 inches/sec.

Particle
Deseription

"

H

"

"

n

"

Average Size  Particle
(inches) Description
0.055 '
6.60 arbitrary group
7.00 " n
7.40 " "
éoeo o u
7.00 n n
720 " n
7.80 " i
8,00 " u
6,00 " "

5 o 50 f! 1t

69,10 seconds
6.91 seconds

7,30 inches/sec.



Experimental Data (cont,)

Average Size  Particle Average Size Particle
(inches) Description (inches) Description
0,040 0,028

Time in seconds 10,00 arbitrary group 18,76 srbitrary group
Boomm 10,00 no 15,00 0 "
weoon " 10,70 " " 13,20 " n
L 9.70 " n 14.60 n "
noow 9,70 " m 12.60 u "
L " 9.40 " " 13.00 i o
woon " 10,00 n n 12,20 " i
noon n 10.00 u " 12.80 n u
nwoon " 9.80 " " 12.60 " u
momoow 9,40 " " 12460 o "

Total time 98,50 seconds 124,30 seconds

Average time 9,85 seconds 12.43 geconds

Average rate 5,10 inches/sec, 4,00  inches/sec.

of fall

(W3]
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Results & Conclusion

The following teble gives the maximum and the minimum values of the rate

of fall of each gravgl particle used,

Aver, Size

Size Range

Aver. Rate

Rate of Fall Range

(inches)  Max. Min. Difference of fall. Max., Min, Difference
(A) 0.6%7 0.725 - 0.525 = 0,175 16.5 22.7 - 12.5 = 10.2
0,448 0,525 = 0,371 = 0,154 15,2 18,0 = 11.9 = 6.1
0.317 0.371 = 0,26% = 0.108 13.2 18,6 = 8,35 = 9,25
0.224 0.26% - 0.185 = 0.078 12,8 16.0 = 10.7 = 5;5
(8) 0.158  0.185 - 0,131 = 0,054 11,8 11.9 - 10,0 = 1,
0,112 10,131 - 0,093 = 0.038 9% 10.6 ~ H.6 = 2,0
0,079 0.095 - 0.065 = 0,028 & 4 9.6- J.,6= 2,0
0.055 0.065 = 0,046 = 0,019 73 9.1 - 6,25= 2,85
(C¢) 0,040 0.046 = 0,033 = 0,015 5.1 5.3 = 4o85 = 0,65
| 0.028 0,033 - 0,02% = 0,010 4.0 4,1 = 3,42 = owaé

From the above table we find:

(1) The difference between the maximum end the minimum values of the rate of

fall increases as

the difference between the maximum end the nminimum

values of the particle size increases and vice versa,

(2) The rate of fall of the particle increases by increasing its diameter.

The relation between them is a log relation as shown on the semi-log

curve Pigure (4) which is drawn to the exact equation of a straight line

28 Tollows:s
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The equation for a straight line is ¥ = m x + B. Assuming the welocity
(V) to be represented on the Y-axis and the diameter (D) on the X-axiss hence
the equation can be written V = log Dw + B,

Substituting for V and log D by the values given in the previous tebles hence

(D) V = logDm +B; (D) V = logDmn + B,
(0.637) 16.5 = (9.804 ~ 10) m + E 3 (0.112) 9.5 = (9.048 ~ 10) m + B.
(0.448)  15.2 = (9.652 = 10) m  + B ; (0.079) 8.4 = (8,897 - 10) m + B,
(0.317)  13%3.2 = (9,501 - 10) m + B ; (0,0553 7.3 = (8,740 ~ 1@} m + B,
(0.224) 12,8 = (9,350 - 10) m + B ; (0.040) 5.1 = ‘“mﬁoz -~ 10Ym + B.
(0.158) 11.8 = (9,198 ~ 10) m + B 3 (O¢028) 4.0 = {8447 ~ 10) m + B,
Adding 69.5 = (47.505 -~ 50) m + B: 34,1 = (43,734 « 50)m + B.

Hence we have the two equations:

i

69.50 = (47,505 ~ 50) m + B ..o.... (1)

(43,724 = 50) m+ B ....... {1)

it

and 34,10

(3:771) m

It

Subtracting (2) from (1) hence: 35.4

or mo= (35.40/3.771) = 9. 387
Substituting in (1) hence: 69.50 = (47.505 =~ 50) x 9.387 + 5B
= (23.4206) + 5 B
or B = 18,584

Substituting in equation (1) by the values of m and B for D = 0.5 and D = 0,05 !

B
= é -

where log 0.5 = {8.699 - 10)

i

~ 1,301 and log 0.05 = (9.699 ~ 10) = - 0,301

hence V¥, = = 1.301 x 9.307 + 18,584 = 15.664
and To= - 0,501 x 9.387 + 18.584 = 6,364



Drawing the straight line joining Vi & Vo, we find that it passss through
the points already plotted for the velues of V & D, Figure {4), which represent
the results taken from the experiment made. Hence this straight line represents
the relation between the particle diameter and its rate of fall.

Since the rate of fall considered was the average for a2 wide wvariety of
particles, its values cover the different shapes, surface conditions, speecific:
weights, and sizes varieations. It shows that the rate of fall of a gravel part-

0

icle increases by inereasing its size.

Plotting the same ralation between V & D on log-log psper we get the
curve shown in Figure(5).

Comparing Figure (5) with Figure (1) which gives the relation between
the sphere diameter (D) and its rate of fall (V) we find that for the same
range of sizes 0.657" to 0.028" - shown by two circled dots  in Figure (1)-
this relation is repfesented by a straight line in Figure (1) aud by a curve
in Figure (5)f This curvature of Figure (5) iz expected due to the varlaLlon
of the gravei particles from the spheres. But it indicates that the &K&VCI
particles do not obey settling laws for spheres, although the rate of fall of

a gravel particle increases by increasing its size.

Since the shape factor covers the variation in the shape of the part-
cle only another factor is needed to cover all the variations together.

Using the values of the rate of fall of a gravel particle and a sphere both

size another factor can be developed that relates and covers all
£he veriations. This factor will be called the particle factor, it is defined

of the rate of fall of the gravel particle (V) %o the rate of fall

> the same size (V') i.e Particle Factor (P. F.) = V/V'. Both
values of V and V' should be teken under the same conditions of temperature

and ligquid sgpecifications.



*TT84 JO °%BY JPUTESY JejewrsT T STOTAIEd (&)
(*ut)reqemat(y ©T0T%I6]

0% T°0

N\
D

,M“’fjk

ue



L

The particle factor can give the rate of fall of

any g
;he rate of fall of a sphere of the same size was known, An atienpd was made
to find the numerical values of the particle factor of the particlesz used in

this experiment but the actual values of the rate of fall of svheres of the
£ i

same size were not available.

qOEClL“”Oh

m

“Gravel paricles do not obey the s sttling

of fall ef a gravel particle incresses by increasing its diamster and
vice versa. The relation between the rate of fall of the gravel

particle and its diemeter is a log relation,"



CHAPTER IV

SETTLEMENT OF A SYSTEM OF GRAVEL PARTICLES

Objective

In Chapter III the behavior of individuval pariticles while settling was
discussed; but when a system of parﬁicles,settle"at a time their belavior
will be different. From the analysis made by Karman (page 13%) we find that
the particles have to be apart by a certain distance given by the ratio
a/b= 0,280l in order that no interference will happen between them., This
ratio can not be maintained during gettling of gravel particles. ,Mdfeoverg
the graded pack is cqmposed of different sizes, and not only that sach size
has a different rate of fallsbut algo for the same size there is a wide range
of rates as shown in Ghapter III, page R4,

