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INTRODUCTION

Water-bearing formations capable of supnlying vater for irrigation
wolls arc usually made up of fine sand with varying amounts of coarser
mo.teriel. Bocoausc irrigation wells must furnish large quantities of water,
the rate of flow through the sand adjacent to the well is relatively highe
I the velocity is high enough to move tho sand perticles they will be
carried toward the well, and unless provision is made for controlling the
movemont of sand by moans of proprerly designed screens or combinations of
screens and gravel envelopes, cxcessive guantities of sand will be pumped
vhich may ultimately cause the failure of the welle Furthermore, pumping
sand shoriens the life of the pump becausc of the wear on the impeller and
bearings. 1In view of these facts, the study of the flow of sand into wslls
was included as a part of the Well Screen Investigations being conducted
by the Diviéion of Irrigation Engineering end Water Conservation of the
Soil Conservation Sorvice in cooperation with Colorado Agriculsural Dxperie
ment Station, Colorado A and M College, and certain Well Screen lManufacturers.

The major objocltives of this project are:

(1) To determine tho loss of head through various types of well screens
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with and without gravel envelopes under a wide i1ange of flow conditions

for the purpose of finding which types of scrocns ere hydraulically

most elficient.
(2) To deteimine the charactsristics of well screens and gravel envelopes
that will be most efficient in i1educing the flow of send end incroasing

the flow of woter into the wellrwith o minimum loss of hegad, .

(3) To determine the effectiveness of the natufal gravel envelope formed
by surging or other means when suvitable material occurs in the aquifer.
The present report deals with the last two objectives of the study.

Two progress reportls heve been submitted proeviously which give the
results of studics concsrring the first objective of the investigation. The
report on Hydraulic Propertices of Well Scrcons by Gilbert Corey, deted June
1949, is based on tests of the loss of head through various types of woll
screons with and without gravel envolopes. This report shows that increasing
the percentege of openings reduces the loss through the screen up to a cer-
tain point beyond which furthar increases in the percentage of openings have
no effeot on the loss. Within the range tested this percentage is the sams
for all types of screens regardless of the guantity pumped or the size of
gravel vsed in the envelope.

The report on Effect of Woll Screens on Ilow into Wells by Jack S.
Petorson, dated Jenuary 1952, is a study of the theorotical law of flow into
wells and inciudes experimental data confirming the law. As a roesult of the
study, a foriwula was developed which indicatles that there are other limiting
factors in addition to the percentagoe of opoenings which, beyond a certainv
point; do not have any effect in reducing the losses through the screen.

Thesoe factors are the length end diametor of the scresne The special tests
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made Lo check the validity of this formule showed that the theoretical
formla and tho experimental data were in closo sgreemsente The theoretical
formula also shows why increasing the percentage of ovpenings in the scraen
does not decreaso the loss through the screen beyond a dofinite limit.

The results of the studies previously reported were all based on full
scéle tests of screcens and it was thought that the {low of sand into wells
could be investigeted in the same wey. An attempt was made to conduct ifull
scale tests, but it was found thst tho labor of handling the large quanti-
ties of sand end gravel required, made the cost prohibitive. In wview of
this fact i{ was decided to conduct the preliminory tosts in a model, The
results of the modecl studies. would bte used as the besis for determinin
which screen and gravel combinations were the most effective in controlling
the flow ef sand of & particular size. Full scale tests of these combine-
tions would later be made tc determins whether these combinations were
effective in controlling the flow of sand wader the conditions aciually
found in awell. In addition to thesc tests, investigaticns would be con-
ducited to determine whether a satisfactory gravel envelope could be obtained
by proper development of a water bearing sand made up of sizes ranging from
fino to coarse. Theso studies &lso would bo made in a model similar to thet
used in the tests of tho flow of send. The resulis of these investigations
are discussed in this report.

FIOW OF SAND INTO WRIIS

In the tests of the flow of sand into wells, the basis of comparison
vas the amount of sand washed cut of tho formation at differont velocities
in e definite time for various combinations of sands, gravel cnvelopes and

screoens. Sand and groavoel with particles of uniform size were used in the

S
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tests. Tho effectiveness of the various combinations of sand, gravel and
well screen was compared on the basis of the amount of sand moved under %the
difierent conditions in the modol.

In & true model all the paris have to be proportioned according te the
Jawis of similitude. Because of the difficulties that would s encountered
in building scale mocdels of the screens and in determining the sizes of
gravel and sand to be used; a different plan wzs adopted for tihis studyl

In was essumed that tests of the flow of sand through a horizontzl pips
in which the sand, gravel and screcn were pleced in the same ranner as they
would ooccur in a well, would give comparacive indications of the amount of
sand movement et cdifferent velocities. For those tests the sands and gravels
would be the same as those used for the full scale tests and the screens
would be circular disks cuc from standard screeias. Tue discharge would be
reducod so that the velocity through the sand and gravel viould be the same
as that in the prototype.

It was recognized that the flow lines in tine model would be parallel
whoroas they should be radiel if they were to conform to “he flow in the
prototype*. However, it was decided that it would be better to disregard
this fact in these tests rather than to attempt to build a model with &
converging section because any errors caused by this difference would be
corrected when the final full scale tests were made. Furﬁhermore, since

21l tho model studies were to be made in the same way, the relative effcc=

* Hydraulios of Wells, Utah State Agricultural Experiment Stetion Technical
Bulletin 251, by Dean F. Petercon, Orson W. Israelsen end Veugnn E.
Hanson, 1952.
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tiveness of the differcnt sand, gravel and scroen combinations would pe
apparent from tho tosts.

Bquipmont for Study of Flow of Sand into Wells

A clesr plastic tube 6 inches in dismcler (0eD.) and 52 inches long wvas
vsed for the lests of the flow of sand into wells. (Ses figure 1.) The ends
of the tube wviere closod by weans of plates with recessed grooves containing
rubber gaskets.s Four rods with wing nuts were usod to clamp the plates cn
the ends of the tube. By tightening the wing nuts e walertight seal way
obtained. This arrangoment mode it possible to assemble and dismantle tae
equipment cuickly. Each plate was equipped with hose connections for the
vater supply. %he rate of flow was controlled by valves in the inlet and
outlet pipes.

Fiezometer connections for measuring tho head in the plastic tube were
provided at the points shovn in figure l. The piezometers consisted of shorti
pieces of brass tubing 1/8—inch in diamcter (0.D.) which were driven into
holes drilled in the plastic tube until flush with the inside of the plastic
tube. Since the plastic tube was only 1/@~inch thick a boss was welded to
the tube at each hole. The ends of tho piezometers were turned true in a
lathe end a disk of fine mesh screon was soldered on the end of each plos-
ometer to keep sand from entering the opening.

Pressures worc measured with manometers consisting of S/B-inch glass
tubing (T.D.) mounted on &« board es shown in figure l. Standerd cross-secction
paper with 1/10~inch divisions was cemented to the manomoter board back of
the tubes for reading the pressures. Connections betwsen the piezometers
were nade with rubber tubes. The assembled equipmsnt is shown in figure 2.

In order to eliminate tho errors duc to differences in the diameters of theo
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gless tubes, corroctions werc applied to the readings of the manomoters
that wore off sizc.

Water for the teste was dreawn from a 20600 gallon constant-level tenk
set 6 fecl above Theo floor of the tost area. This tank was filled with
city water which was kept in the tank continucusly so that i% would have
the same temperature as the labozatbry and consequently would have no ten-
dency to give up or absorb air. During tests a small stream of city water
was turned into the tank to keep the level constant. Two four-inch pipes
sot vortically with the open ends at the desired level, provided spillways
for excess water coming into the tank. S8Since the amount of water used in
the tests as well as the inflow was small, a fairly constant.temperature
of vator was maintained.

A head of 10 feet was available from the tanlk. Becauso this head was
too small to drive the roquired quantity of water through the model when
testing fine sand, water at city pressure was used for these tests. A
mercury manometer was used Lo measure the head when it was necessar; to
apply city pressure.

Small squares of standard screens were furnished by the manufacturers
for tho tests. Slightly oversize disks were sawod from these squarcs.
These disks were grourd sccurately to size so that they would fit snugly

in the plastic tube. Similar disks of 4~mesh heavy wire screen were made

to hold the sand and grevel in place in the plastic tubo. Stops were welded

on the insideo of the tube to hold the wire-mesh screens in position. The

wWoll screon vias held in place by a collapsible motal slesve that fitted

inside the plastic {tube. Since it was not possible {o make the totel length

of the column of sand and gravel exactly the same for each test the collap-
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Lible sloeve provided a means of holding the well screen firmly egainst tho
gravels It also made it possible to remove tho screen easily.
The followilng screens were tested:

(1) Type B, lattice screens with 1/16, 1,8 and 3/16-inch perforations.

(2) Type C, Continvous slot scrcens with, 0.02, .04, .10 and .20-inch slots.

(3) Type D, Punched screens with L/IG, 1/8 ana Q/lG»inch perforetions.
4) Type F, Mesh scroci with 0.145 snch openings.
) Yi 3 e
Disks cut from screens of the types used in the *tests, are shown in figure 3.

Tae characteristics of these screens are given in table 1.

| sand and Gravel

The sand and gravsl used for the tests ccnsisted of water worn meterial
from a local gravel pite. This materiel was formed by the wearing down of
granite rocks in the river and is very durable. It was washed and screscned
approximatlely to size at the pit. After being dried this material was
screened more closely to size by collecting the part retained betweon
screeuns of tho proper size.

