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| THE FLOW OF WATEX TRROUGH CERTATYN TYPES OF

WATER BEARING MATPRIAL AS AF WOTED BY WELL
CASING PERPORATIORS
Introduction

The inoreasing demand for groundwater for irrie
gation, together with the recent development of drsinage
by means of pumping has lead to the extensive use of the
"california® or “Stovepipe® type of well casing. This
type of casing 1» particulsrly adspted to the deepwell
turbine type'or pump. 7The stovepipe casing originated
in Californis ev.r’eh;rty five years ago {6), and 1ts use
is becoming general over the irrigated sreas of thd west,

The stovepipe eaighs is made up of short joints,
tvo to four toat.in lehgth.' These joints are cenatﬁpotoa
of eight to sixteen gauge lha;t of steel, rolied 1nt§ uhtjo.
and riveted or wolded at the seam. There is an inside
and an outside joint of such sise that they will telescope
tightlyttaaathor.' Thalda;ing is mads up as it is driven.
The inside and outside joints are added alteraaielry and
ars tclmncopodvtpgeEhoT sc that two cutelide joints join
together midway of an inside joint, and two inai.ic o !mts
join together midway of an outside joint, Thus, a con=
tinuous string of double thickness oasing is formed.
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~ Tielded onsing was used in the well recently put in under
supervision of the Orogon Experimoent Station at gervais, qQre.
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The stovepipe ocasings made in this manner, has many
specific advantages. jarge dismeter weiis, up L0 thiiﬁy
B8ix inches in dismster, may be cased at a comparatively
low gost. The ahorts joints make it easy to hsndle, end
tower the cest of tyrsnsportation. It may be driven as the
weil is drilled which will prevent eaving while drilliing
through wneonsclidated rnaterial. The sheet stsel of which
the casing 1e‘maao may he perfovated from within the well
withnut ssrious difficulty. Vor these reasons the stoves
pipe casing is generally used for irprigation anc arainage
purposes,

The success or failure of the stovepipe casing, grante
ing en sdequate supply of wster, is depencent upon the pers
forations, The oasing mey bhe psrforsted in plece or the
fzatory perforaterd ossing may De used., I tne factory
perforated onsing is umed 1t 18 necessary to have an aoou=
rate lmowledge of the strata of meterial penetrated so
theat the perfopated sections may be added at the propsr
points as the casing 1s mede up. ¥hen perforated in plsce,
the ceptis &t which to perforate Are aesteprmined rroe the
lag of the weit as 1t is drilied.

At the present ti-e well drillers follow various
Tehuzd rules® in providing perforstions. Some drillers
say that trere shoul! be & definite ratio of the total aprea
of tne openings to the ares of tre cross sestion o wue well,

such as eight or ten to one. Qther driliers prefer to
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provﬁde'sn many gcrfarationa a8 poseidle. This scems to
be the safest motho. to ({oilow,.

Though these methods of perforating are generally
and successfully used, oftentimes serious tr.uoies osour.
If the perforations are too large, sand may enter the
well and reduce its eflicicnoy by filliing up the lower
portion of the well and by causing excessive weey on the
moving parts of the pump. uere are cages woere enough
sand has Deen pumped out to completely undermine and
destroy the well., Yhen the cusing ie perforavea from
within, there 1s grave dengor of greuatly weawening the
ecasing by having an excessive number of large sige holes
ad jscent to each ctner or by having tne perforutor strike
on a8 row of rivets. |

Yf the aren or upe verforations is too small or Af
there 18 not enough of them the efflciency of the vell
willi sing be 1mp&ir®u; where is & possibilicy toui e
Bupply O weter would be insuflficientv or tre drawaown for
a2 glven gquantity of weter would be excessive. If the
perforations are 80 exsill tusi uwy hold teox all of the
sand, the vweii scunnot be properly developed (b).
Ogccasionally the individuel cpcaings m&y be of such sise
and shape that with use they gradualliy plug up, roluitins
in the neceasity of reperforsting or redeveloping, or
both (3.

It 18 evident that 1f the well driller could be sure
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of what type of casing perforation to use before coing the
actual perforating, the ¢ .anges for failure woulid be
greatly reduced.