Fér these differences of the settlement of a group of particles from the
settlement of avSingle particle this chapter has been made to show the effect
of certain factors on the rate of fall of a system of particles, At the same

time it will give a full picture of the settlement of the system,

Procgdures & Apparatus

The model well shown in Plate 4 was used. It consisted of a tube 6%
internal diameter and 20! high, with a transperant plastic tube 5 3/4% diam~
eter in its middle for vision and taking pictures. The bottom consisted of
& stesl bube with a piston inside that was operated upwards by a hand pump
for extraciing the sample in sections in case of gravel placement tests
diseribed in the next chapter. For measuring the rate of fall in these
experiments the stop watch was used., The fall distance was the end of the

- e 2 Gyl
plagtic tube,

30
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Three experiments were conducted esch for a diffevent pﬁrpose a8 followss
Experiment No. (1) |
The purpose of this experiment is to find the effect of the particle
size on the rate of fall of & gystem of payticles.
Experiment No. (2)
| This experiment was made to find the effect of the bateh size on the
rafe of fall,
Experiment No., (3}
In order to find how a batch will settle if ite particles were held

together by an adhering fluid,

Experiment No, (1)

Sample Preparing
A batch was prepared with minimum weight of large size particles and

maximum of the small gize Qnes.accoiding to»thé following table:

Particle Size Weight Cumulative Weight Retained Weight

(inches) (1bs) - (1bs) (%)

0,525 0,85 0,25 1.50
0,571 0.50 0,75 4,55
0,265 0,75 1.50 9,00
0,158 1,00 2,50 15,00
04131 1.25 5,75 22,60
Gu08E 1050. , 5.R5 51980
U650 1075 7,00 42,50
0,080 2006 9,00 54,50
Do Ua% 2.5 11,85 ' 68,50
CorBi 2000 135,75 8350

0,018 275 16.50 100,00



Plate (4)

The Model Well



Experimental Data
The batch was divided into three equal parts and each part was placed

N
9]

separately. The time at which aacﬁ particle -~ that gpecifies a certain size-

reached the end of the plastic tube was measured.

the settlement of each size,

Pictures were taken for

The readings are shown in the following table’

First Test Second Test Third Test
Time in | Particle Time in| Particle Time in| Particle
(secs.)| Description (secs.) Description (secs.) Description
5 large sizes only 6 large sizes 6 large sizes
7 gecond size of 8 second size of 8 second size of
the large sizes the large sizes the large sizes
10 medium sizes 10 medium sizes 10 medium sizes
15 mixture of sizes 14 mixture of sizes 16 mixture of sizes
20 mixture of sizes 20 mixture of sizes 20 mixture of sizes
_7 mixture of sizes 7 mixture of si!es 27 mixture of sizes
30 fine sizes 30 fine sizes 30 fine sizes
40 noon 40 nooow 40 " "
50 nom 50 LA 50 " n
60 woom 60 " " 60 " "
90 | silt 90 silt 90 silt

Pictures taken are shown in Plates 5, 6, 7, 8, 9, & 10,




Plate (5)

First appearence of the large size particles
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Plate (7)

-

Settlement ofmedium size particles

(Notice the gap between the particles)
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Plate (8)

(Notice that there was still some large particles)
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Plate (10)

The settlement of the fine particles

39



Obgervations
From the pictures taken and the data collected we observe the following:

(1) Large size particles traveled faster than any (Plates 5 & 6)

(2) There were no particles observed in the tube between the 7th and the 10th
seconds.. Suddenly at the 15th second a mixture of particles appeared
in a variety of sizes as shown in Plate (8).

(3) This mixture continued for 15 seconds,i.e.,umtil the 30ibk second as shown
in Plate (9).

(4) By the 30th second fine particles were found only in the tube as shown in
Plate (10) and they continued for &nothﬂé 30 seconds;i.e.,till the 60th
second.

(5) The silt continued dripping for 30 seconds,i.e.,until the 90th second,

Regults & Conclusion
(1) If a pack was formed such that it contained a small percenteage of large

size particles they will settle fagter than any and form a coarse layer
at the bottom.

(2) Fine particles always settle at a slow rate and remain at the top.

(3) The pack that will give the best mixing is that one composed of medium
sizes only. Their rates of fall are close and they mix with each other
before reaching the bottom.

From these results the following conclusion can be made:

"The pack that is composed of medium size particles, or particles whose
=izes are close to each other, will give the least amount of segregation
i.t. a pack whogse structure is close to the uniform pack structure will

lue the least amount of segregation.”

=



Experiment No(2)

Sample Preparing & Procedures

The sample was prepared with equal weights of each size according to the

following table:

Particle Size Weight Cumulative Weight Retained Percentage
(inches) (grms) (grms) (%)
0.525 500 500 11
0.371 500 1000 22
0,263 500 1500 33
0,183 500 2000 44
0.131 500 2500 55
06093 500 3000 66
0.066 500 3500 77
0.046 500 4000 88
0.033 500 4500 100

The semple was well mixed then divided by the mechanicel separator to

multiple portions i.e. 1/2, 1/4, 1/8, & 1/16 or weights of :
4500/2 = 2250 , 4500/4 =1125, 4500/8 = 562, and 4500/16 = 281 vhere

all weights are in grams.

Each group was washed, cleaned and dried before the test.

Each batch was placed in the model well separately.

Time was measured whenever each size reached the end of the plastic tube.

Pictures were taken for the settlement of the last group (281 grams).
flev o o shown in Plates 11, 12, 13, 14, 15, & 16 with the explanation of each

icturs orposite to it.



Experimental Data

42

Batch No., (1) (281 grms)

Batch No.(2) (562 grms)

zZes

Time Particle Time Particle
(secs) Description (secs) Description
5 large sizes 7 large sizes
10 large sizes 10 large sizes
15 medium sizes 15 large and medium sizesg
17 large and medium sizes
20 medium sizes mixed with 20 fine, large, & medium
large sizes sizes mixed together
R5 fine particles and a 25 fine particles and a
mixture of sizes together mixture of sizes togethepr
35 fine particles 35 fine particles
46 silt (last drips) 46 silt (last drips)
Batch _No..(S) (1125 grms) Batch No,(4) (2250 grms)
7o5 large sizes 8 large sizes
12 large and medium gizes 10 large and medium sgizes
15 large and medium sizes 14 medium and mixture of si
20 fine, medium and large sizes 17 fine; medium and large
mixed together) sizes mixed together
26 fine particles 25 fine particles
46 silt (last drips) 46 silt (last drips)
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Plate (11)

Settlement of large size particles

(Notice the wide gap at the start)
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Plate (12)
Large size particles after the start of settling

(Notice the approach of the particles)



Plate (13)

Settlement of medium size particles
(Notice that there was no large size particles)

45
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Plate (14)

Medium size particles at the end of their settling stage
(Notice the approach of the fine particles)



Plate (15)

Settlement og the mixture of the particles

47



Plate (16)

Lagt drips of silt

I——

48
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Obgervations

From the experimental data taken, we find:
(1) The time for settlement taken by lsrge size particles was delayed by the
increase in the volumé of the batch as shown by the following table:

For the batch of 281 grams large size particles took 5 geconds to settlef

" n # i 562 Iy ] 11 I3 4 7 B # i
L] 1t 3} n 1125 £ 1 1 1 1 7 n 5 i il "
13 i) il n o950 1 3] 1) i 0 5 11 14 f9

(2) The medium size particles’moved faster and took shorter time to settle by
increasing the size of the batch as shown by the following tabl@s
For the batch of 281 grams at the 15th second medium sizes appeared alone,

Hooon u o562 2w wm m 15th gecond medium sizes appeared mixed
with large size oneg.