The gravel used for the gravel enveloypes in the model studies consisted
of the 1/16, 1/8, 1/4 and 1/2-inch sizes. Even after careful screecing the
particles wore not a2ll of the exact sizes indicated. Te debtermine tae
characteristics of the gravel more closely, a detailed screen analysis was
made of & sample of cach size. The screen esnalysis of the difforent sizes
is shown in figure 4, and the diameters of tho 50 percent sizes are given
in table 2. Samples of the various sizes of sand and gravel are shown in

figure 5.

e ————
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Tablo ;e-- Characteristics of Well Screens used

S o S Percent
Symbol Type _ Yaterial _ Slot Width _ Open Arcas
B-a. Twin flov Galve iron 1/16 3,46
B-b Twin flowr Galv. iron 1/8 7.15
Bro Twin flow Galv. iron 3/16 11023
C-a Continuous slot Bronze 0.020 18.18
C~b Continuous slot Bronzo « 040 30,76
C-c Continuous slot Bronze <100 62,63
C-d Continuous slot Bronzo . 200 €8.96
D-a Punched slot Galv. iron 1/16 2.54
D=b Puncihed slot Galve iron 1/8 4,77
Dec Punchod slot Galv. iron &/16 6.67
F-a Wire mesh Black iron « 145 33.64

* These values are the percontages of open area for screens ) foot in
.~ The percentages for {he disks of punched and twin~flow
screens tested in the model arc somewhat higher bocause the perior-
ations were uniformly spaced over the entire area.

diametere.
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Table 2¢-- Charactoristics of sands and gravels used in tosts

e B

Classification 50-percent slzo Porosity
Inch
40~60 Sand 0.0112 0.400
30~40 Sand 0169 415
20-30 Sand 2027 827
14-20 Sand . 040 « 430
10-14 Sand* «060 0422
1/8-inch Gravel 120 «414
1/4~inch Gravel 222 «395
1/2-inch Gravel «483 397

* Also used as 1/1é-inch gravoele
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For the water bearing formshtion sends of the sizes retained between,
the following standard screens werc used: 10-14, 14-20, 20-30, 30-40 end
£0-60. Tho analysis of the sand also, is shown ir figure 4 and table 2.

According to tests on protective filters made by the Barth iMaterials

‘laboratory of the Bureau of Reclamation®, the ratio of the SO0-percent grain

size of the filter meterial to the L0~percent grain size 6f the base material
should be betwoen the limits 5 and 10, when uniform grain-size materials

are used. For tho tests on the flow of sand the ratios of the &0-percent
sizo of the gravel in the gravel envelope to the bO-percent size of the

sand in the formation were 2s follows:

Gravol Sand Ratvie Gravel Send Ratio
Size Size Gravel/sand Size Sizo Cravel/sand
Inch Screen Noes Inch Screen lio.

1/16 20-30 2.4 1/4 10~14 Bl
1/16 30-40 %4 1/4 14-20 5.2
1/16 40-60 5.1 1/4 20-30 8.0
1/8 14-20 2.6 1/4 30-40 1145
1/8 20-32 4.0 1/4 40-60 17.2
/8 20-40 5.6 1/2 10-14 7.4
1/8 40-60 8.6 1/2 14-20 11.3

1/2 20~30 14.1

These ratios show that the full range of ratios recommended by the Bureau
of Reclamation was covered except in the caso of the 1/ﬁ6~inch gravel whors
a fine send should have been included.

Becauvse the velocity in the model for a particular sand deponds on the
porosity of the sand, the material uvsed in the experiments was tested for

porosity. The porosity was determined by immersion in water. The rosults

St

* Laboratory Tests on Protective Filters for Hydraulic and Static Structures,
Farth ¥aterials Laboratory Report No. EN-132, U. S. Bureau of Reclamation,
1947,
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fand 20 inches deep. (See i
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of theso tests ore given in tablse 2.

After the water passed through the model it was measured by means of

fcalibrated orifices In %the bottom cofo cylindrical tank 14 inches in diameter

vre 2.) The orifices were round holes having

e}

sharp edges cut with e lathe in the céntcr of circular brass disks. The
disks were fitted into holes cut in tho bottom of the tenk in such a manner
that the face of the disk was flush with the bottom of the tank. Four dif-
ferent sizes of orifices were provided to measure the range of discharges
required for the teshs. The disieters were 0.23, 34, .48 and .62 inches.
One orifice was used at = time. Those not in use were shut off{ with rubber
stopperss With these orifices it vms possible to measure the flows required
for the tesis. The head on the orifice was meesured with & hook gage in e
stilling well on the outside of the tank.

Although the flows to be measured weroe small, ranging from 0.321 to
5:14 pallons per minute, discharging this amount of water into the tank
caused considerable turbulence. To reduce the turbulence, the water wvas
discharged into a can 3 inches in diameter from which it overflowed on to
e horizonﬁal screen 8 inches sbove the orifices. This screen, which had
48 moshes to the inch, distributed the flow end cubt dovm the velocity.
Bach orifice wves calibrated by weighing the discharge in a definite time

for several different heads. The results of the calibrations are shovmn

in figure 6.

During the full scale tosts of standerd screens proviously made, the
head losses were mozsured for discherges of 0.0625, .125, .250, 500, «750
For the model, these

end 1,000 cubic foot per second per foot of screen.

discharges would have to be roeduced in proportion to the scale ratio, if
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tho volocities were to be kept the same as for the full sosle tests. The

required discharges were first compuled on tho basis of the ratic of the

erca of the woll scrcen in tho model to the area of the screen in tho pro-
totypo. Horever, it was decidoad that this method was in error because the
critical arvea wes the intorfaée between the weter-bearing formatlon and the
gravel envelopa. The flows actually tested in the model were based on the

ratio of the arecu of the interface in the model to that in the prototype.

Method of Conducting Tests on TFlow of Sund into Wells
In the study of the flow of sand into wells and the accompanying changes

in the hecad losses, it was recognized that the degree of compaction of tho

gravel envelope and the water bearing formetion might have considerable

offect on the results obtained. For this reason a standard procedure vas

adopted for conducling the tests. It was hoped that the errors duve to com-

paction of the material would be kepl to a minimum by this method.

The plan adepted for condueting the tests was to measure the head
losses in tho sand end the gravel at the points indicated in figure 1 at
the beginning and the end of each toste Fach test lasted the same length
of times At the end of the test the gravel onvelopa was removed from the
plastic tube and then washed to obtain the sand that had been carried int
it from the aquifer. The sand that passed through the screen was also
tollected. The sand eauvght was then dried end screened to romove tho rock
Fowder formed during cnch test by handling the sand and gravel. Each screcon
s tested for suitable combinations of sand and giravel and fer tho range

°f discharges required to establish the pattern of the sand movement with

fneregse in veloecity of flow.
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Whon geliing ready to make a test, tho plastic tube was sct vertically

e. plate having a plug thet just fitted the inside of the tube. One of

on <

the wire mesh screens was then placed in position on the stops in the tubeg

after which the tube was filled with water. The sand chosen for the aquifer

was then placed in the tube by hand, each hendful being placed in contact

:ith the material slrecady in the tube so thet there would be no tendency for

the particles lo segregate eccording to size. Sand was added until the

colum was about one incl: higher than the final length required. The sand

vas compected by tapping the tube 24 times with a plastic hammer. The taps

wvore equally disbributed elong tne axis of the tube on six lines 60 degrees

apart. If et the ond of 24 taps the sand column was too long or too short,

sand was removed or acddsd until the cesired length ef column was obtained.
After tho sand had been compacted another one of the mesh screens was placed

in the tube on top of the sand and rotated until it was level.

The gravel was then placed in the tubo in the seme monner as the sand.

1t also was compacted by tapping the plastic tube, but only 18 taps were

given to the tudbe. After bringing the gravel up to the desirod length the

surface vas leveled by rotating a wooden @isk on the gravel. This disk had

radial grooves in the bottom to increase the effectiveness of the smoothing

ection. The disk was rotated by means of a handle attached to the center

of the disk. Another dick ebout six inches above the grooved disk acted as

8 guido so that the Tinal surfece of the gravel would be at right angles ‘o

the axis of the tube.
After the surfacc had been loveled the well screen was placed on top
of the gravel and pressed down until the gravel was in contact with ell

Farts of tho screen. The screen was held in place in this position by

BRI
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the collapsible sleeve which vias pushed dovn against the scroeen.

|
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While still in the vertical position the water was slowly drained from

tho modele. After the water had drainod out of tho tube it was placed in

he cradle in a horisontal position eg shown in figure 2. The end plates

' were then attached and drawn tight by means of the wing nuts on the tio

rods. The approximate quantity of water requircd for the test was turned

into the model and alt the same time the downstirecam end of the tube was raised

6 inches so that eir in the sand end gravel would be forced to the top es

the water rose. (See figure 7.) While the modol wes being filled,. air vents

along the top of the tuve were kept open.
After 21l the air visible in the tube had escaned tho air vents ware

closed and the tube was lowered to the horizontal position. The pilezometers

along the side of the tube were then opened one at a timo and allowed to

dischergo until all the entrapped air had escaped. As soon 2s the flow

bscame uniform the piezometer was connected to the proper glass tube on the

manometer board. When all the piezometer connections had been made, the

lovels in the manometers were checked to sce whether there vas air trapped

in eny of the rubber tubcs. This could be easily determined because the

gless tubes on the manomeler board were arrenged in the same order as the

Piezomelers and consequently any radical change in the difference belween

levels in adjacont tubes was irmediatlely apparent. Disconnecting the rubber

tube at the piegzometer and allowing the water Lo flow out of the manometor
took care of this problem.

"hen all the manometers were working properly, the flow through the
rodel was adjusted by regulating the valves on the inlat and outlet pipes

wilil the corrsct head was indicated by the hook gapge in the orifice %ank

.
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for the desired discharge and the orifice in use at tho time. This adjust-
~ant was made as quickly es possible because variations in the rate of flow
would affect tho amount of send movement.

In the preliminary tests, wihen stable flow at the desired rate had besn
established, and after the elapse of 30 minutes from the time water was
turned into the model, 21l the rubber tubes leading to the manomecters we;a
shut off at once by means of a clamp that extended across all the tubes.