The work, as reported in this paper, was undertaken
to study various types of well casming perforations and
their relation to the water bearing material, It was in-
~tended to study the effect of the size and s:ape of the
openings upoh the yileld of water, upon the removal of
separates from the water vearing material, and on the

"drawdown® curve of the water outside of the casing.
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Review of literature

In the work so far contributed on groundwater
‘hydrology there is very little reference to thé effect of
‘casing parforationa or well screens upon the yield of
water. King (i) studied the influence of acrcen'well
points upon the yleld of watver from sand, and reached
the concelusion that the resistance oftered to the flow of
water was greater from the sand than from the screen.
Slichter (7), in studying the operation of some pumping
plents, figured tne yiela of water per unit area of well
screen exposed. His work was with screw casing and special
soreens, and hie findings would hardly be applibabie to the
stovepipe type of casing.,

A comprehensive study of the driliing of wells by the
stavepipe methoa was mede by Schwulen (6)« He described
the differpnt methjda pf perforating, but gave oniy & -
general idbs of ung yiecld of water to expect frou the dife
ferent types of perforations. weir (10) studied a group of
stovepipe type welila, &nc the effect of pumping fxcn them
upon the general watecr table of an ares, but he dia not go

into the effect of the perforations in an individual well.
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| Materials and Method

For this group of experiments a tank was constructed
after gener:zl ideas taken from King (1), Sohliek (4), and
Norling (2) in studying drainage curves, and Slichter (7)
in studying the distribution of elecirolytes in ground-
water., While using the general ideas of the above workers,
the spparatus was enlarged and moaified so as to more
nearly duplicate & section of well caéing with tvre adjacent
water bearing stratum.

This tank was constructed as shown in Pigure 1. The
material used was 1" by 4% flooring for the sides; 3" by 6"
planks for tne ends and.bottom; and 2" by 4" pileces for nail
ties. ‘'he tank was ten feet high, seven feet long, and six
inches wide. It was made rigid by running &" by 16" bolts
through oppasite~pairs of nail tiéa.

An opening was provided at one end to which, by means
of stove bolts and a rubter gasket, = ﬁection of well cusing
¢could be securely fastened. The area of casing exposed on
the inside was 8ix Inches wide and two feet hign.

on thé Oppoaite end from the casing a reeeréo;r was
constructed so the water could have access to tne full helght
of the material tested. This reservoir was ctonstructed by
placing a perforated baffla board one foot from the end as
indicated in Figure 1. Three outlets wers provided so that

8 constant head could be maintained at 5.0', 7.5', and
9.6' from the bottom of the inside of the tank. The water
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supply was taken from the city main by means of a three inch
ganvas hose.

The rest of the tank, & space of nine feet nine inches
high, five feet six inches long, and six inches wide was
for the material to be tested. |

' Piezometer gauges were placed on the outside of the

tank as indicated by tne diagram, Figure II. These gauges
consisted of a piece of one-~half inch pipe, sic inches long,
with a brass petcock screwed in one end. ‘inese plpes were
{nserted through auger holes in the side oi the tank so that
the open end rsached thQ ﬁiddle of the tank. A piece of
tiree-eights glass tubimg wes connected to the petcock on
each pipe by means of a rubber tube. Tnese glass tubes ex-
tended %o the taop of the tank meking 1t possible to read
the exact pressure on the point whers the gauge wus inseried.

“hé series of gauges, A, B, G, D, E, P, agn &;'(Figure
II) placed on & line across the tank at the top oi ihe.
casings two feetb fruz; vhe bottom of wus iunside gl tuc vank,
was the series of gauges used during the experiuenty
cbsarving the movement of the drawdown curve.: Yine otuer
two series of grugses Were “4uued U0 COowpuiv L press’ures
taken at different neigiils on the tanik.