H i W w 11285 " " ®o12th ® . i w R i "
" 1] ] n 2250 n n n log-t_’l]; n 3] i #g it} i it

(3) Fine particles also moved faster by increasing the size of the batch as
shown by the following tables

For the batch of 281 grams fine particles appeared after X5 seconds

i 1 " v 562 i n 1 n # 20 3
" " i n 1125 n i Y n it 20 1

5] " i ® 2250 n fn n n i1 17 4]
(4) Another impértant observation is that rapid mixing bebween the particles
carn be done by increasing the size of the batch as shown belows
¥hen the bateh was 281 gramg the three sizes mixed after 20 seconds
i # o562 M noon " i w17 "
g u no1lRs ow noon " u noo15 "

H i 3] " 2250 u n n 1] 18 " 14 i
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Results & Conclusion

(1) Increasing the size of the batch will delay the rate of fall of the large
size parficles and accelerate the medium and the fine ones.

(2) The relation between batcoh size and rate of fall is not a direset relation
i.e. doubling the rate of fall can not be done b& doubling the batech size,
or uging a half of the gize of the batch,

(3) Faster mixing can be obtained by increasing the size of the batch,

As a general conclusion it can be stated that:
"The larger the size of the bateh the faster and the better the
particles will mix together, and consequently the less the amount

of segregation"

SUMMARY
The previous two experiments show two important points concerning the
structure and the size of the batch:i.e.,
(1) The pack should be composed of medium size particles and the closer the
sizes are to each other the better results could be obtained.
(2) Large and fine particles in one pack should be avoided by all meansg.
(3) The batchvtakén from the pack to be poured into the well should be as
large as possible. The larger the size of the batch the less the

segregation.



Experiment No,(3)

Sample Preparing & Procedres

The sample was prepared by mixing egusl amounts of each gize of the sigzes
from 0.525% to 0.016" throughly with & high viscosity oil. "

The mixture was placed from the the opening of the model well while it
was enplty, because the cil used was soluble in water. Hence the settling
medium can be considered the atmoshperic air.

After settlement the sample was extracted and examined under ths micro-

SCOPe.

Observations

(1) Sizes of 0,371" or larger were not adhere@ to the rest of the group,
or even well adhered to each other, |

(R) Sizes of 0.263" or less were well adhered together,

(3) The smaller the size of the partidle the better it was adhered to the
other particles.

(4) Angular or rough particles even those of large sizes were more adhered

to the group than smooth or round ones.

Results & Conclusion

A sample can be placed with the least amount of segregation by the use

of a strong adhering fluid under the following conditions:

(1) The adhering force of the fluid should be greater than the water force
resistance or the drag forces,

{2} The pack should be composed of medium size particles preferably rough
and sungrlasT ones.

{%} The fluid should be easy to extract,after settlement,by the surging

operation,



CHAPTER V

EXPARIMENTAL WORK TO FIND A METHOD FOR GRAVEL PLACEMENT

IN WATER WELLS WITH THE LEAST AMOUNT OF SEGREGATION

Four methods have been selected for experimental work i.e. the bailing,
the trémie, the pump, and thﬁ package methodév The bailing method is the one
first known, while the tremie method haé been recently introduced, but both
the pump and the package methods are under research considerstions & have
been selected by Edward E, Johnson, Inc,
Each of these methods will bé tried experimentaly, and they wiil be compar~

o

ed with each other from the point of segregation i.e. which one will give the

<

least amount of segregation.

Procedures & Apparatus

.The‘model ﬁell‘shown in plate (4) was used. Each method was tried sccord-
ing to its speéific procedures.

One sample was used for the four methods, It was composed of the part-
icles between 0.033" and 0,185" size, The structure was formed according to a
synmetrical curve jsining the %wo points of 5% over the minimum size and 5%
below the maximum size, so that the sizes of>0.055" and 0,185% are both includ-
ed in the pack. The curve was symmetrically dividéd by the line of 50% retaine
23 size l.2. the lower half of the curve was symmetrical to the uppsr halfl as
shown in Figure (6).

The sample was well mixed by the mechanical mixing machine, washed by

hine, then dried before each test.
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SAND ANALYSIS

EDWARD E.

JOHNSON, INC.
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After each test had been completed the graval
gections about two inches thick.

sand analysis curves were drawi.

(A) The Bailing Method

Aoaord;n& to this method gravel
the well opening and permitted
The same procedure was followed in this exg

taken while gravel was setitling.

to travel freely 1111 1t reachses the bot

Obgervations and Remarks While Running The Test

1 ~ The ssmple was

after the othsr,

2 - Time record was as followss

Time in seconds

0

from 7 to 10

time taken

bure was 80 degrees Faha

divided into two buckets end each bucket

Particle Degcription
[ SN A NP S I T,
Start balling

Loyge size particles

A gap with no particles

has te be placed by being poured thr

ugh

4
GO e

griment, and pictures were

was placed

in the

tube

Large size particles with mixture of
. .

differont slzes,

Medium and fine size particles

Mixture of particles,
Fine particlss.

Fine particles.
511t appsars

Silt settles completaly.

wag 60 seconds.

was a gap of time hetwsen the placement of the two

buckets.
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Experimental Data

Afﬁer‘tﬁévsample was fully settled in the model well 1t was extracted in
sections about 2" each. BEach section was dried and the sand analysis data was
collected then the rsults were reported in the given table (pag 56 )a 5

From this table +the sand analysis curves were drawn in Figures 7,

8, 9, & 10. L,

Figure (7) shows the structure of the upper group. It shows that it is much
deviated from the origin, which means tha£ this group is much
segregated in ite structure. \

Figure (8) shows the structure of the central group. It shows that it is less
segregated than the upper group.

Figure ($) shows the structure of the bottﬁm group. 1t shows that it is of

| coarser structure than the originf

Figure (10) shows a comparison between the upper, the central, and ths botiom

groups . It indicates that the central group is the least segregat-

ed one.

Pictures teken are shown in Plates 17, 18, 19, & 20 pages 38 & 59,

@

Plate (17) shows how large size particles were settling faster than any.

Plate (l@j shows how the mixture included a variety of part&m“ogg

Piate (19) shows the turbulence thalt happened while pouring the next buckels
Notice the interferenca of the lafge particles of the next bucket
into t@g_fine particles of the preceding bucket._ The dim part. in
the pleture 1s due to the silt disturbence.

{2) ghows the sample after settlement., Notice the accumuiation of the

particles at the top and the coarse ones at tlu bottom.