This arrangement made it possible Lo get simultaneous readings of the heads
at all plezometers. As soon as the readings had been teken and recorded the

clamp was released. A second sct of readings was taken in the same manner

30 minutes later,

The original plan was to rua oach test for one hour but it was observod
that practicelly all the sand movement occurred in the first Z0 minutes.
For this reason all excepl the preliminary tests wiere for a 30-minute period,
Furthermore, the preliminary tests showed that the heads registered by the
Plozometers did not hold constants As *the sand moved into the gravel enve=-
lope the total head loss et first increased and then after most of the sand
rovement had stopped the head loss gredually decreased. Beocausec the initial
reading of thé head loss was affected by the time required to adjust the
flow, these readings were discontinued and for most of the tests the readings
et the end of tho test only werc telren. It is believed that the head Jlosscs

~

roasured et this time are a measurc of the Jjosses that would occur in a well
wnder similar conditions.

After the manoreter readings at the ond of tho tes® had been taken and
Tocorded, tne inlet velve was closed and an air vent on the top of the model

Cponed. This permitted the water to discharge slowly through the outlet
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hoso. When the wateor had drained down to the lJevel of the outlet connection,
the end plates and also the collapsible slceve and the well screen were

removed. Sand that hed passced through the gravel envelope end was caught

in the chamber st the end of the tube was collocted. The gravel envelope

yas then removed, care being taken to recover £ll tho sand. After the gravel

had beon removed the sand was dumped cut and saved for reuse latler, However

81l material that vias screened ovut of the gravel vas returned to the send

so that the characteristics of the material would not change during the

testing program.

The sand waes removed from the gravel by screening end washing. In each

case a screen of appropriate size for the grevel being tested was used in

separating the sand from the gravel. The wash water and sand were ocaught

in a tub from which the sand was later recovered and dried. The sand that

went through the gravel envelope and was caught in the space at the end of

the tube was added to the material washed oul of the gravel envelope. After

the sand head been dried it was screened to remove the material finer than

the original sand. This fine material which resulted from the hendling of
the sand and gravel consisted of rock pewder. Since the weight of this finc

material was small the total weight of sand was used as the basis for comw
paring the amount moved at each velocitye. |

A complete record of each test was kept on forms prepared for the pur-
pose. The record consisted of the type and size of perforations of the
scroen, the size of sand in the aqguifer and gravel in the envelopo, the

ranometer readings, the sizo of orifice end the gege height, the temperature

of the water after it had passed through the model, and the weight of the

Sand moved.
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zpsults of Tests of ¥low of Sand into Viells

The rzsults of all the tests on the flow of sand ére given in table &.
-we de.ta were assembled éccording o the various combinations of gravel
onvolopes and sands, end the tests on all the screens with a particular sand
and gravel combination are showa together. This arrangemeni of the data
rade it possible to compare the effcct of the different screens on tho flow
of sands The amount of sand moved for the progressively increasing discharges
is also shown for each screcean together with the actual velocity through the
sand during theo testc, that is, the velocity through the intersticies between
the sand particles.

Analysis of these deata indicates that thoe amount of sand moved into the

gravel envelope increased with the velocity. At low velocities this is not

always true, but for these velocities the amount moved was so small that
the unavoidable insccuracies in tho worik overshadowed the effect of the
increase in velosity. However, at higher velocities the increase in sand
movement with increase in velocity is readily apparent. It is also apparent
that the amount of sand of & given size increeses if the size of the gravel
in the gravel envelope is increased. It was originally thought that the
anount of send movement would no% be greatly effected until a critioal velo-
city was roached; but this is not shovm by the data in the table. If there
was a critical velocity it was not apperent from tho tests. However, such

8 point might have been found, had observations been mede at more velocitles
in the critical range. For the tests reported each succeeding velocity vas
double the previous one. This distribution givos uniform intervals on a

log plot bub it was probably too great for this problem. Because of the

time required to make the tests, the number had to be limited. This method




_ Table 3Js.=~ Summary of Results of all tests of flow of sand into wells.
(Actval velocibty through send in model in feat per second times 1072 and amount of
sand moved in grams dry weight., Duplicebte readings are marked with an asterick),

19

Gravel Sand Well Screen Equivalent flow i:

o

W in probtotype in cubic feet pe

Size  Size Type Slot 0.0625 0.125 0.250 < 0.500 0. 500 < .00 .00

Screen No. Width Vele Sand Vel. Sand Vel, Sand Vel. Sand Vel. Sand Vels Sand Vel. Sand
Inch Inch
1/16  20-30 C-¢ ©C.100 == == == a= 3,76 0.0 == == 7.5 3,0 == == 14,9 1,8
1/16  30-£0 C-c «100 == == 1,92 1.5 3.82 1.1 6.27 1l == a=  e- - == e
1/15  20-60 C-c ,100 1,23 0.8 1.99 1.9 3.02 1.1 -- -- -- -— -- - -- -
1/16  40-60 C-b (040 1423  2¢5 198 1.7 == == == == T.97 2,5 == == em a-
1/16  40-60 C-a .020 1,23 1.1 1,99 1.1 3.10 1.9 == - T7.97 2.4 - -— e -
1/16  £0-60 B-a 1/16 1.23 1.0 1.99 1.0 2,89 1,3 == == 7,97 2.8 == o=  -= oo
1/16  40-50 D-a  1/16 == == 1,99 1.9 == == == == 7.92 2,5 == ==  ea o=
/8 20-50  G-b 080 == == == em 371 1.7 == = 7,70 1.2 12,8 2.3 - oo
1/8  30-40 C-¢  .100 == -~ 1.92 1.5 3.82 2.1 5.80 4.1 e= - - -- 15,3 110
1/ 30-49 C-b W00 == == 1,92 2.1 3.85 4,0 g:gi g:i* —— mm ee -= 15,3 16,4
1/8  30-40  C-a  .020 ==  -= 1,93 2,1 3.82 3.3 g:gg g:z* . e m= m= 153 15:7
1/8 30-40 B-b 1/8 -— -- 1.90 1.4 3,82 3.1 5.51 3.6 -=- - -- = 15.3 15,2
1/8  30-40 B-a,  1/16 == == 1.90 4.0 3.82 5.5 g:gg Z:g* —=  ww  ew  e= 1542 Y¥8.5
1/8  30-40 D-b 1/8 ——  e= ee ee 3,80 4l m= e= 7,86 B44  -= == 15,2 15,7

1/8  30-40 D-a 1/16 - .= mw == 3.83 4.5 == a= 7,66 8.2 == == 15.2 14,5

1/8  £0-60 C-c c300 99 3.4 1.98 5.5 2.92 10,7 ife  fer T.97 68,7 e=  mm ee .-
/
/8  40-60 C-b 040 108 6.8 1.90 7.3 3.42 15,7 == == 7,97 A2.5 -- == == ==



Table 3.-- Summery of Results of all tests of flow of sand into wells., (Continved)

Gravel Sand Well Screen

Size Size Type Slot 0.0625 0.125 _0.250 < 0,500 _*QQSOO <Ji.00  1.00
Screen No. Width Vele Sand Vel. Sand Vel. Sand 7Vel. Sand Vel, Sand Yel. Sand Vel, Sond

Incn Inch

1/8 40-60 C-a 020 «29 5.3 1,96 1.2 2.99 18.0 - - Uo7 B399 - - - -

- e @ e e em Em E mm omm b e am s e o e e e am e es em e e mm mm ee M e e mm e e e me e em me ws e ms e e e e e me me em e e e e .

1/4 20-30 c-d «200 == —= 1,86 1.8 3,70 3¢5 -- - TJ.4& 1042 12.3 23¢4 1£.9 E55.8
1,85 8.0% = 15.1 2le5%
1/4 20-30 C-¢ 100 1.07 2.3 [ oo gle 373 505 == —=  T.65 T5 - “=  J4.9 s9.8
1/4 20-30 c=b .040 == -= 1486 2.1 3.73 6.4 - = Te51 17.2 12.5 25,4 14.9 45.9
1/4 20-30 B-o  3/16 — -=  1.85 2,4 3.73 4,0 -- = Tefl 14,2 11,8 30.0% 14,9 55,0
1/4 20-30 R-b 1/8 -- m=  1.86 2.7 3,76 5.3 -- —=  7.65 1647 12.2 25,0 14,9 55.4
/4 20-30 D¢ 3/16 == == == == 3,73 4.5 -=  -=  T.44 14,3 ~-  -= 15,0 65.9
1/a 20-30 D-» 1/8 - - -- = 3,73 4i8 - ce Tehh 22,3% == - 15,0 86.6
1/ 30-40 c-a .200 1,19 24,8 1.92 4l.1 3,82 82.8 6.06 152.8 ~- - - - - s
. 1,91 32.3% _ 7.16 293.0%
1/4 30"40 C-c -100 " - 1.92 26.1 0082 70,0 6,06 14‘2'8 - - - - - -
B 6.39 170.6%
1/4 3040 C-b .020 1.19 27,9 1.93 35.2 3.83 80.8 os 1o, ln - - - - - -
i/a 40-€0 C-a  .020 Wash oub s - - - i e - e - - - -
1/2 10-12 §-¢ .200 == - - =  3.74 0.5 o= -~ 7.50 0.5 -- - 15,1 les®
14.9 13.5
1/2 14-20 c-d .200 -- - - e 369 1.4 -- . T8l 1.6 == -~ la.8 2.1
/2 14-20 C-c¢ 4100 == == e em 3.7 145 == == 7,38 1.7 == == 15,0 €.9
- . 14.8 16.5%
.1/2  14-20 B-o 316 == == == == 3.8 1.8 == == TW33 Zusx == -- D00 U
1/a 14-20 D-¢  3/18 - - - - 3,783 16 == = 7,38 5.5 -- =  14.9 10.7
1- 2 20-30 C"b #40 o e 1.85 50:0 '-‘fash O‘lt [ L - - - - - -
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of increesing the velocitics did however provide a plan for covering a wide
;ﬂngé of velocities as there was no way of knowing in advancs what renge of
volocities should bte invesitigated.
Of particular interest in table 3 is theo fact that neither the type of
screen nor the size of perforations had any conspicuous offect on the amount

of sand thet was carried from the water bearing formation into the gravel

pe

envelopee This is no doubt partly due to ths fact that appropricte sizes

of perforations were chosen for each size of gravel tested regardless of the
type of screen. In order to bring this out more clearly, the results of the
tests on all the screens regardless of typo or size of openings with the
same sand end gravel combinations were everaged and then plotted on semi-
logarithmic paper. The results are shown in teble 4 and figures 8 to 12.
These figures chow how the amouni of sand moved increases with the velocity
for each sand and gravel combination and also how it increasss &s the sand
gets finer for oach gravel size in the onvelope.