When completed, the tank was plsced in uhe'weir
channel of hydraulic enginecring laboratory. inis was
merely a matter of convenience as it made it easy to catch

ell of the water coming out of the screen and conduct 1t
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to the settling tank which was & squars tank of twd
hundred gallons capacity. The overflow ffom the settling
' tank dropped directly onto the scale. Plates I and II
give & general idea of the set-up, although the scales are
not visible., The scales, part of the regulsr equipment
of the hydraulies laboratory, School of Engineering,
‘Oregon Stete College, were bullt especislly for weighing
large quentities of water, having a balanced tank of two
trousend gellons capacity for catching the water. The
scales were accurate to five pounds.

The samples of casing used in these tests were two
fect by esix inch sections of standard, factory perforated
stovepipe casing. TPThey were prepared by the Montague
Steel Pipe Company of San ¥Fransisco, valifornia on regular
factory equipment. Threse sections are shown in rlate III,
and the numbers given them here will be used in referring
to the separate sections or screens throughout this paper.
1The Loe © screen 18 noi snown, cut 1t is sonstructed thé
s.u€ 8 the No. 1 screen with the edges turned out. Table 1
compares the different screens as to are:, widii, lenpth,
and number of openings anc the total area of openings.

Two types of matcricl were tested, one was & fine sand,
and the other wss a bank run gravel. The originai analysis
of the sand is shown 1in Teble II, and gravel is snown in
Table VI.

| In meking the tests the tank was filled with the sand
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or gravel. In order to get a uniform distribution; tho
material was settled in watcr by gradually filling the tank
with water as the material waes shoveled in. Before the
outlet wae opened to sitart the test, the tank was completely
filled with water in oraer to sec that all of the gauges
were clear.

When sterting a test on a particular screen, the water
was first mainiuined at tne five foot level., As soon a8
the water begun to percolate through, the time was checked
and the scales weére met. After running one hour the weight
and the time were recorded, the temperature of the water was
taken a2t the inlet and the ocutlet, and the readings of the
gauges were réﬁordede This was repeated every half-~hour
for the first two hours, anc then every hour until the dis~
charge and the gauge Treadings were fairly constant. At
intervals during tne test the readinga-in the other tvo
series of gauges were reeorded,tana the free water surface
wes locateds. +he Iree water surfece was checked by spacing
three-sixteentha inch holes vertically above the same
stations where the gsuge Ireadings were taken. These holes
were fitted with plugs, anc the water uurface was taken to
be the point wnere the water verely ran outs The duratibn
of the test for a particulér head was twenty four hours.

Aftei the completion of the test for the five foot
head, the soreen was removed &nc enough sandu was taken out

through the hole to cause a complete shift of the material



Plate I1IX
CASING SECTIONS USED IM EXrERINERT

Numbered from left to right, the casing sections are
designated as Screens No. 5, Wo. 4, No. 2, and No. 1. The

Ko. 3 screen, which has the ssme type of perforation as

the Wo. 1, is not pilctured.
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in order to destroy any structurc of the material built
up by the previous run. The test was then repeated on
the other two heads. 5t the end of the test on the 9.60!
heud, the screen was removed and stmples of the material
vere taken at 0.0', 0.25) 0;50', 1.00', and 2.00" back from
the screen. A mochanical analysls was made of these samples
to get some idea of the shift of the material. All material
collacted in the settling tank was dryed, weighed, and
analyzed. This included only material from the test on the
10' nead.

For the sand, duplicate 100 gram aamplea'were taken
for analysis. 1000 gram samples were used for the originsil
analysis of the gravel, and 100 gram samples were taken of
the mat rial caught in tuc setitling Lanik. ‘Phe sand and the
material from the settling tank with the gravel vere ane-
alyzged by the U. 8. Bureau of Soils method. “he original
analyses of the gravel were made by the sieve analysis
method employed by the Department of Mechanics and yateriss
ls, Oregon State Co..iege, except that the portion Lolow
§ mm, was snalyzed by the Bureau of Solls rethod in order
to determine the portion below 005 mm.