¥he shove pictures and sand analysis curyes prove that the balling

thod produces a segregated packt

(%} The d origin refers to the the' sand analysis curve of the original
: sn in Figure (6)



Sieve Analysis Results of The

Bailing Hethod

ol

’ _ Si?ve Size n _ :
: Ezzzign Depth | 0-185 0.131  0.095 0,065 0.046  0.055  0.023 | yya
Cumulative Per Cent Retained
(%) (%) (%) (%) (%) (%) (%)
lst " 0.001 0,955 5,35 12,3 24,8 41.0 88,0 | 1.6
ond 3| 0,05 2.50 16,5 37.5  60.0  T3.5  97.0 |2.5
3rd 54 0.055 0.80 31,5 55,0  T4.0  84.0  98.0
sth 7" 0.06 17.0 49,0 72.0 87.0 94.0 99,0 |2.07
5th oY 4,20 28.0 63.5 83.0 92,5 96,0 99.0 {2.34
6t | 1" | 5.3 27,5 655 835 955  97.5  99.5
Tth 12" 4,1 28.0 65.0 83,5 93,0 96,0 99,0
8th 15% 4,0 26.0 63.0  82.5 92,0  95.5 9.5
9th 15" 6.55 32,8 70.C 86.0 93,0 96,0 95,0 |1.55
10th 17" 5,2 43,0 78.0 86,0 93,0  97.0 99,0
11th 19" 6.15 32,8 71.0  87.0  95.0  97.0 99.0
12th 21 5.9 2.5  71.0 88,0 94,5  97.5 99,0
15th 22" | 7.0 3.6 73.5 89.0 95.0  97.5  99.5 [1.97
l4th 23" 7.0 54,0 7%.0 89.0 95,0 97.5 995
15th 25t L5 29.0 70.0 88.0 95,0 98,0 99.5 {1.77
16tk 27 | k9 37.5  77.0 92,0 97.5  99.0  99.7 |1.98
17th 29" 8.0 43.5 77.0 90,5 96.0 98.5 99.6 |2.06
LEaL! BiH 6.1 25,5 74,0  90.0 96,0  98.6 99,7
5% 5.1 31.0  73.0 89,0 97.0 98,0 100.0 {1.9
Otk o 7.0 38.2 77.0  91.5  97.0  99.0 100.0
2 57¢ 6.6  25.0 82.5 95,0  98.5  99.5 100,0 |[1.51
22nd “o8 9.5 21.5 89.0 96.0 98.5 99,0 100,0 [1.31
Origin 5.0 30.0 65.5 84,0 92,0  95.0 100.0 i2.36




(57)

Y ails

ANA L

SAND
NO® T
SAINT

INC.

WARCLC

rr
L

&

3

SHREE]
MINN

o 1
4.

( Samfale C)

JOHNESON,
= A L

r

Date

3

Uﬁwr | @ma,o.

o
own

152 ] o

From weil of

Figure (7)

Pemarks

50

280

260

o

3

H

220

L1 1
ot T
t
= i
1
e i
sgsenas:
A T
4 .T.-H e Ll
141 t -+t
0 B3 Sasagnuans H H
it s Raaes : you!
TR t -
i i TR H T diicicts
T e a B {4
=88 £Emsse 1 8 T
sag o 1 [ i
e £ =t . -
nads i 1 T
i I g
' i 1
4. (K3
L 13
} .wﬁ 1
. h.“ b
1

200

1

=

H-

B
Y’

roanmE R

=11

80

NCH

4+

OF AN |

160

USANDTHS

140

Al

|‘I‘H0
IQ.FRACT!DNS OF Ard INCH

20

e SR Eas

OPENING

SLO

SLOT OPENING IN

e

it

s:
ras

dpddl
1ill

-t

EeRsEEBEeN B

HH

[11

NOTES:_

S E—

——— ek

OMMENDED

RE
57

——

SLOT OPENING

ENT RETAINED

CUMULATIVE PER

SIEVE
QPENINGS

BN & o

LENGTH_

1M

o 17 Sa—

SCREEM:
FOR THE SUCCESSFUL OFERATION OF JOHNSON WIEL. SCREENS.

THAT. WHILE WE BELIEVE BLOT S1ZES FURNISHED OR RECOMMENDED

RECUCMMENDELD

WE ASBBUME NO RESPONSIBILITY

B0 MANY CONSIDERATIONS ENTER [NTO THE MAKING OF A GOOD WELL

FROM SAND BAMPLES ARE CORRECT




(58)

STREET
MINN.,

SAND ANALYSIS
PIERCL
SAINT PAUL 4,

315 NORTH

EDwARD E. JOHNSON, INC.

O MANY CONSIUERATIONS ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED O® RECOMMENDED
FROM BAND SAMPLES ARE CORRECT WE ASBUME NO RESPONKIBILITY FOR THE BUCCESSFUL OFENATION OF JOHNSON WELL SCREENS.

: , m T
g8 gease vasa T T 1 ek _u _ ﬂ
4 ,u L4 gg s + + FH _.“:._.i £ - L ﬁf+ {
_ [- b b . F3L M aan 4_ b |
7 7 4 _ aa + mmaE W m L i nv.._f ™t ™
_ _ _ T f T 25aasause . | B # _ [
| | i : PR — 49 o | ]
| _ 1 _ —r_nr. +4 H T 1 nad 2 W,rvu.rl-_u.lv . I L o4 . o " _
| | _ i 1 111 I ] s o Y I N \ T AT
SEEEE i e LR N R R B
| | _ | | tenl 1 ” 1Tt HaHET 7 | ~_ N 4 .U.._r -
| | SEEdtaEct i e £ gt ] RN
R q5 L]
_ _ _ PR R T H ™ | _ | _ _ * <]
i i i s tiEat caIRetad 1 i FREEEE
U R i dhR : Pl FE | 4S
> _ COREHE S e T . 2 T T (| [ 3N
2 Ssasaagest 1aasandss paganyessensgegsesss 35 I+ 1 o T e
a S2astasti fanasgadt s e as=a _ - z _ 5 NS
et 1 ESAREE APAUNLSTND B R |
| 80 B 1 1 oy 1 1] s | { >
o _ HEHHE T HHE 7 5
.I.HMI | +H L .. f. 112 Nw A _ _ | o ﬂwfﬂ
Igas e ans ¥ x m ..,Aﬂ 0 - e
i igssdaua =g - -< w {
] | : sipsses zZ Q9NN =X § N w
a P < RNEV S o
ERtste! Tbest 35¢ NN 29 g het
i B et R Bt LR L
Nt ~— 4 t2348 asa! Ms LR —_ FIAN
1545 i 87 J 1§ F
o . 52 1411 028 @ L -
br 1T <XE W _ - o _
3 i “3¢ b | 19 |8 _
nu | §5a o e8] e | - u |
o S 1661 . I& z _ i 3
N P IR e e H —Z
b jeafaaants sasess o I_m 8z,
NE SEHEE R S
W © v 88313°-%s: iias P Z7 ol % IRRE
3T i T e g W {1 e
! - 1 rt .{”J. :..0 m | | |
1 i 3 Ww 2 <h I _ _
3 R i gaats 28 Bt H
Zm e - 1 4udg] HTR TR .n.v_ & 3 | |
...w-vrrw ﬁ*. H T b= f— —_— = -
Sune pHews 1 s T -
3 B o I 2 aups o ) | |
N apaxaeds is: ¥ cossgngaazn 2328 v as H ol | | “ _ | |
tHTH 5:a0358aa saassanad: | & .
/ ._V.H.ru 3 uradd ,“1...1 _ ui.w " ﬂ | . __ [ 7 !
M T AT 2i58s 25 H o |ul _ an
| T cdbasigsannansnnasnns gy 1t .wr;.... 2l ——
h “ +} o - L I + i £y =1
8 N 4 . b - b4 + 1 - — o |
3 SiHERR % w T # 3 | |
1 . 1398345308 23308 pagasasang sazns SUTH : 3 | _
=1 !
> 1 ue s gaas ) Bagtadiaas A,
o 4 _w-.p}-_q 2 c_; _
= B e ans & L
2 - 3,858 RuABsEEss dSyRyManasunsa angne ip B}
5 B : {HI R o
o C S 5 21 350525408 SRS RN RaSARREORS ) Sz _
= = a3usansagsasasas By H LIME wz
& g g 8 gaiates HH R T R R T I R SHEisnestistntanes * sm
s 5 2 § T ] ssgm T B3s tageam ! o
2B S O 4 I & H T 3 i s Trux*T.m HHH isEsysasdviss dogaunpass ]
T E tt i ] I8 Jm, L1 ST 2
. - i~ ~ -~ ~ —~ ™~ (=1 o ~



(59)

YEIS

l
|

SAND ANAI

EDWARD E. JOHNSON, INC.