Tho average amount of sand moved at esch velocity was computed also fqr
each sand and gravel combination for each type of screen vithout rogsrd to
tho size of perforations. The results ere given in table &. They are shoﬁn
Plotted in figures 13 to 15. Theso plots all show the increasc in the amount
of sand moved as the velocity increased. The plots show also that the curve
for oach sand and gravel combination is in approximnately the same position
in each of the figures. This is readily seen because the symbols used for
{dentical sand and gravel combinations are the seme on each figure. The
"ot that these curves sre in the seme position indicates that the type of
!reen had very little effect on the emount of send thet moved into the

[ravel envelope. It should be noted however, that for the higher velocities




Table 4.-- Average of the results of “he tests of flow of sand for all screans
with the same sand and gravel combination and the ssme discharge.
(Velocity in feet per second times 10-2),

Diameter
Cravol Sand Ratio No. Bauivalent flow in protetype in cubic feet per second
Size Size GOravel of 0,0625 0,125 0.250 < 0, 500 0.500 . < 1,00 1.00
Sand Tests Vele. Sand Vel. Sand Vel. Sand Vql Saqd Vol Sand Vel. Sand Vsl. Sand
Inch Screen Fg/sec Grams Fg/sec Grams Ft/sec Grams Fi/sec Grams ﬂq/SCG Grems Ft/see Grems Ft/sec Grams
No,.
1/4 10-14 3.7 1 - - -- - 3.78 0.4  -- - 7.54 0.4 - - 15,3 1,0
1/2 10-12 8.4 i - -- - - I S o - S — - TeB0 05 == - bad Qs
1/4 14-20 5.5 1 - -- - - 5,70 1.5 == = 738 2.7 - - 1502 4.2
i/2 12-20 12.5 ¢ - -- -- - 3.70 1.6 - - 7457 5.0 == - 14,2 10.0
1/3 20-30 4.4 1 - - - -- SeT1 1.7 - - 7.7C 1.2 1269 263 - -
1/4 20-30 8.4 7 1.07 2.3 1.86 S04 3,73 £ B -- -- 7e51 14.7 12,2 26,0 15,0 54.0
1/2 20-30 18.6 1 -- - 1.85 50,0 wash out - - - .- == — == "
1/16 30-40 3.5 1 - - l.02 1.5 3.82 1.1 6.27 1.1 - - - - - -
1/3 30-40 7.1 7 - - 1.91 2.2 3.82 3.8 6.00 566 - -- - - 15.3 1540
L/4 5040 13.1 & 1,19 263 1.92 33602 3682 - TT7e3 €35 176,7 - - e - - -
1/16 40-60 5.4 4 1.23 1.3  1.93 1.5 3.00 1.4 - - 7.97 Ze6 - - - -
1/8 40-60 10.7 3 1.02 5.2  1.98 8.0 3.13 14.1 —— -- 7.97  50.2 -- - - -
1/4 20-60 19.8 1 0.9 26746 -— == - - - -- - - - - - -
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Table S.-- Average of the results of the tests of the Lflow of sand for all screens
of the same %type with the same sand and gravel combination
and the same discharge,

Gravel Send Screen Equivalent TIow in Drotouype i1 2451C 1€t per secona
Size  Size Type Width of . 0.06z0 0,125 D290 AL Ve 500 <

Openings Vel. ~Sand Vel. Sand Vel. Send Vel, Sand Vel,  Send Tel.
Tnch  ooreen Tooh Ft/sec grams Fg/sec grams  FL/Sec Erams  FL/SEC  grams  FLjass | GIOMS T/5¢

No.

1/16  40-80 C .10, .04, .02 1,23 1.5 199 1.6 3.1 1.5 - - £.0 2,5 i
1/16 40-60 3B 1/18 28 1.0 1.99 1.0 2.9 1.3 - - 8.0 2.8 -
1/16  40-60 D 1/16 -- - 1.99 1.9 — o — e 7.9 2.5 it
1/8 30"‘1:-0 C -10, 004, 002 - L. 1-90 109 3«8 301 :‘el 5-9 .. - -
1/8  30-40 B 1/3, 1/15 - - 1,90 2.7 3.8 4.4 5.7 5.0 - - -
1/8 30-40 D 1/8, 1/16 - - - - 3.8 4,3 - - 7.6 83 -
1/8  40-60 € .10, .04, .02 1.02 5.2 1.98 8.0 Ze2 1441 - - 7.9 50.2 -
1/4 20-7C € +20, .10, .04¢ 1,07 2.3 1.86 3.8 3.7 5.1 - - 7.5 11.7 12.4
1/4 20-36 B %/16, 1/8 -- - 1,86 2,6 i 4,7 -- - TS 15.4 1246
1/4  20-30 D 3/16, 1/8 - - -- - 3.7 4.5 - - 7.4 18,3 -
14  30-20 ¢ .20, .10, .02 1,19 26.3 1492  33.2 3.8 77.8 6.3 176.7 - - i
1/2 14-20 C .20, .10 -- - - - 3.7 1.4 - - 758 1.5 o
/2 14-20 3 3/18 -- - - - 3.7 1.8 - - 745 5.4 -
1/2  14-20 n 3/16 -- -- - - 3.7 1.6 - - 7.4 BB -
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when the finest sand was used, more sand was moved in the tests on the type
B and type D screens than in the tesis on the typc C screons. Since the
type B and type D screens hizve smaller pereentsges of openings than the type
¢ scrcens, the velocities through the openings are higher and censequently

the carrying power of the water is greater.

Loss of Head in Sand and Gravel

The results of the loss of hoad rcadings on the pliezomsters attéched
to the model at different points elong the side of the plastic tube (figure 1)
used for the model studies are given in tablc 6. All the tests on each
screen for the various combinations of sand and gravel are shown together.
For each sand and gravel combination the results are arraaged in the order
of increasing velocities, By this arrangement it is possible to see how the
head loss increases with the ;elooity for eacih combination of screen, sand
and gravel.

All the losses were messured welween the piezometer (No. 1) in the
chemver at the downstream end of the tube and the piezomster indicated by
the number et the head of the coluwmn in the teble. The losses were obtained
by subtracting the manometer roading for Piezomsicer No. 1, from the manomster
reading for the piezometer number under which the loss is recorded. AJl
losses are in inches.

As previously explained the rmanometier readings were taken at the end
of each test. In order to get simultenecous roadings ell the manomaters wero
shut off at once by means of a clamp which extended across the rubber tubes
leading to the manometers. Although this melhod msde it possible to get
simultancous readings of the heads it did not eliminate theo possibility of

inconsistencies in the readings. This is particularly neticoable in the
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Table

(Loss of head measured between niezcineter indicated and

6 omm=

Loss of head through sand and g*a"e’ in model s
for various combinations of screen, sand an
n

(See figure).

tudy of f£low of sand into wells

Size o riezometer Number
Gravel  Sand Velocity  Sand 2 5 4 9 6 i 3 g 10 13 % 15
in sand Moved
in. Screen No. i1t/sec groms ine in. in. in, in., in. iBs in. in. ine in. ine

1/8

1/18
1/8

1/8

40-60

40-80

20-30

30~-£0

4£0-€0

0695
.CG0o9
»0196

< 020D
0797

.0123
.0198
.0797
.0371
.077
139
.03.92
.0336
.0581
L0821
.0108
.0199
0242
L0727

{--4

Type C-a screen with C.020-inch siot

~1

(o)
1.1 45.9 26.98 15.64 7.30 5.61 3.75 l.98 — 1,22
1.1 71.0 40,56 2G.45 11.06  8.52 5,36  3-.48 1.59 Lpi52
1.9 O 62,1 32.04 18.056 14.45 10,46 6.35 - 297
2.4 283,4  161.0 86,3 48.9 - 27.9 18.% 11.0 10.6
2.1 37.8 24.06 13.58 7-19  5.45 3.46 1.45 <35 -
3.3 59.4 33,23 24,55 4,86  2.05 1.01 .98 o +93
5.4 89.4 51.26 24,58 10.96  7.20 3.03 1,88 - -
8.9 103.7 60.95 284,34 1.8 8.952 4,35  2.22 - 1.97
5.3 34,8 12.13 8.65 &.70 2,37 .84 022 - 217
11,2 T2lai L 58.96 17.45 713  £.37 1.72 «E6 - 0B
15.0 104.% 5759 27 .69 15.31 9.50 5.21  2.69 - F 53
3945 311.3  12C.3 87,5 5805 - 23.0 23,6 12.0 A0
Tvpe C-b screen with 02.040-inch sleots
2.5 £1.6 23:156 G0 5,04  4.02 2.18 113 - 1.04
1,7 83.2 35,42 LVLTS 9,20 6.96 4,42 1.90 ~-- 171
2.5 303.2  18%L.7 09.6 58.2 47,3 35:5 23.% 14.17 13.69
1.7 21.20  13.07 6.88 3.08 1,99 1.20 -8 - .78
1.2 47.0 23.27 14,61 7.56 5.71 3.63 2.5% - 2.51
203 87.8 - - - = - - e -
Suil 32,2 17.86 7.95 3,06 1.69 e 49 43 -- o3
4,0 67,4 39.8 20.68% 11,23 8.61 5.96  3.25 - <81
3.2 102-9 57,87 22,43 18.85 12.3% 8,61 5,18 .88 1,70
T .G 99.8 61.36 51.:26 17.17 13.52 9,47  5.93 -- 2.08
6.8 36,3 20,36 9.40 4,12 2,74 1.05 .27 -- .26
7.3 6.7 36,78 17.66 2,18 6.73 4,14 2,39 .62 045
15.7 103.1 55.40 24.69 9.90 5.81 2.9% 1,36 - T2
22.5 313,2 177 ,7 20.9 46,9 38,1 25.8 17,75 7.83 3,33

-

C.89 0.47
1.18 «50
2041 1,36
€.69 4,67

27 «15

.75 042

1.51 <96
.14 <05
«15 .02
o 45 N

2,29 1,22

<83 42
1.33 o AL
1.11 6.03

083 «01
s 1,04
4,325 2644

228 <20

.61 .18
1,36 273
1.59 -£8

OEhE] e 17

56 «20

«58 .29
283 1.3

-0.01
- «25
«23
43

[ R

- 501.)
.06

«07
e 505

- 004

- .05
01
.01
JE8

- .C6
«12
.36

= 005

- .18

- «03



Table 6 «-- Loss of head through sand and gravel in mocdel study of flow of send into wells
for various combinations of screen, sand and gravel. {(Continued)
(Loss of head measured between piezometer indicated and piezometer No. 1 (see figure).