Results of Tests on S&nd

The results of the tests 6n the sand are shown in
Tables I, II, Iv, anu V, and 1n Figures 3, 4, 5, 6, 7, 8,
9, 10, and 11, Pables II, III, IV, and V snow Luc¢ an-~

alyses of the dand back of tine soreen before anu aiter the
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twenty four hour test of the different screens with the
9.60' head. 7They also shov the analyses of the pand caught
in the settling tank during the test.

deadings of the gauges at the 2.0' level are shown
in Pigures 3, 5, 7, and 9 as taken at different times during
all of the tests on the differenf gcreens., The rate of
descharge for each set of gauge roacings 1s shown. Flgures
4, 6, 8, and 10 show the relation of gauge reacings taxen
at different heights on the tank to the free wat-r surface.
Figure 11 shows the relation of the 2.0' gauge readings,
tairen after twenty four hours of continuous run, on the
different screena and different heads, to each ouner.

The relation of the size of the indivicdual perfora=
tions to the size of the various separates washed out to
those retained is showvn by compering Table I with Tables
11, III, IV, and V. These tables bring out the fact that
tiore 18 a relation between the size' of particles retuined
andvthe size o the openings. “vnis is not én exaact re=-
lationsnip. Table II shows that the No. 1 screen having
parfgration# averaging 1.35 mm. wide effectively retains
all materiai above .50 mm; Table Iil shows tiat the No. 2
screen having an average porforation width of 2,02 mm.
retains all material above 2.00 mne.§ Table IV shows that
the ﬁo. 3 scrcen naving an average perforation vidth of
1.90 mm, reteins all matefial above 1.00 mm.; and Table V
shows that the No. 4 screen having a perforation width

of 5.85 mm. retains all material above 2.0 mm. The No. b
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screen was not tested with the sand, because the perfore
ations werc so large ti:at none of the suna was retvained.

The footnote under ezch of the tables shows the
quantit; of matcrial washed trrough. These quentities
and the corresponding anelysis are not exact, because
very l11ttle of the froction below .205 mm. would settle
in the set:ling tank, an~ 1t is probable that & large pore
tion of the fraction betwesn 005 rm. anc .0l mm. 08
carried on through the tank. It 18 interesting to note
tut matsrial washed through was greater in tho case of
elther the No. 1 or the MNo. I ecreen than for the No. 2
screen, although in the two former scresns the perforutions
were not so wide, the total arca was less. This is
probably cue to the fact that the Wo. 1 ana the llo. 2
screens‘haﬂ the el es of the prerforations turne”? out toward
the sand, thus reducing thé tendency of the sand to wodge
in the opening. Otherwise, the amount of mat .ial wacshed
through sec s to be proportlonzl to the size and arcn of
M@ Open.iigse

From the gradatlion of the anclyses b ck from the
sc¢recn, it would seem that most of the aaverial which was
washad out came from the first foot of muterial back of
the screen. This 1s probably no® true as the amount of
raterial collected was toc grest for tho No. 3 and No. 4

screens. Most of the mat rial was collected quring the

first two hours of the test,'and 1t 1a possible thut there



TARLE X

COHPARISON OF CASTHO SVOTIONS

Fo. of lo. o

Total ares of Aive.length ive.widih ‘ve. ares

Screen openings opening

openlngs openings openings

Pype edge

| 37
2 58
3 37
. 58
5_

21.48 sq. on.
36.686
31.638
127.51

190.84

4.30 em,
B33
4.26
376
S.78

+1356 cm. 580 sq. em. Turned out

+208
«180
586
«877

«632
«8586
2.196
3.288

smooth
Turned out
Smooth
8mooth

wdTe



TABLE II.
MECHANICAL ARALYSIS OF SAND BWFOR. AND (FIFR
TEST ON KO. I SCRETN

Size originals g:gzling . Distance back from Soreen |
Separsates Analysis , , : »
| Tank 0.0'  0,85"  0.50'  1.0%  1.50% 2,0!
.005 . 1,547 5,474 wl 0764  3.99¢  1.847  131% ‘
«0056 to .01 3.2% 16.37 0.95% 1.46% 1.93 7.58 S oYy 2.98 |
401 to .1 6.45 41.44 Le00 3,37 4.80 8.60 .75 6400 é:
1 to .25 16.53% 34,16 6.88 12,19  14.15  16.21 15.45 19.12 '
«25 to .50 28.58 4.56 20.35 28,06  27.60  26.93 £9.04  £9.99
- 50 to 1.0 26.67 - 56.44 PB.96 28.13  21.74 £7.11 25.27
1.0 to 2.0 13.35 - 21.40 15.40 16.72 11.84  14.08 13.13
2.0 to 5, 2,50 —~— 8.98 9.42 4.31 1.98 82174 1.11
Above 5.0 «96 — 5414 1483 1.55 1.i% 6. 1.06

#Potal weignt material washed throngh--18.57 pounds,.