STREET
MINN.

PIERCE

Bollom graup | Saemple. C)

315 NORTH

1t in by

@
“

a

Samp!

Date _

Town

From well of_

Remarks __

2 2 a 2 3 2 2
T i Ht T a2 aanes e, n
H 1 ¥ T T T T
i g 1 Ay & !_ 1 I a:
] § 8384,
» w W
HH 1 1 o
|
HH s )
" —-4
1 y -
.q m.l_.. o
- T
i o
seukzE
izt
+
i 1 o
! B
i
1 e wio g
aigess as: 32381 2 ~
i 13
n.mv,h.. H 8 _..0 F
; S
! ..Mm
Hif ¢._ 2z
g
fais 2w 3
1 20 0
S0
i 29
1t T e z
Hi Satesss] oz 2
T+ T - -
-t pe 44 e w
seaais X <89
. r.r.u“».“” b o - mn
T I san -
1 (e sananed IWN
s H e
e . epss . ne 9
HHEES o
+ haedd -
LR 2%
T zg
anfa doaai a 0
” + Wo.l
5 3T Hr =
Mol : HH L 0
RS e dad - by o 58 o s
i R
B AAB 1 SRS 84 i 2
T, il ﬁ-o T 11
T H R it
n: ? u) saldtdaula hi T
% 1 8 s TE e ﬂ 15 -
-5 o B E TR A rm...... .+t 4] H T ' HE T 5
bt ,.‘m. ISUBE Rawaa NS08 4_ml#_ HH g -
1 T ,_,.Iu w_w ..:.w__ ‘“l __.. s Wll
¥ 4 0 r gpeaBazs, E3es 2% B g T
85’ = I T Y 1 iR Fa RS o Y
§ B i fitt H HHsHH D Hit
s - +r + 3 e}l
_u ___rw x_..n_ mfr.rim wﬂ bk
g m..Jr L ! H._ ..Tn.ﬂﬂr i3+ 1 m
S 33es 8 H H Hit i A A R
HHET H T Saal R 11T dsuanunsss auvel I+
i 6 L Alh i i
X mE HM_H. +34 + . REGE B Ne ISANENSIAE 2 REq|
HHHE T it 5 DR HRH sandasns yanasaasss
. 1 $o+H v g M 1..:. s n.m. ......m
jERRags b RS - i+ b e : .
10 T o I 55 ﬁ,_ I asaius ®
P S SEal . +4-
s AT m g . TN
b 18 HETHHT HHH m; i Basd Ranel
~~ -~ - - — -~ s ~

[V

o wie o 2 (2%

—Ne o T

/

—_,_4_3_ i

i e = [

—IN. LENGTH _________FT.

f

- -
BY e

4

ancl 127

CUMULATIVE PER C_ENT RETAINED

SIEVE
OPENINGS

d9dd84 133
i -/.} .’Jﬁ.
! JNQ_ML;
_ | W | 8
| EREEE:
| | & | o M
| ) “Nw_ﬂ
. } Q ¥~y
B | 3
NRER IR RE
Tyos ~ ) [
B e L 8
“___ _mm em;,u....”
_ LI =
i [ ® 3
0 ! | | e | g ™
T_ _ | | o
m _ | 0 4 ¢
z | g | &
1 _,_A____
i ! _ ,__u._
| | f 1]
“ ._ | u_
| | |
| | |
CEEE LR
! | [ |
LASRasREY

B0 MANY CONS!DERATIGNE ENTER INTO THE MAKING OF A GOOD WELL THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED
FROM SAND SAMPLES ARE CORRECT WE ABSUME NO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.



(60)

SHNSON, INC.

SAND ANALYSIS
o

EDWARD E.

190
90
80
70
&0
50

THAT, WHILE WE BELIEVE SLOT SIZES FURNISHED OR RECOMMENDED

FROM SAND SAMPLES ARE CORAECT WE ASSUME MO RESPONSIBILITY FOR THE SUCCESSFUL OPERATION OF JOHNSON WELL SCREENS.

80 MANY CONSIDERATIONS ENTER INTO THE MAKING OF A GDOD WELL

i 1 ) 4 H
Beshanan B U :
” N [ F |
i BE £l
3 g o BN _
B T 11 H o~ .d ~ _ o * _
BEES i + it t ~ ./“
| 11 o RuS 85 - —— 'l ~J
| | | i | i Hamd 7 ol
{ _ _ asss I a BESEE Ul FSe S 1iHH o S m ﬁ
I 9 i 324 8 s38s B 9wl N z
aw o 8! + 1881 a8 W gegw SRR +44-44
il _ | bR cHH sesads R teaed cassanatse % 3 n S 3 | g
-t T T IDUENER EdNEEEE e ]
| | _ SRAURINENT sHOUR ,.? w,!.“ was } -..uuﬂnu-. »e 168 420N SRR OdamT I M N x |
[ = 1 H9EQADE BE . LEr i 1 1 IBW HEER ST EWaY Al o I < |
ia _ | [ 4 - - G e | i |
! [ U 5855322850 ieaascns aval SSLESuERFEEE sEAwESATSS SEREL A & 1 wail as u S88as uas s 1 I _ ! _ [ _ i
Yy I 5% 522! odgtcinie didnaatnts phianats: i FHESEIEE: rtistia skt intnt dRssReRyE R CH SERFERER
| | EEiEE AT saicitad io S53isas! sepRdnin SEsainaie: SR dnatasaitas | 1a | |
2 | R SRR REER
o .m B0 Sui 1 " } + o t < ! | “ I a I |
- o s i HE L) b4 aw) i § 1 .“ T ~ | | < |
= i e e i R T | TRERN
e FE EOERE W .xnm.ﬁ‘ 1 : 01T e X | s i
I [ it i SANGANAND EBAERNETED AN CEROPNDE HHG 1 aga! T H— = | S |
PETRRAAENS SN I NP ABAES & By be nds 1 y ZE% 3 e = g 1 |
| askes T ﬂﬂ I dna 1m L‘_"..,._ + ! *H +1 sags L_.m o ! f| W _ 7
: I H s I.TL s \EEpenEs ¥ T i BE NN Isgs ot N " | w o | u
£ . ¢sanagdi; duneanates ol TR S5 w1 saand tl E L o ST B B u
'r: i i an i i o i, itz PR AN D BB I
W HEHHH jHes axnss 3 Bagasaatt sxlns jar iy $° _ L I &
T < H a adag sauid T i Bngps ] 88] z | w1 (9
= W L s HotbT bt i o B iJos g oz o
N = l/ ! | T nEE 8 jEe: = 20 - __ | ol = u
v / BT i ¥ i 28 | { ~ z o
J ¥ T : oz VRN S I
P — - - Z0 " (s s
-+ 0 - T H DA 4 I}
wod - nge Teh = o}
it _ — ! i : o oy _ 0 0
o= N } 31 s g ) b W
L H o _ | -
s o +y - m..r.. = ¥ 4
fa § . S . oz Z*
x i S mn it T g
Aot NuE ++ + e
3} o i 5 H 7= et ..l —T
22 N B i s2 15| 1TTT]
< N H i It &5 |2t ||| {
=1 & | | J 882 |f | |
ol 122 L - O Ei | |
i et i & q..: O - w _ | |
1 4] F - ] @ 14 | _ |
S i i izt B el
M A i i
s 3 0|
(S T o |
A | i 1 JALERERE
m/ ! FHI ] SLil il btld
T 7 Snas dfsEsseiadgasaniat HHTH f 4 11
| ¥4 afafaiit teaRenicl srdtd st | 3 3 |
1 ANBGAEGAE Y SATN AR S agEns o +1 a1 2
K I b HE h.,,mk; HirrHT e 5 =1 |l | 1]
& .34 5 icaadies m 8anaearacania s ! it 3 | |
o a#@d 1adeEvsENe SEAENRRAN DTRE 8 1 IT il L N 1 1
: S8 14359IR01 LIRERREEE SE S AN i m
red .- SUGRG (DURURAUDE FUTARSISNE O t L1 a1
wr ==t Sy - -4 . o i ESORE RASWY aN e | i
3 o W | anm Fprro L LA + H o % ) .\..m.3513.._._53
o = £ sast it T fad3gise: isasgises THHHT 8 |Ez 12218181318
£ § E E  13TRSTns8E SR oeRsn ERPETTNRLS ads3edaduss BifRnssEsannals pasanuussdausasduas = (ef
Q@ 7 o g 1 + F 17 - T u T 0
@ o £ 9 & LT I disgasiseac: spEgess [ |
€ — e o 5 H BEehsssaguss aghsssnash ianaadan J:PL .L. FHE R
H 1 i 11 L1t 1