Size Piezometer Number
Gravel Sand Velocity Sand 2 S 4 5 6 7 g s) 0 13 TZ )
in sand Moved
in, Screen No. f57%ec groms in. ine ine ine ir, in, in, ine T Tils in, Ty,

Type C-b screen vi ta 0.040-inch slots (cont’d.)

1/4 20=-30 0.,0186 2.1 14.8 9,39 4,51 1.88 1,33 e 27 .08 - .08 .00 = .04 - .12
,0373 6.4 30.6 12.85 10,08 4,45 2,91 1.31 .65 -- ~22 515 .04 - 13
0751 17.2 - 33,83 15.647 3.72 5.96 3450 2.19 1.C8 .35 273 ,40 -~ .01
" .125 25.4 03,9 55, 53 26.29 .18 8470 £.62 2.19 - 179 1l.40 7T = 01
.149 49,9 128.2 79.2 43,83 24,1 16.5 10.5 GEY £63 3.5 2,55 1,46 15
1/ 3C-20 0112 27.° 17.32 Soksks) 4,09 1,58 27 «38 016 - <03 202 = ,01 - 05
.0183  33.2 26.96  14.84 Bl M 1,80 « 96 =38 - -- 11 -09 04 - 0L
.0283 82,3 52.8 32,12 13.53 4,45 Sl 1.27 «87 - <18 «15 06 - ,03
0606 124.7 91.7 49,35 21,93 8.58 5.84 369 1.2 -- »76 « 97 04 .04
.06%9 170.6 103.5 55,03 21,0 8.£7 6.1.3 4,06 2.63 - 1.27 W42 .21 - 07
Typo C~c cerecn with 0,100-inch slots

1/16 20-30 +0376 0.0 19449 12.02 G.71 4,00 % S 254 - 2.49 -- 1.86 1.03 C.20
0745 3.0 40.83  25.0% 13.85 8,36 6.58 5,16 -- 4,29 - 3.70 2,06 w39
»149 1.8 835.8 53 .€6 - 19,26 16,15 12.87 10.70 - -- 5.56 4,17 .37
1/16 30-40 <0122 1,5 28.9 16.42 8:.65 2,54 3.25 1.85 1,27 - 1,1 .93 <30 « 04
03582 1.1 59.5 35 .C6 15,62 8.47 £.09 3420 2.925 - 2.79 2,18 1,21 é1l
0627 1.1 103.0 56,15 27.08 13,20 .29 5.29 5.10 - — 3.85 2011 .22
1/16 40-60 0123 .8 41.64 22.30 11,09 5.72 4,90 2.86 1.91 - .82 o 71 W39 .05
0199 1.9 635 35406 16,71 6.92 4.05 1.45 - - - 096 «52 «03
0302 1.1 103.81 58.71 28,77 16,57 10.1¢ 5.09 2.30 - 2,15 1.69 »28 o 2
1/8 30~40 03252 1.5 325 18.75 2.14 4,22 2,81 1.53 W49 - L) 031 12 = L,07
03562 261 65.2 37.56 19,60 10,58 3.00 5,329 3.08 - -89 .71 35 = .09
.068 4.1 102.5 57493 26,02 11,59 7.81 3423 1.94 - 172 1.34 73 - .05
1/3 £0-60 .0099 Sed 36.9 £0.50 19,55 L.23 2469 1,25 .40 - «23 <16 .05 - .02
.0198 5.5 Tded 40,42 18 .87 8,98 6.28 4,04 1,07 - o33 233 «16 - .05
«02%9  10.7 104.2 57451 26,62 12,06 8 i0 3.73 1.47 - ¢ 53 &l 16 - .19

0797  68.7 - - -- - - _—— - - - - - -



Table Ge-- Loss of head through sand and gravel in model study of flow of sand inbto wells
for various combinations of screen, sand and gravel, {Continued)

(5=

(Loss of head measured between piezometer indicated and piezometer No. 1 {see figure).

Size Piczometer Numoor
Gravel Send Velocity Sand 2 3 4 5 6 T B 9 T 13 T2 15
in sand Moved
ins .Screen Nos £ft/sec grams in. inoe in. in. ina ine ings ing in, ina ine ins
Type C-c screen with 0.100-inch slots (cont?d.)

1/4 10-14 .0378 0.4 4,21 2,62 1.35 <68 '52 031 26 - w23 ~18 .06 - 05 »
«0754 o4 10,18 6,45 350 1,99 <57 1.1 <81 - W73 .55 232 - 08
151 1.0 23,80  15.50 8.23 5.48 47 3,65 2.76 - 2.2%5 1.8% 1.02 .05

1/4 20-30 20307 243 5,78 3,64 1,70 66 37 .15 JF - e L4 ol <13 o OF
.0185 8.0 9.90 6,07 2.3% 1.28 .80 e 59 021 - 217 216 <10 .05
.0187 3¢5 11,18 699 4,59 1.75 1,18 e 64 W34 - .29 .30 .25 .10
.0373 545 19,02  11.95 5.97 272 1.72 1,08 o &7 -- 04T o) .29 016
.0705 7.6 2615 1.86 10.05 3:52 1,31 1.09 - - 77 ~56 037 .00
»149 59.8 12345 74,5 42.9 24,6 18.8 1,24 .56 3.61 3:05 263 1057 o4
0151 2355 73.6 43.09 15,52 65.15 3.09 2,67 - - 2.34 W96 1.5 <16

1/4 30-40 0191  532.3 326 12,90 9.49 2,69 326 1.85 .98 AT 015 012 .06 = .02
0192  26.1 29.2 16. 58 T.67 S 20 2.22 1,02 «25 = ,19 = L18 - .22 - ,25 @~ .34
.0382  T70.0 5549 30.21 15,46 5.29 3345 1.95 .26 034 - W24 o1& = 02
.0608 142.8 87.0 a7,17 20.64 8.20 564 382 220! - .80 49 20 - .06
D716 29350 100.2 53,15 27.05 15,53 2.93 6.99 5.42 - 1.68 80 037 203

1/2 14.20 .0370 1.5 2.75 5.81 2.66 1.10 554 o 12 .02 - L0 = 03 - .03 - .10
.0738 1.7 20,90 -- - -- -- -- -— - - - - -
«150 649 £265 - 715 5,471 327 BB 1.83 - 1,76 B5 228 - 05

Type C-d screen with 0.200-inch slots

/4 14-20 037 1,5 8.58 5.01 2440 0.85 0,53 0.32 - - 022 0.23 Cel2 - 05

' L0739 2.7 21,05 13.57 €.56 3,21 2, 31 1.3€ C.80 -- ~79 .61 »35 .C5
+152 4,2 44,42 28,18 1£.85 8,23 5.40 4,35 2.8C - 2+65 1.93 1.85 .15

1/4 20-30 .0186 1.8 15.8 10,16 5. C€ 2 26 1.43 28 05 = 14 - 13 - .15 - W22 - .26
«0370 3.5 - 28.4 17.92 .22 4,45 3,03 1.77 «57 - 27 22 07 - .04
20744 10.4 56.6 24,58 16.793 7.37 4.83 1.59 .88 - .84 €3 43 - 04
£ 12 284 20.7 52,04 23.85 8433 537 3o 54 2.41 -- 1.98 1.54 -85 .13
. 149 55.8 121.0 7249 41,9 2%.83 16.8 1,7 .70 3.46 3.25 2.17 1.25 27 5



Loss of head through sand end gravel in model study of flow of sand
for various combinations of sereen, sand and grevel. (Continued)

Table 6 ¢=--

Loss of head measured botvreen piezometer indicated and piezometsr No. 1 (see £izvrd),
Size Piezometer Number .
Gravel Sand Velocity  Sand 2 3 4 5 6 i 8 9 0 13 14 15
in sand Moved
in. Screen Vo, ft/scc grams in. ine in, ine in, in. ine. in, in. ine 1 ine
Type C-d screen with 0.2C00-inch sioss (conttd)
1/4 30-40 0.0112 24.8 19.3 10.98 5.02 2,12 1.38 0.66 0.18 .08 0,08 - .01 - ,053 =~ ,OT
«0192 4l.1 30,1 16.51 7.21 2,66 1.61 .€1 027 - +18 o 33 102 = 01
.0382 82.8 59.8 33.79 15.19 5.68 289 1.26 059 - - 11 - 17 -~ .34 - .48
0606 152.6 102.1 55.41 24,61 10.56 7.29 4.21 2456 - »83 « 54 031 -05
1/2 10-14 .0374 e5 5.06 2.46 1,09 251 083 015 .06 - <03 201 00 =~ .03
.0750 «5 2,11 S5.44 2.67 l.24 +85 c58 .28 -- 425 .21 .CO - ,02
« 151 1.4 20,88 12,87 6.46 3e22 2.40 lo42 278 -- 073 001 225 =~ 12
1/2 14-20 . Q369 1.4 11.1 6.80 3447 1.82 1.34 «81 43 .06 .07 206 - 04 - 06
SO7T4AL 1.6 23.2 14,16 T.32 2.65 2.76 1.75 e 7 015 1D 07 = 03 = 14
.148 6.1 £8,93  28.19 12.96 5,00 290 1.00 A2 - -89 «69 »39 <0
« 149 13.3 48,6 29,56 15.42 8.04 6.02 Ze 94 1.72 - « 84 .64 «35 =~ .01
Type B-a screen with 1/16—inch perforations