TABLE IIX
MECHANICAL ANALYSIS OF SAND BEFORE
AND AFIFK TEST ON NO. 2 SCRETN

8ize original Settlings Distance back from screen

Separates Anslysis Tank =
| 0.0'  0.85' 0.50° 1.00* 1.50! 2.00!
Below .005 mm. 1.54% 2.51 -  0.38 0.47 4.11 1.72 1.64
005 to .01 3.25 14.45 0.40 0.89 2.16 8.68 4.17 3.10
W01 to .15 - 6.45 30.76 2.76  5.01  3.85 12.32  T.96 6.34 8,
W1 to .25 ¥8.353 29.26 12.25 18.85 16,05 17.40 ~T5.41 17.08 ¢
.25 to .50 28.95  15.98  16.64 10.35 33.00 23.56 27.86  28.46
50 t0l.0 TB6.67 4.03  17.27 20.11 29,71 20.34  25.70 26.50
1,0 to2.0 13.38 3.00 24.00 19.49 18.86 10.87  13.01  12.87
2.0 t05.0  2.50 .- © 15.83 10.18  3.18  2.34 2.10 = 2.32
Above 5.0 mm. .96 - 8.77  4.81  1.78 .25 2.05 1.56

#Total weizht meterial washed through--4.64 pounds.




PTABLE XV

MECHANICAL ANALYSIS OF SAND BEFORE AND APTER TEST ON NO. IV SCREEN

Size Originals Settling Distance from screen
Separates Analysis Tank . - :
0.0'  0.85' 0.50'  1.00'  1.50' 2.00'
Below .005 mm. 1.54 4.69 - -=  0.40  3.91  1.50  1.28
.005 to .01 3.23  18.01 - 2.35  2.01  8.57  42.07  3.37
Ol to .1  6.45  38.46 2.8  1.87 5.08  15.14  5.34  7.05
«1 to .25 16.33 33.91 9.71 11.56 13.22 14.96  16.35 15.98
26 to .50 28.9F 3.22 24.16 20.36 26462  24.30 28,06 26,32
.50 to 1.0 26.67 1.68 - 35.05 30.45 20.95  20.47  29.21 28.30
1.0 to 2.0 15.36 - 20,42 14.70 15.88  11.74 - 15.41 17.48
2.0 to 5.0  £2.50 - 8.18 .58  4.81  0.87  1.61  0.17
Above 5.0 +96 - 2.08  3.13  2.29 - 068 ==

qg'tu

#Total weight material washed through--38.48 pounds.



NEC~ANICAL ANALYSIS OF SAND BEFORE AND AFTER TEST OR NO. 4 SCRELRN

TABLE V

originel Settlings

Size Distance from Sereen

Separates Analysis Tank )
| 0.0 O0.85' 0.50  1.00*  1.50° 2.00"
,005, Below 1.5  5.80% - - 0.217 2.81  1.32 1.51
,006 to .01 3.23 6.38 -- - 1.88  4.58 5.01 3.01
Ol to .1 6.45  9.02 - - 5.13  6.97  7.48 7.48
J1  to 425 16.33 12,87 - 1.58¢  9.61 13.11  15.14 15.14
W85 to .50 28.95  26.67 3.43¢ B8.03 - 25.44 29,05  27.35 27.36
.50 to 1.0 26.87 28.18 11.18 19.42 27.37 26.37 26.84, 26.84
1.0 to 2.0 13.35 12.36 12.45 £6.30  28.09 12.31 1#.93 5.98
2.0 to 5.0 2.50 == 29.16 32.33  2.15  3.30  3.40 3.40
Above - 12.31 0 1,47 2.45 2445

5.0 .96

 33.76

#Total weight material wasned through-~58.85 pounds.