o
50

30

10

W

0

0 e
10

10

0

[



.
__) :
o - t_ .
¢ =
._Jj Jh -y
: &
iy - .
™
-

Plate (17)

Settlement of the large size particles
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Settlement of the mixture of the particles
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Plate (19)
Bailing the second bail
(Notice the dim part at the top of the picture)



Plate (20)

The complete pack after settlement
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(B) The Tremie Method

According to this method gravel has to be placed through a pipe thet would
be suspended in the well within the requiredheight of the paclk. The idea is Lo

control the gravel during its settlement within the pipe cross~section.

Procedures & Apparatus
N Thé.séme procodures as m@ntioned'before were followed. The model well
was used and a 1" internal diameter pipe with a fumnel at its top was used asa
tremie pipe. The sample used in the bailing method was used but in one bucket.

Observations and Remerks While Running The Test,

1 - The 1"_di¢me£érvpipé ﬁroved—to.ﬁe>émﬁll. It got clogged and had to
be cléaned frequently.

2 - Total time taken was 8.5 minutes.

3 ~Temperature was 88 degrees Fahs

Experimental Data

After compiete settlement the semple was extracted by the usual way in
sections of two inches each. @ach section was dried, sieved, and anslyzed. The
table page (66) gives the sieve analysis data, and the sand analysis curves
are given in figures 11, 12, 13, & Lk,

Figures 11, 12, & 15 give the sand analysis curves for the upper, the central,
and the bottom groups . Figure 14 compares the three groups to each cther.

Results & Conclusion

(1) The central group is the less segregated group.
{2} The thres proups do not follow the stendard pattern, il.e. the fine particles
at the ton end the coarse ones at the bottom, There was a remorksble watio

particles at the bottom and another of the coarse particles at

his may be due to the clogging of the pipe.

%) The general shape of the curves show that there is less ssgrepation than
/ 24 WeE

in the case of the bailing method.



Sieve Analysis Results of The Tremie Method
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[Section 'b.185‘ 0.131 3?33? Sigfoég 5008605 6.02% UN;
Number | Depth : 7 ) 7
Cumulative Per Cent Retained
(%) (%) (%) (%) (%) (%) (%)
1st, 2" | 2,0 25,6 64,0 72,0 92,0 96,0 99,0  2.57
agg: 4| 6.0 4594‘ 80.5 84,0 94,0 ' 97;0 99,0 2,30
2rd 6" | 5.5 3. 675 THO 91,0 96.0  99.0
dth 8% | 4.1 31,6 67,0 750 91,5 96,0 9.0 2,13
5th 11" 1 4.5 29,0 67,0 7650 9%.5 975 99.0  2.20
6t 13" [ 5025 M.h 76,0 82,0 96,0 98,0  99.0  2.00
7§g @5? 3,10 27.6 6460 70.0 88%9 93,0 98,5 3,30
8th 17" | 5.5 51,0 64,0  70.0  87.0  92.0 99,0
9th o4 | 5,05 25;4 62.5 70;9 87.0 92,0 99,0 2,70
10th 26" | 6.7 26.0 61,0 69,0 88,0 93,5 99.0  2.85
114& 28" 1 5.1 27,0 62,5 69.0 80,0 94,0 99.0
12th 50" | 5.5 2b,5  59.0  67.0 88,0  9h0 99,0
13th o0 | 3.3 22,0 58,0 5.0  87.0  95.0 99,0 2,70
14tk 340 17.8 23.0  61.0  T71.0 92,5  97.5  99.0 2,40
15th 563 7.9 32.5 80,0 8740 98,0 99,5 99,5 170
Origin 5.0 30.0 5.5 &4.0 92,0 9540 100,0 2,36
(*} UNC = Uniformity Coefficient,
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(C) The Pump Method

For thls mcLhod gravel hes to placed by being pumped through a pipe till

et

it reaches the bottom of the well, Pumping rate should be greater than the
falling rate of the particle, and the tube should be always conmtinously full

of gravel without any interruption during pouring.

Procedures & Apparatus

The modei.well was used. Gravel was placed through a funnel that was
connected to a pipe that woss about one foot above tne bottom of the well. The
pipe was joined by a 90 degrees elbow to the pump discharge pipe@ It was also
hooked up by a rope & a pulley and was pulled up gradually while Nvag! wa.s
pumped into the well, The pumping rate was 5 gallons each 35 seconds, that

amounts to 5 x &0 = 8.6 gallons per minute. The pipe was 1% diameter hence

o .

its cross-section area equals 0.785 inches?,
-~ ’.)
Hence rwater pumping rate = 8.6 x 0,1605 x (12)° = 42 inches/second.
0. 785 x 1.2 x 60

The meximm rate of fall of the largest particle in this sample (0.158 ) = 11.9
inches/second (from page (24) Chapter III ). Consequently,the rate of fall of
the pumped water is greater than the rate-of fall of any particle in the sample,

which is a condition for the use of the pumpa

Observations and Remarks While Running The Test

"1l - The gravel flow was smooth without any clogping.

i

o
i

Total time taken was 5 minutes only.

% The rate of pouring the gravel was such that the tube was continous-
1y full of gravel without any interruption.

i« The temperature was 86 degrees Fah,



Experimental Data

According to the standard procedures the ssmpls was extracted 1in sscltions
about two inches each, Each section was dried, sieved, and aenalyzed as usual.
The teble in page (73) gives the sieve analysis data.

Figures 15, 16, 17, & 18 give the sand analysis curves.

Figures 15, 16, & 17 give the curves for ths upper, the central, and the bottom
groups.

Figure 18,gives a comparison between the three groups. It shows that the center-

-

al group ls the least segregated one.

Results & Comnclusion

(1) Thé structure of the central group is close to the structure of the origin-
al sample.