1/16 | 40-60 .0123 1.0= 50.0 29,53 15.72 8.96 7.06 4,97 3413 1,26 l.22 .86 .48 . C4
.0199 1.0 74,3 -- 21.25 9.94 687 3ed4 2.23 - 2.06 1,63 n95 «21
.0289 1,3 103.56 60. 56 27.88 11,76 T.14 2.95 2.84 -— 2.68 2,08 1.05 .04
0797 2.8 239.7 173.8 01.3 49.1 -- 26.3 15.7 15.8 13,4 11,35 7.01 «59
1/8 30-40 .C19 4,0 30.90 17.64 7.82 3.02 1.63 «53 .52 = o 43 «38 .23 a2
0382 5.6 - 39 .98 20,69 10.89 8050 6.00 3.60 1i. 29 - <80 »58 17
.0579 445 92.7 52.18 26.15 12.18 9.62 5.52 3.22 1.97 1,89 1.58 .28 <350

.0583 7.0 -- 59,36 27452 Ll.G1 6.91 3,46 2.14 - 1.9 1,64 1.06 <42

«152 1645 278.0 -- 91.0 55.9 - 358 2406 15.3 110 2.0 642 3.8

Typs B-b screen with 1/8-inch perforations

1/8 30~-40 .019 l.4 3Ze5 20.22 0.74 4.46 294 1.16 .08 - - .02 -~ .12 21 -~ .49
.0382 3.1 66.8 39.40 18.84 8.71 5.97 2,74 1.15 -- 1.05 »34 .46 .04

.0551 3.6 103.1 62.42 31.74 15.42 10,51 3.06 1.55 -— 1,41 1.07 42 - .30
1/ 20-30 .0186 2.7 34,20 823 377 1.39 .72 .01 - .01 - - .02° -~ ,06 .09 - ,18
- .0376 5¢3 28.90 17,37 Bedb 378 2.48 l.02 ° .62 —-- 32 «26 12 - .04

0755 15,7 61.8 -— 18:71 2.03 6633 3.66 2632 1.33 e <91 «5€ .16

e122 25.0 c4.9 55,70 25459 9,70 5.69 2.98 2.28 - 2.18 1.76 1.08 .29

«149 55.4 119.1 T1.9 3047 19.8 13,0 8.4 4, 37 3.24 818 2.58 3 B .36



Teble € ¢=-

Loss of head thrcugh sand and gravel

in model study of flow of sand into wells

for various combinations of screcen, sand and gravel (Co”t:rued)
(Loss of head measured between piczomeber indicated and p‘ooomo ser No. 1 (see figure).
S120 Velocity Sand Piozome ter Number -
Gravel Sand in sand  Woved 2 3 4 5 6 7 2 ) A TS 7
ine Screen Nos ;t/oec grams ine 1N, in, ine ins ine ine Lits iy ine ine ins
Type B~c screen with 3/’6-7nc perforasions .
1/4 2C-30 0,0185 2.4 17,30  10.45 5,01 2,01 1.25 0.36 0.15 - 0,14 J-10 0.05 .04
+0373 4,0 319 20.,C0 9.69 4,11 2.51 e 07 047 - ~30 021 .10 .06
0744 14,2 61.7 38,18 2.59 9. /SiT 7.15 .24 1.46 - 1.C3 =83 s 953 «05
0119 3040 95.8 57.91 2v.69 13,10 8,46 4,66 3,16 ~- 2.00 i «88 el2
0149 55,0 118.4 66,2 41,4 22¢2 15.4 10:1 662 3445 3.32 2035 1.6 e 52
1/2 14-20 .0378 1.8 14,30 8.85 o4 2.16 1.62 1.00 «45 - wO& «03 = 0L .07
0733 3.4 29,31  18:65 2406 &.57 310 1637 62 024 .85 17 .08 e
21483 63 5003 30,15 14,03 6,77 24045 2,41 1,22 - 1,05 «33 «58 -8
. 148 16,5 5700 36,72 19,52 10.88 8627 5044 3417 <46 042 #26 .C0 032
Type D-a screen with 1,/16-inch perforations
1/16 240-60 <0199 1.° 75.3 -- 22 .36 12,16 9.29 6,26 2.94 - 227 1.87 1.12 627
0792 205 300.5 1735 LIS 5366 - 3356 2460 12,36 12,45 10,44 6033 1,93
1/8 30-40 «0383 &e5 70.3 62,37 23,57 15.58  10.29 6,61 5408 1.48 1e27 1.25 082 052
0764 8.2 116,9 618 :3,% 17,7 13,50 2.08 5.41 35465 J3eS5 2.97 1.27 » 86
152 14,5 284.7  158.7 72.3 51.1 £2.8 32a5 23.% 1Zni® 11,5 —-— w73 381
Type D=b screen xzt ﬁ/8-:ﬁch rerferati ons
1/8 30-40 .0780 4,1 53,9 28,67 13 .7 6.91 5/e22 3.22 1.35 1.086 1.C3 282 046 «0C
0764 8a4 126,2 74,0 410_ 22.41 16,31  11.26 6463 32 3,02 2,43 1,41 o0
152 15,7 2592,7  150,2 7.52 - 32¢4 21.1 12.8 9.30 8,34 7,06 4,051 1,69
1/4 20-30 ~ 0373 4.6 31.53 19.2 10.30 5,11 & 69 2411 <73 <26 027 20 .03 .10
20744 22,3 46,8 26,7 12,86 6.20 4043 2.68 1.56 1617 1.07 .89 256 .16
« 150 66.6 116.7 7341 58,7 1747 10.9 6.6 4.6 - 4.0 3,28 2,35 1.05
Type D=c screen with 3/16~1qch perfeoretions
1/@ 20-30 0372 4,5 20.46 19.05 9.59 4.2 2069 1.26 A1 -- <35 <28 .15 .02
0744 14,3 48.8 28475 14.60 TohT 5:32 3.26 1l.23 1.14 1,14 «95 .62 28T
«150 65.9 117.1 69.6 3867 29+4 14.4 10.62 7e22 4.0 3473 3.03 2010 83
L/Z 14-20 20378 1.6 10.71 6e35 3.01 1,30 <86 46 .09 .04 -C& c2 = .02 .05
«0738 565 2227 1325 6.64 3edd 261 1.80 1.16 « 36 B4 50 . 2l .C6
«149 10.7 49,1 14,64 €.85 4,90 2056 1.29 - 1,26 1.06 .66 25

29.66




ol B

s small.

-~

head lossos measured in the gravel envelope wheore the losses ar
Since some of tho losses are nezative, the manomstor readings at these plez-
ometors were less then the reading for ihe plezometer (No. 1) in the chamber
at the end of the plastic tube. It was thought that this might bs due to

the fact that the velocity in the gravel was higher then that in tho chamber.
Since tho velocity was hignher, the pressure would have to be lower. How-
ever, computation of the change in veloclity head for the change in velocity
at the very low velocities involved, showed that the differences in head due
to this facto:r were too sm2ll to sccovat for the negative readings.

¢ reacings cannotv be dismissed as errors in reading because

These necatliv

there is & progressive change in the head losses through the grevel {rom the
interface to the well screen even when the negative readings occur. The most
plausible explanation for the negativé losses is that the head indicated by
Piezometecr No. 1 was too high et thao instent the clamp was epplicd to the
tubes. This could heppen beceuse this piezometer would be more activo than
the ones in the sand and gravel where sand particles would tond to clog the
screen in “he piezometer openings.

Most of the negative losses are less than 0.) inch, bub in a few tests
they are nigher. The magnitude of the negative losses is probably some
indication of the accurecy of the head measurements of the niezometers.
Howéver, it ceimol bs essumed that the ncgative resdings erc causcd entirely
by the failure of the plezometers Lo indicate the head correctly. These
readings are probablykthe result of the cumulative effect of various factors.
The interface vetween the sand and gravel was normally ot Piezomcter

to. 8, but some deviation from this Jocation occurred becsuse it wes not

Fossible to tell exactly whore the interface would come after the sand and
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gravel) columy had been compacted. As is shown by the tables nearly all the
loss occurred betwcen the upper ead of the column, Piezohoter ¥oe. 2 end
Piczometer Wo. 8, at tho interfoce. The reason that the difference in losses
at Piezometer No. 5, 6, 7 and 2 is small 1s thet tho distance between theso
piezometers is only a fraction of an inch. For Piezomsters No. 9, 10, 13,
14 and 15 the losses are small, becausec these piczometers measure the loss
through the gravel. The data indicate that thc loss through the gra#ol
increased when a large quantity of sand was washod into it but since the
velocity was e&lso higher vhen this occurred it is no% evident how much of
the increase was due to each cause.