.‘"th '
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was & shift of material during the othér twenty two hours
of the west.

It may be noticed in the table of anslyses for each
screen trat there is &n agcupulation of fime material one
foot from the casing. It ia peculiar that this should
ocour at about the same point for each screen., There seens
to be no logical explanation for this accumalation.
Theoretically the weloclity of the water should increase
a8 it nears the screen eas the cross sectional area of the
stream of water through the sand becomes less, and,
since the carrying eapacity of the ﬁater increases with
tue velocity, there should be no opportunity for the de~
poaition of the material.

A study of Pigures 3, 5, 7, and 9, brings out the
fact that, for thig particular sand, &s times progresses,
the discharge decreases and the pressure our#o of the
geuges rises with a given screen and & given head. The
maximum rise of thée pressure surve was reached, in
practiocally all 1nstnnéec, after twelve hours of run.
Except in Figure 9 (No. 4 soreen), the discharge and the
ourve after twenty fouar hours of run are not signirfie
cantly different from the curve and the discharge after
twelve hours of run. With the No. 4 screon the diacharge
inereased in the interval between twelve and twenty four

hours, and the curve dropped.
It will be noticed in all cases that the discharge
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18 not proportional to the head, but that the rate of
discharge increnses more then the inorease in head would
indioate. Thd»avsrage.discharga after twenty four hours
for the 9¢50‘”hsad was nesrly five times as great as the
average discharge taken at the ssme time for the 5.00!
head,

The decrease in the rate of dischsrge with time
ssems to be 2 charscteristic of the persolation of water
through this sand., It was thought that possibly the
decreass wae caused by biologlcsl growth within the
gsand, but this theory was proven erronecus by draining
out the water after finishing a test for a partiocular
head, and then etarting the test over for that same
head. Whenever this wns tried, the discharge wus ine
oreased over thet for the end of the previcus test, and’
practicelly the same rate of decrease ia discharge aecurrga
with -time., If the decrease were dus to biologieal
growth, the effect should have been mcoumilative.

The most plausible éxplanation for the dcerease in
rate of discharge with time is to assume that, for a
particular head, the water seeks certain definite chan-
nels through which it percolates, and, as time goes on,
these chennels gradually ®silt® ﬁp oausing the decrease
in the rste of flow, This thaary is substantiated by
the fact that, vhenever the flow of water was stopped

and then started again at the same head, the new dis~»
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charge was laden with materisl washed out of the sand,
Whenever the tank was Jarred while the wuter was flowing
through, the discharge would become turbid, and there
‘would be an inerecse in the rate of flow, This would in=
dicate thet the "channels of flow" had been disturbed
enough to cause some of the time material to be waahod
out,

The eoincidental rise of the curves with the decreas«
ing rate of discharge tende to confirm the aboveﬁtheory,
since & s1lting up of the ehannels would causs & greater
resistance which would caume a rise in the curves.
| The xrre?gula‘ritier in jlie eurves frem the five foot
heads are caused Trom the‘ﬂkutathat the resdings for lower
portion of the curve were faken from a lower set of
gauges.

When tine test was run on th? Ko. 4 screen, (Figure 9)
the rate of discharge begen to increase and the discharge
beceme turbild afver elgnteen hours., Tnis indicates
that the pressure built up within the sand finall; became
great enough to force the‘mdteiial out through the openings
in the screen which weré larger than for the other three
soreens,

It was thought at the start of the wxperimental work
that the gauge reading vould correspond to the watcr sure
face, but, When some preliminary curves wers plotted,

pome irregularities occurred which could not be oxplained
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unless the gauge roadings, taken at different elevations,
iare differént. Gauges cbove and below the 6r131na1
series were sdded Lo check on this. Figures 4, 6, 8, and
10 bring out conslusively that a guuge rwading tuken

at a giv@n”heiaht on the tank would not mean that the
elevation of thé vager surfsce had been determined.

Thers i# & tendency for the pressure curves taken &t
the O', £', uni 4' levels to diverge as they approsch
the soreen. This i3 more dleariy enown with the No. 4
screen (Figurs 10) than in the others. This is an indi-
cation that ths differences in gauge roadings taken at
different elevations above the same point would increase
with an increazo in velocity.