(2) Comparing these curves with +the corresponding ones of the bailing and the
tremie methods we find that the gravel is less segregated than when either

the bailing or the tremie method are wused,

From the above we can meke a conclusion that the pump method gives a pack that

is almost the same in its structure as the originel sample.



Sieve Analysis Results of The Pumping Method

M

~ -~ Sieve Sige \
Section 0.165 0.1%1. 0.09% 0.065 0.046 0.0%% (.023
N - | Depth - ' - UNC
Nutiber Cumulative Per Cent Reﬁaxn@d v
(%) (%) (%) (%) (%) (%) (%)
st ov | 3,7 26,0 >62.5 69.0  88.0  95.5  96.0 |2.95
ond | B | 5.3 27.6  62.0 69,0 ¢ 86.0 -9L.5  98.0 |32
rd 6" 7.1 37,0 7RO 810 95.0  99.0  100.0 | 2,14
dth | o" 5.9 5240 74.0 80.0 9%.5 . 97.0 100.0
5§g 10" | 6.8 40,0 82,0 85.0 96.0 98,0 100.0 | 1.60
6th 120 | 5.2 268 70.0  76.0 92,5  97.5  100.0 | 2.21
Tth 14" 4.9 26,0 65,0 72.6 89.0 93.0 97,0 |2.61
8th 16" | 6.6 315 65.00 725 B87.0 92,0 98,0
9th 18" 7.1 38,0 71.0 | 77.0 89.0 9%.5 99,0
10th 20" | 6.5 29.0 60,0 67.0  85.0 91,5  99.0 |3.10
11th 21" 4,0 22,0 5840 66,0 86.0 9%.5 99.0 {2.75
12th 23" b2 25,0 59.0 6745 88.0 94,0 99,0 | 2,70
15th 24" | 42 28,0 60,0 68,5  87.5  95.0  99.0 |2.76
Origin 5.0 30.0 65,5 84,0 92,0 95,0 100,0 | 2.36
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(D) The Package Method
The procedure for this method is to place the gravel in small shovelfuls

and give each shovelful enough time to settle before placing the next one.

Procedures & Apparatus

The model well was used. Before starting the test the time required for
the complete settlement of one shovelful. was measured. It was 45 seconds,
and 55 seconds were allowed belween each shovelful ..

Observations and Remarks While Running The Test

1 - Time talken for pouring one shovel was 5 seconds.
2 < Total time tsken for completing the test was 22 minutes or

1520 seconds.

3 = Temperature was 85 degrees Fgh,

Experimental Data

The table in page (79) gives the sieve analysis data. Figures 19, 20, 21 &
22 give the sand analﬁsis curves.,

Eigures 19, 20, & 21 give the sand analysis curves fqr the upper, the central,
and the bottom groups.

Figureé 22, gives a comparison between the three groups.

Results & Conclusion

The above curves show that there was more segregation or deviation from

the original curve in the upper group only. This means that the package wmethod

L]

ok bhat relatively has a small amount of segregation compared with




19

Sieve Analysis Results of The Package Method

Sieve . Size. ..

Section 0.185 0.131 0.00% 0.085 0.048 0.05% 0,025
Depth - iele - - fat A UNG.
Number I M. - Cumulaetive Per Cent Retained
N N G- N G NN 3 N ) R ¢
st | 1" | 2.70 20.0 . 55.0 58.0  82.0 90,0 " .98.5 | 2.03
2nd | 3" | 5.0 30,0 66.0 72,5 88,0 95.0  99.6 |2.97
53@_ 5" 5.0 28.0 6840 69.0 8640 93e5 9856 2,97

hth g 6.6 35,0  Tl.5 8.0  91.0 96,0  99.0 |2.46

5th io? 4,9 2540 5940 67.0 84.0 90.0 98.0 | 3,15
6th 12" | 5.05 27.0 640 72,0 90.0  95.0  99.0 |2.36
Tth 1 | 47 26.0 63.5  70.0 89,0 92,5  99.5 |2.95
gt | 17" | 27 250 640  70.0 8.5  oho  98.5
otn | 197 Lo 28,0  68.0 ThO 900  95.0  99.0
10th 21“ 5;0. 30,0 68,0 74,0 90,0 95.0 99,0 | 2.45

Iith | 24" | 6.2 340 72,5 78,0 92,0 96.5 99,0 | 2.36
loth | 26" | 61 .0 75.0  80.0 95.0  96.0 99,0 |2.2
1535. 28" | 5.5  31.0  68.0  75.5 92.5 96,5  99.5 |2.26
1hth 500 | 6.05 2.0  70.0 7.0 92,0 96.5  99.5
15t | 5" /9.6 3.0 735 7.5 925  96.0  99.0 |2.28

Origin : 5.0 30,0 65,5 84,0 92,0 95,0  100.0 | 2.%6
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Comparison Between The Four Methods

The important consideration for coumparing these methods is to find which
method gave the least amount of segregation. But there is no scale available
for measuring the segregation. For this reason the following method has been

developed.

This method measures the difference between the coargest and finest pavrt-—
icles? size from the size of the original .semple particle at 40% retained size
which equals the total amount of segregation.

Hence:; total amount of segregation

= (D*AO coarsest = Dy, origin) + (Dyg origin - Djy finest)
The first part,(DhO coarsest - Dy, origin) measures the amount of seéregaticn
of the coarsest particles from the origin; and the second part which is
(Dyg origin_e Dyg finest) measures the amount of segregation of the finest
partiqles'from-the origiﬁ.

Comparison Betﬁéen The Amount of Segregation Produced By Each Method

Dy origin = 120 thousands of en inch.

(1) The Bailing Method

Amount of segregation = (135 - 120) + (120 - 35

Dygcoarsest = 135 th. of an in. Djg finest = 35 th. of an in.
) = 15 + 85 = 100 th.

(2) The Tremie Method

D), coarsest = 138 th. Dy, finest = 110 th.

i

hmount of segregation = (138 - 120) + (120 -~ 110) = 18 + 10 = 28 th.

) The Pump Method

D.wccﬁrsest = 132 th. ’D4O finest = 113 the
‘LE.(

[

Amount of segregation = (132 - 120) + (120 - 113) = 12 + 7 = 19 th.

(*) Dy, = the diemeter of the particle at 40% retained size as measured on the
' sand analysis curve.



(4) The Package Method
| Dyy coarsest = 130 th. Dy fines£ = 108 th,

Amount of segregation = (130 - 120) + (120 - 108) = 10 + 12 = 22 th,
Pléttingvthe values of the amount of segregation against each method of gravel
placement we get the cur%e shovn in Figure (23). This curve chows that the
pump method gives the_léést emount of segregation,followed in order by the
package, the tremie, and the bailing methods. This proves that the pump

method giveé the best pack structure.

A segregation factor can be derived from the emount of segregsation as
follows

The segregation factor is defined as :
Dig coarsest

Segregation factor (S. F.) = + Dy oririn

Dy orighn =
. 4o finest

The velues of the segregation factor for each method are:

(1) The Bailing Method

S. Fo = 135 + 120 = k4,54
120 z5
(2) The Tremie Method
| S, P = 5138 + 120 = 2,24
- 120 110 |
(3) The Pump Method
’ S. Fo = 1% + 120 = 2,16
| 120 113
{4) e Method
S. Fo= 13 + 120 = 2.19
120 108 .

These values show again that the pump method gives the best pack structure.

o bo Pind which method can best suit the practical purposes the amount of

* .
sepregation hes been limited to 8% which in our case equals 120 x 8/100 = 9,6 th.