For the tests on oach combination of screen, sand and gravel, the total
loss through the sand and gravel increases with the velocity. According to
Parcy's law the losscs should increase in direct proportion to the irerease
in velocitys Since the tests were arranged so that each succeeding velocity
was double the preceedingz one, the total head losses should also double.
Althbugh this is approximately true for sbme of’ tho tests there are many
exceptions. Tho deviations are probably causcd by the changes that occurread
in the sand and gravel. Since the velocity of the water causes & rearrange-
ment of the sand particles end since the magnitude of the changes increases
with the velocity, the hoad losses may vary considerately. Furthermoré, the
amount of sand moved also affects the losses and thelr distribution in tho
sand and gravel column. For this reason much groater varistion is to bo
oxpccted in the losses in short lengths of the sand and gravel column. This
is clearly shown by the indicated lossos in the table from Piezomoter o. 5
to Wo. 15, 1In genoeral, the losses increase with tho velocity, but there aro

some exceptions.
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Vhere chcek tests were mads, in cases where piping wes observed or
vhere excessive ealr eccumlation occurred in the plastic tube, wide dif-
ferences in the losses were found. This is due to the fact that there is
practically no resistance to the flow when piping occurs, vhcoreas the resis-
tance is increased when air is trapped in the sand and pgravel.

As should VLe expectzd, the size oi the sand particles was the most
significant factor in determining the head loss. The size of the gravel
also had some effect but since the loss through the gravel is small it was
overshadowed by the loss throuvgh the sand. Tho well screen probably had
some offect, although this is not clearly ovident from the tests. However;
since it has been shown in previous Progress Reporis* that there aro limiting
values for the percentage of openings in screens, beyond which the loss
remains consbtant, no definite trend in the losses should be expected from
these testse

These head loss studies were incidental to the main purpose of the
tests, which was Lo investigete the flow of sand into wells. For this reason
the losses were based on single readings of the manomcters. Becausc of tho
fact that_the head in the manometers flucturates and further, becauso there
is a gradual chenge in the head due to the rearrangement of the pariicles
in the sand and gravel during the test, a singie reading of the msnoreter
is not always indicative of the true head at the point where the pierometer
is located. Much betier results weuld be obtained if the losses woere basod

on the averago of scveral readings.

—

* Hydraulic Properties of Well Screcns, by Cilboert Lee Corey, Jr.; Graduate
Thosis, Colorado A and Ii College, 1949.

Ei'fect of Well Screens on Flow into Wells, by Jack S. Petersen, Carl Rohwer,
and M. L. Albertson. Unpubliched paper, 19&2. ’
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DEVELOFIENT OF FATURAL GRAVEL ENVEIOPE BY SURGING

Whenever the water boaring formation is made up of well graced material
of & vide range of sizes it should be possible Lo form & natural gravel enve-
lope around the well screen by developing the formation. After the well has
been develeped by surging, pumping or other means, only the coarsest material
should remain around tha well screen end as the distence from the screen
increases, the coarseness of the matcrial should decreasc, thus forming a
natural gravel envelope. The effectiveness of this type of gravel envolope
is determined by liow satisfactory it is in conlrolling the flow of sand end
in reducing'the loss of head. In the experiments reported here only the
off;ct on the loss of head was studied. The amount of sand weshed out of

the formation was measured because it was thought that it would be a measure

of the effectivencss of the development of the formatione.

Method of Conducting Tests to Form Natural Gravel Envelopes

The original plan for conducting the tests to form a natural gravel
envelope by surging was Lo put the waler bearing material and well screen
in tho model previously used and then to develop tho formation by surging
with a surge blocke. This plan had to be abandoned bocause it was not possible
to move the surge block fast enough to do an effective job of developing the
formation and furthermore as the fine material was removed from the sand the
formation seltled away from the top of the tube. When this occurred, the
head Jossos werc no longer significant becsuse the water flowed over the
sand rather tnan through jt.

While these preliminary tests were in progress it was discovercd that

Surging by alternately starting and storping the flow through the model vms
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auch more effective than the surge blocks A quick-opening spring valve in

the outlet from the model was found to produvece the quick surges in the {low

necossary to develop the formation.

In view of the fuct that the effectivencss of the surging could not be

measured when the model was in the horizontal position owing to the settle-

sent of the formation in the model, it was decided thst the study would have
to be conducted with the model in the wvertical position. With the model in

this position there would be no tendency for the sand to settle away from

the walls of the model. The whole column would move downward as the fine

sand was removed by suvrging. No doubl the fine parbicles would wash out of
the formation more freely vhon moving veriically downward with the help of
gravity than when moving horizontally under the influence of the surging
action alone. However, the surging action is so much more vigorous than the
action of gravity, especially since the welght of tne sand particles is
reduced by the buoyant effect of the water, tha% the effect of gravity is
relatively small. Furthermore, the purpose of this study was to determine
whether e satisfactory natural gravel envelope could be formed around the
scroon by developing the well. The fect that the natural gravel onvelope
night be formed more guickly in the vertical position is not a factor in

the problem.

A plastic tube 25 inches in length was used for these tests. (See
figure 16.)' A pencrel view of the eguipment is showm in figure 17. The
othor parts of the ecuipment were the sams as before except for the quick=-
opening spring valve which was screwsd into the bottom plate. Water for tha
experiments was dravm frem e tank about 20 feet above tho model. An attempt
vas rado to use water from thoe city supply at full pressure but this did not

Provo feasibdla bocause the weter hammer blew tho tubes off the piezometer

connoctionse
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Figure |G .- Equipment for studying effect of surging.
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Screens of four ¢ifforent typos wsro used in tho tests but only ono
gande This sand had the characteristics shown in figure 4, (See curve
rarked graded sand.) It was formed by adding several sizes of gravel to &
graded sand.

The loss of head through the formation was delermined before end efter
surging for two different discharges for each screen tested. The heads ak
the niezometer connections viere read on the menometer board in the samne
manner as before and the technique in placing tho sand and in measuring the
discharge wes the same as that used previously.

In meking & test the valves in the inlet and outlet pipes were adjusted
until the desired quantity was flowing through the model as indicated by the
head on the orifice in %the discharge tanite When the flow had been adjusted
and 30 minutes after the water had becen turned on, “tho hozds at the various
piezomster connections were read. The water was then shut off at the outlev
valve and surging started. Surging consisted of opening end closing the
quick-acting spring valve 100 times for ecach test. Since it was desiratble
to detormine whether further surging would continue to improve the gravel
envelope, the treatment was repneated soverel times at the lower discharge
rate. At the end of each series of surges the outlet valve was agein opened
and the flow adjusted to the desired quantity. As soon as tho flow was
adjusted the heads wore rcad. After 15 to 20 minutes the initial rcadings
for the next series were taken. At the cnd.of he series of Lests the sand
vashed out of the formation was colleceted, dried end weighede The records
of the tests were kept on the forms used for the stiudy of the flow of sand

into wells.
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Results of Tests on Netural Gravel Envclopes

According to Bernison#*, any water-bearing formztion having an eflective
size greater than 0.01 inch and & wilformity coefficient greater than 2,
does not require a gravelenvelope to develop the full capacity of the for-
mation. If & screen with the proper size of opening is used such a formation
vill produce a natural gravel cnvelopo if the well is developed properly.

The material used for the water bearing forﬁation in the model study
of' the development of a natural gravel enveleope nad en effective size of
0.02 inch and a uaiformity coefficient of 2.4, which is within the limits
recommended by Bennison. A larger size of screen opening than would normally
be adopted for an irrigation well in this formmation was used in the model
study because the preliminary tests showecd that large openings were necessary.
Bocause the surging action in the model was not as violent as that which
would be produced in a full-size well, large openings had to be used in order
to wash sufficient fine material out of the formetion to produce the desired
results. The tests indicate however, that the surging action was not as
strong as should have been used.

The results of this stucy are set forth in table 7. The hecad losses
which were measured between the points indicated by the piezometer numbers
on the left side of the table snd the chamber in the tube at the bottom of
tho sand column (see figure 16) are shown in the table in the columa opposite
the indiceted piezomoter. The losses before and after surging are showm in

adjoining columns. 411 the losses are in inches of watser.

* Ground Water, its Development, Uses and Conservation by E. W. Bennison,
Edward B. Johnson, Inc., Saint Paul, Minnesota, 1947 (see page 257).



. T T I I T M L TR A ey

Tablo 7.-=
envelope in a well by surging,

Sumnery of results ol tests for doveloping o natural grawvel

showing head losses tefore and after

surging end amount of sand washed out of formation.

- 008

Discharge 2,57 gpm Discharge 5.1
ist-= First Surge Second Surge Third Surge Sand First Surge
ance Loss of Head#: Loss of Heads: Toss of Headf hed Ioss of Heedd:

Bet'ore Aftoer Before After Before After 5 Befors ey

Inch Inch Inch Inch Inch Tnch Inch ms Inch  1ineon

Type B screen with l/%—inch perforations

2 0 X518 £5.15 45.48 44,09 44 .64 43,82 124.4 152.5% 13401
3 4.5 25.25 18.12 19.07 18.45 18.34 18,13 87.2 73.6%
4 .98 13 . 18 ORY O 9.75 9,40 9.26 .23 £3,65 30.61
S .75 T.46 571 5.68 £.58 b 55 5,44 29,57 18.€61
6 TR2E 4,62 2.91 2.96 2.90 2.85 2.97 20,326 ~1.98
7 7.50 3.35 2.43 21053 2.55 252 2.683 13.45 6.76
8 7.68 .76 1.28 1433 1,67 1.65 1573 5.87 5587
9 7.87 el 03 &89 025 " 22 25 3,86 4,20

10 8.05 »07 .01 .06 ] .05 .00 - s
i3 B8eZ5. = 05 - .15 - .12 - .03 - .06 - .07 e 0 3.08
12 8.50 - - - - -- -- - .15 «02

Type C screen with 0.100-inch slotb

2 0 49,44 44,00 46,38 43.31 44,36 42,85 275.6 126.4* 121 3%

3 4.5 20.25 12.28 19.06 18.35 18.52 13,00 - -
4 5.98 2,97 Opa O 9.28 8472 B.T4 8.26 2555% 22.74
5 6475 4,07 4,50 4,34 3.59 3660 8 - 510) 12.94 10,89
6 7.25 1,55 1.68 1,65 1.48 1.43 1,43 5237 3e61
I 7.50 <53 065 «56 65 61 « 57 2.01 1,26
8 7.68 224 39 35 <43 0 &2 3L - 20
° 7.87 »00 .07 0L 0% - .04 - .03 « 30 .02
10 2.05 - .03 - .03 - .06 - .04 - .09 - .10 .03 .CA
11 8.25 == - -- - -- - - .09 <04
12 8.50 = .05 - .C4 - .05 - .C9 - .10 - 0%