The ghuge readings aftsy twenty four hours and the
discharge for the different heads and the different screems
ars eompgrcd in Pigure 1l. Except ifor tio No. 4 soreen,
the effest of the different dizes of perforaticans on the
drawdown curves was negligitle, The Kos 4 aoraan‘which
hed larger perforations than the other permitted more fine
material to be washed out which inoreased the discharge |
reaulting in & lower drewdown curve.

While tne temperature was chnecked on all the bvesta,
1t was disregarded as a factor, since for any particular
test, the variation was not over 2 degreos Fo

In these tssts the resistance to flow nffered by the
sand was 8o grest that the effeot of the different perfora«
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tion was not clearly brought out. It is safe to conclude
that any one of the screens, 1 to 4, would be satlafact=
ory for this type of material, but that the perforation in

the No. 5 scoreen would be 100 largec.
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RESULLS OF JESTS (0N GLaVil

The resulis of tae Lest on the gravel are shown in
Tables VI and VII and Flgurss 1¥ to 20. fTables VY givoe
the original analysis of the gravei. Table VII gives the
quentities snd the anaiyses of ihe matserlial acowmlated
in the se¢ttling tank. Figures 12, 14, 15, 16, and 18 echow
the gauge readings and rates of dlischarge for cach heaad
aﬁ eacn screen. Pigures 13, 17, sad 19 show tbe »alation
of the gauge readings to the fres waler asurface for each
screen. The curves of the gauge rosdings afia: twenty
four hours for eash screen and each head are compared in
Pigure £0.

The anslyses oﬁ the gravel are not nearly so complete
as those for the nan&, This wae csused by the faot that 1t
was imposaible to securs a representstive sasple of the
material after the screen was removed. The relation
between the amount and sigze of matoriel remcved anc the
size of the perforations 1is brought cut by corpering
Table I and Tabie Vii. 8liightiy ispger parﬁicleg pasred
through each siss of perforation with the gravel then
passed through with che sand. In all eszes, with the
gravel, the largest material whicn pasesd through ap-
proached the widih of the perfuration, bud with the sand
each perforation was effective in retaining eizes smaliler
than the width of the perforation, This is probsbly

caused by the fact that the rate of discharge was groater
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from the gravel than from the san:, ano that, with the
sand, the individual particles were sharp and angulayr
while in the gravel the, tended to be smooth ard rouﬁd.

That moat of the mateiial caught in the settling
tank was between .25 mm. and .50 mm. in size is shown in
Table VII. Tne reason for this 4s tnat the aéiginal
gravel was high in thie siz¢ of separates as shown in
Teable VI.

The effect of having the edges of he perforations
turned out is ciearly shown in PTeble V¥II. Both screens,
No. 1l and No. 3, have the edgeé of the perforations
turned out. The No. 2 serecen has a smooth edge. The
total area and average width of thre perforations was
greater in the No. 2 acreen than in either the Ne. 1 ox
the No. 3. MNevertheless, the amount of sand which psssed
through each of the latter two sgreens was greater than
trat which passed through the Xo. B‘scr@eﬂ. Figure 20
shows that the discharge for the No. 3 acreon wes greater
than thot for the No. 2 acreen, and that the No. 1 screen
with one=third less ares in perforations had prectically
the same discharge as the No. 2 screen. This shows that
the perfarations“haéing the edges turned out allow more

“send to go through and therefore permits a greater discharg.
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Table VII

Analyses of HMaterlial Washed from Gravel

Sereon Yo,
'Amount in Pounds

Size Separates
below .005 M.M.