(*) Credit for this.ratio is given to Mr. Mogg, BEdward E, Johnson, Inc.
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Hone of the above methods gave this amount,except‘in the case of the finest

-

group of the pump method which gave (120 - 113 = th.)

i

Conclusicn

The pump method gives the least amount of segregation followed by the
peckage, the tremie, and the bailing methods. | B

But none of the above methods gave a pack structure that wes within the
limit of (8%)e For.this reason the writer puts the following two'methods
under conéidération for those interestsd in further ressarch, or for practice.
(1) The  adhesion method given in Chapter IV, page 45.
(2) The container method:

| This method aims at transporting the gravel as it is designed to the

bottom of the well. The apparatus consists of a container which can be either
of a cylinderical or a hollow shape. The hollow containerpshown in Figure 24.a.-
is to be used if there was not enough space between the screen and the casing,
and the wall of the well_ylhlthis case 1t can be let down through its hollow
inside,around the casing. The bottom of the container is to be made in the
form of a pivoted flap door operated by & rope from the top at the ground
level. The whole conﬁainef is to be suspended in the pulléy of the rige.

Gravel.should not be poured into the container but it should be filled
by the method shown iﬁ Figure 24.b,

The procedureﬁ fo; operating this method is to £ill the container with
zravel and let the contéiner down until it reaches the gottom of the well
where the door is opensed by loosening 1lts rope to allow the gravel to flow

to form the peck without any change in its structure.
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CHAPTER VI

ECONOMIC COMPARISON BETWEEN THE FOUR METHODS Of GRAVEL PLACEMENT .

This economic comparison is made to find which method is less exﬁeﬁéive 
considering the amount of segregation that took place, |

Since_the bailing method proved to be unsuccessful, anq gave a great
amountiof segregation, it will Qot‘be considered in the economical comparison,
The purp, the tremie, and the package methods are the only three methods that

will be compared.

Assume @ well 12 inches diameter and 200 feet deep with a screen six
inches diameter and ten feet long.
The required gravel pack thickness will be three inches, and its length

will be about eleven feet. Hence the required volume of gravel will be equdl

to _7rx (12% - 62) x 1l = 65 £t7
L x 12 x 12 x 12 :

{A) The Tremie Method

Bequired tremie pipe length = 200 feet
Required tremie pipe diameter = 2 inches
Pipe cost per foot = § 1.00
Hence 3 Total pipe cost = # 200.00
| Estimated salvage value = # 00,00
‘Estimated pipe life | = i5~years

Assuming e straight line depreciation,

#

hence pipe cost per year 200/15 = § 13,30
To find the time required to pack this well it will be compared with the

time taken to pack the model well by the same method, experiment, (B) page(65).’

-89
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Time takeh in theé experiment 8?5 minutes

Volume of the gravel packed | _ = 0,58 145
Hence : Time required to pack the assumed well = éiiaﬁggli = 96 mins.
Estimated time to place and extract the tremié ;ipe = 4(1)hrs.
Total time required to complete the packing = 4 x 60 + 96 = 356 mins.,
Estimated‘laboiz cost per hour B = § 3.00
Hence ¢ . Total labor cost = (356/60) x § 3.00 = ﬁ 17.80
Assuming 50 wells to be drilled per year |
Hence : Total cost per well = (13.3/50) + 17.80 = 0,27 + 17.80 =

$ 18,07

(B) The Pump Method

Assume the maximum size particles used to be 0.317", hence from page (24)

we find that the maximum rate of fall for this size is equal to 18.6 in/sec.

- ‘ 2

Hence: Required pump discharge = (i)X §212,§2xx622 X 7.48 = 15.4 gal/min.
Assuming efficiency _ = 0.75

Hence: Actual discharge required=15,4/0,75 = 20 gal/min.
Horse power required o = 227 %.p.

Cost of a pump complete with its derive engine and fittings = $ 180.70(2)

Estimated pump life = & years

Estimated repair and maintaince cost)(both as percent of

i

o O

Estimated insurance and taxes cost ) the capital cost)

Assuming a straight line depreciation and 50 wells per year

Hence:s Pump cost per well = 180,70/8 + 180.70 x (0,06 + 0.10) = § 1,06
20 '

Pipe cost per well ( from the tremie method estimate) = § 0,27

Hence: Total cost per well = ( 0.27 + 1,06) = § 1.3%

(1) From field observations
(Z) From an estimate from Felkins Floyd Plbg & Htg Comp.
(3) Prom "Engineering Economy" by H. G. Thuesen.
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To find the time required we shall compare it with the time teken in

the exﬁeriment Ng. (c) page (71). -

Time taken in the experiment = 5 mini;
Volume of gravel used in the experiment = 0,394 £t
Volume of the'graveL gfﬁﬁhe%assumed pack = 6,5 £t

Hence: Time required to coﬁplete'placihgwthe'packg% 6+5:% 5/0.394i= 82.5 mins.,

Estimated powef-rate in horse power —hour - = § 1.25
Hence: Power dost = (1.25 x 2.27) x 82.5/60 = $ 3.96
Estimat;d time required té place and extract the pipe = 4 hrs,.
Estimateh starting, preparing, and stopping time = 1 hr.
Total time = (4 + 1) + (82.5/60) = 6,37 hrs.
Labor- rate per hour = § 3.00
Total :lsbor cost = 6.57.x $ 3.00 = $ 19.11
Hence: Total cost per well = 19.11v+ §.96 + 1.33 = § 23,40

(C)_The Package Method

~Time is the only.item involved it this method. * Comparing the time requir-
ed to pack the assumed amount of gravel by the time taken in-the experiment

No.(p) pege (78), we find:

22 mins.

0.53%6 ft5

Time taken in the experiment

Volume of the pack used in the experiment
Hence: Total time required to complete the pack = (6.5 x 22)/0.536 = 266 mins.

Total cost per well = (266/50 x $ 3..00) = ‘ = § 13,20
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Results & Conclusion

From the previous comparison we find that the pump method gives the
least amount of segregation while the cqst estimate proves that it is expens-
ive. It also proves that the package method is cheap meanwhileg its segregat-
ion factor is close to that of the pump methed. But the tremie method show~
ed to have a high segregation factor at an intermediate cost. This makeéé%he
decision on which method to use not an easy one. It_requifes a compromise
between both the cost and the amount of segregation.

The following table offers an economical comparison betweern thems

Pump Method Tremie Method Package Method

Segregation Factor (S. F.) 2,16 2.24 2.19
Cost per Well § 22,40 $ 18.07 $ 13,30
Cost/ S. F. ratio 10.9 8.06 6.07

From the cost per segregation factor ratio we find thet the package
method is more economical.

Since the package method tekes a considerable amount of time the dominat-
ing factor will be the time, if the operation is required to be finished soon
then the pump method is recommended; but if time is not important the package

method can be used.



SUMMARY

Methods of gravel placement can be arranged in the following order
according to the amount of segregation produced by each method, starting
by the method that gave the least amount of segregation:

(1) The Pump Method. (Segregation Factor = 2.16)

(2) The Package Method (8. F. = 2,19)
(3) The Tremie Method (8. F. = 2.24)
(4) The Bailing Method (S. F. = 4.56)

The pump method is expensive to use, and the package method 1s less sxpens-

ive but it takes a considerable amount of time.

Concerning the pack composition, it is recommsnded that the paclk
would be of medium size particles. Large and swall size particlesg in the

same pack,i.e. a wide range of sizes will produce a segregated paclk.
Concerning the process of placement, it is recommended to be contin-

ous and in ample guantities to keep the opening full with grevel all the

time. The larger the batch size the less the amount of segregation.
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