* Piezometer readings made wlth mercury mancmeter.,
! B ) . ) R
# Loss “hrough sand measured behtween piezometer and wator at boitom of sand column,



Tadle Te.-= Summary of results of

. envelope in a well by surging,

tests for develcping a natural
showing head losses before
surging and amount of sand washed out of formation,

gravel (Continued)

end after

=%
4 g
O -

- .03 + .02 - W06 -

zometer readings made with mercury manomesters,
s through sond measured between piezometer an

d water at

bottom nf

Discharge 2.57 gpm Discharge 5.14&
Dist-* Pirst Surge Second Surge Third Surge First Surge
ance Loss of Head# Loss of Heads: __Loss oP_:ea&L_ Toss of Hea dr 8
Totore ATLer Before After Bef After - Before ™~ After
inicn Irnch Inch Inch Inch Inct Inch inch Inch ns
Type D sereen with l/8—in n perfors
2 0 50,09 41,87 42,52 42&28 43.03 2,63 131.0% 1174 1
3 4.5 22476 17,01 17.07 16.95 1725 7el5 74,0 67.3%
4 5.98 13,28 8.51 8.56 R.61 8,78 8.75 23,78 25,40
5 6.75 8423 4,73 4,85 4,83 5:.05 5,04 19,55 14,44
5 7+25 5.29 2.923 B3+05 3.14 3430 3.37 11.7¢4 8,83
7 7«50 2.85 1.62 1,66 1.39 2,09 2,26 9,04 .91
8 7,68 1,95 1,53 1.61 L.04 2,00 2,06 4,75 4,14
9 b tslg 1,68 132 1.42 1,44 1,62 1.65 %.54 2.G1
10 8,06 i B9 15 T4 W17 NG ~86 520 24 207
1], 8.25 - - - - - - 024 .02
12 .39 - 07 -1,0 - 03 - .13 .00 +05 -- -
Type F screen with 0.145-inch openir
2 C 45,61 42,47 42 .79 41,58 42,38 41.23 123,2% 117,6*
& 4,5 18.85 17.69 17.35 24 17.07 16.51 6G8cL% 62 2%
4 5.98 9.%9 8.85 8.64 8.02 8.13 7.90 251,05 2145
5 5.75 4,49 4,04 3.32 2606 S.64 3.74 13.63 151
8 7 T l.42 1.77 l.64 1.56 1.54 1.70 7,04 Hp(E3
7 7650 o77 21 .90 »38 . 94 291 Snteis 2aT1
8 7.58 « 07 « B 46 32 59 L0 2¢15 1,28
9 7.87 02 .03 - ,06 - 0L .04 .00 ¢58 - 32
10 8.06 - .02 .02 - L,06 - .02 - .06 - .05 - e
11 215 - - - - - - W) )
12 3.50 - .08 «05 - .04 o

and column,
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As wes noted in the lests on the flow of sand into wells, negativo
losses wore cbserved for the piezomoters near the bottom of the sand columa
just above the well screen. Since nearly all the losses in this areca are
negative they must be caused eitherhy a systematic error in the readings
or by some cause that has not been identified. Fortunately the negatvive
roadings-ere all small and thorefore probably co not affect the conclusions
vhich may be drewn from these tests.

Since the same sand was used for all the tests and the seme technique
was used in compacting the materiel in the model, it was thought that the
total loss through the send column belore surging should be constant. Howe
ever, the losses differ considerably as shown by the table. This difference
is probably duc in part to the fact that the measured loss includes the lose
through the screen. Experironts by Corey# indicate that there is a signi-

ficant difference botween the lossovs through the differsnt screens if the

)

percentage of onenings in eny of the screens is less than 15. Since the type
B and the type D screens fall in that categery, reesonably constant losses
would probably be obtained if it were possible to eliminate tho eflfect of the
losses through the screens.

In eveory test, surging was effective in reducing the head loss through
the sond and the well screen. This is showm graphically in figure 18; vihich

is & plot of the losses bofore end after surging for the tests at the lower

velocity. Tho greatest recuction ocourrcd in the screens with the srallest

S

e

bercentage of openirgs. fn interesting fact to be noted in thess losts

that after surging 211 the losses tended to epproach the same value excopt

———

* Hydraulic Properties of Well Screens, by Gilbert Lee Corey, Jr., Graduate
Thesis, Colerado A and Il College, 1949.




o b

Distonca from Upper Scroan (Inches)

it T —————

aniny Rumbar

Pigzometer Ops

\Q
I I -‘f‘ o S
o—— Before Surging ﬁ ——~‘ 8
o— — After Surging o =5
amsan Locotion of ,c,s‘i -6
7 Well Screen — ' 1
Well Screen B ' / ]
Yeil Screen C 1 °
Well Serecen D / |
¥ell Sereen F / / l |
[ ., - J 2
| ’
' I
| |
1
5 !
o
2L
I
i
|
i
3
2
|
1. S. DEPARTMENT OF ASRICULTURE
. SCIL CONSERVATICN SERVICE, RECEARCH
° ° ./ ° ° R. M, SALTER, CHIEF - 2
ol 30 20 10 0 (Sereen D)
50 140 30 ) o lo (Sereens)!
150 :Xo] |30 |20 {fe] 0 (Screen G)

50 140 130 120 1o lo tSereen F)

Loss of Kead {!nzhes)

Ficurei8 - Loss of head through sond before ond after surging. Minimum dischorge.



2t e g

v rr——

=20
in the test on the type B screen al maximum discharge. (Sce tablo 7.)
Since the amount of send vashed oult during this test seems %o be too smell
in comparison wilth the others, it may bLe assumod that the conditions were
not the samo as in the othertests, These tests show that the surging action

wes more effective for the screens vwith the smaller percentage of openings.
A suggested explanation of this phenomenon is Zhet the higher velocitiss

through the perforations in the screens with the smaller perceutago ol

openings, made the surging more cffective. However, more sand was washed
out threugh the screens with more open area but this was to be expected
becsusc there was more open area for the sand to come through. As a resuli
the washing ection was céistributed over a large area asnd conscguently it did
not talte out enough of the fine material to produce the maximum effect in
reducing the loss of head. These rosults support the belief that a more
violent surging action should have becen developed during the tests,

This belief is given further support by the fact that additional surging
during the tests at the lower discherge he.d little effect in reducing the
hcad loss, Hed the effect of additional surging dwring tho tests at the
higher cdischargs been investigated, furlher reduction in the head loss would
probably have resulted. These tests wers nolt considered necessary at the
tims because the tests at the lower discharge showed that all the improve-
ment occurred during the first period of surging.

Although it was possible to ses tho sand move during surging, a definite

gradation could not be obscrved in the sand near the well screon after the

surging vwas completod. Apparsnitly a much longer period of surging would Lo

required before the gradation of the sand would become visible to the eye.
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These tests were probably too limited in scope Lo warrant drawing
definite conclusions as to the possibllity of forming a naturel gravel enve-
lope by this method bub they do show that development of the formation by

surging reduces the loss of head.

RECOMMENDATIONS FOR FUTURE WORK

Although a large number of tests wes made on the flow of sénd into wellsy
the analysis of the results shows that additionel tests will have to be made
before definito conclusions can be drawm. The various combinations of sand
for the weter vearing formation, gravel for the gravel envelope and size of
openings for the screen, were mosﬁ completely covered for the screoens with
continuous slots. AZditional tests will have to be made on the latiice and
the punched screens with different sizes of sand and gravel. A sufficient
range of sizes of perforations was tested for theso screens but the combin-
ations of sand and gravel werc too limited. Furthormore, the tests on all
the screens should cover & more complete range ol velocities for the different
sand and gravel combinations. The effect of using graded sands and gravels
should also be studied.

In the study of the loss of head for the tests on the flow of sand into
wells and on the development of a natural gravel envelope, the ceuse of the
nege.tive losses in the region near the well screon should bs investigated.

The study of the formation of a natural gravel onvelope by surging
should be continued. Means for producing a more powerful surging action in
the model should be devised, A wider renge of conditions will have to be
invostigated before it will be possible to make definite recommendations &s
to the condition fpr which it is feasible to use this method for producing

& gravel envelopo.

By,
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Since the procedure irn preparing for tho tests end in conducting them
in problems of this type is wvery jmportant, abttention shouvld bs given to

developing & technique that will yield more cousistent results.

SUMHMARY

The results of the model study of the flow of sand into.wells when using
sand and grevel with pérticles of uniform size, indicato that the ratio of
the size of sang in the water~bearing formation to tho size of gravei in the
gravel envelope, determines how much material will be weashed out of the
formation at a definite velocity if the velocity is suffioient Lo move the
sand perticles. ‘lowever, more data will hove to be cbtained before it will
be posciule to fix the limits of thes ratios for diffcrent velocitiese.

If the openings in the screen are Jarge ecnough Lo pass the sand par-
ticles, and hold bacl the gravel of the pravel euvelope, tho size of the
openings has little if any effect on the ameunt of sand moved. Tor the rengo
of conditvions tested the type of screen also had little effect on the emount
of sand moved except at high velocities.

Tha limited tes®s on the development of a natural gravel envelope by
surging show that the development process reduces the head loss through the
formation and the reduction in head loss is greatest for screens with a small
percentage of openings. This characteristic is attributed to the fact that
for the conditions of the tests, the velocitly causcd by the surging was
concentrated in a smaller area when the percentage of openings was small,
and consequently the surging ection was more violent than for the screens
with a large percentage of openingse.

All the statements madoe in the summary are teantative bocause they arec
based on a limited number of tests. It may be nscessary to change some of

thom when more date become available.
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