005 to .01
01 %o .1
.1 to .25
.25 to .50
.50 to 1.0
1.0 to 2.0
2.0 to 5.0
5.0 to 9.42

19.61

.36
4.44
B.36

10.46
68.08
8.30

8.42

.28
5.05
7.91
9.83

85.77
6.22
4.53

24.36

17
4.71
7.82
10.08
61.54
10.07

5.61

84.50

%4
4.17

5.81

8.32
€0.19

11.64

13.09
6.34

127.30

+ 56
3.72
5.15
7.34

50.52
10.46
11.71
7.88
2.66
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The behavior of the pressure survos as detsrmined by
the series of gaugee at the two foot elevation 18 showmn
in Figures 13, 14, 15, 17, and 19. For ascrsens number 1,
2, snd 3, the curves continue tc rise during the first
twelve hours, much as they did for the aand, although the
gurves sre flgitar' The rato of discherge for these
sareens clso decreases up to twelve haurs; All of the
material removed from the gravel % the watsy wes removed
during the fivst itwo hours, for these screens, which shows
that the decrease in discherge was due to an aeemmulétion
of fine material either in the chamnels of flow or just
beck of the sorcen.

The effect of stopping and sterting *he flow at the
some hotd was not the same for esorsens 1, 2, end ¥ in this
taét a8 1t was with the sand., Hers, it caused only &
snall amount of materisl to be washed through the soresn,
& slight drop in the gauges, snd the rate of dlscharge was
noﬁ changed.

The behavior of the drawdown curves for the Ho. 4
screen 1g different from any yet atudied. ¥ith this
-goresn the meximum rise of the ourve oceurs =t four hours,

and st thie tiwe, the rate of discharge 1s the lenst,

puring this test, material was washed through the screen for

the first two houra after which the discherge water cleared
up., After shout four hours of run, the discharge again

became turbid, indiecating thct wore material was being
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roagpoveds 48 soon & coade skartes, the rete ol _fecharge
vegsn to Laerears el Lo 2uIVE Leptm Yo o rop do¥ne The
disc erge ~ontirued to le turbld, the rate of diselarge

o incrense, Kac the Jrewdown cubwe to dvep unill soout

the efgnteasntn hoar of the runs “he Clsg.arge Lhwaen

clonped up,y soe she pals el Qurve prmatings sonsdunt

3

Atll the end of the Pune hip seguence wus oo muue fop

&

all T rev HEnds, epd muSt have besn g L0 nELaral couree
of fisw, alats toe teni ¥o5 net dlsturbed In any 6.

e reauite of tre tasd on the 0. & soreen (Tl ure
12} present stll. & Jificront shudye Here, thers wez the
game ?&aa §n the dpawcown gupwe thet osaurred sith the
‘nge 4 SGTeen, bLat the rate of disgharge shswed & gradunl
fnerecse up tO BIXTECR or eightewn heary efter o lok both
o pute of Glponepge oo Ghe dreRdowR CUTVES wore Constants
vaterinl ves wSaLes U rough the scroan vy until the time
£t the rete of disohcrge beGsme Omatunt,

he Pesalus of (Lo toet on LLe Koe & soieca ey be
erplsined by amsuming thsal, &fter the Lirst ¥o nours of
tie tent, the scraen and the Chaunels of fiew Legsrn O
slag wp v ish %iﬂﬁﬁﬂ‘@gﬁﬂ LhHe raﬁé 2f dlsehepge and roised
the drascomm ourve untll s suf  lelens Lhead wes %milt ap
to sgnin fores she fine wﬁtﬁriﬁi‘ﬁwt tmrauﬁ&fﬁha BLICAT.
A 3 fﬁ%ﬁt égéagn@, thie euplunstion foes nel foevm WG g&yiy

Lo tre Hoe D Soreen whers rete ofi dircharge grﬁdaazgy'
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4n0reased,

The arag{af the perforations of the Ne., 5 seresn
was neBrly {iYty percent groator than of thoss of the
No. 4 mersen. $ince thers wers the suime nunbar of
openings for esch, the rosistance offered Lo She flow of
wateyr aust have beon grestor for Lhe Koe ¢ screen, The
shape of vhe eﬁrv&s for ﬁhe Hos 4 seresn incdicates that
the mejor portion of the resistance bullit up during the
firet four hours wus nesar the acrecn gince the meximum
rise of the curve sccurred neay this peint. 7The curves
for the No. 5 scveen In@icate that at ne time during the
teet wes there any veslstance bullt up st the screen, bus
trere 13 na indiention thai there was s resistance bullt
up fartner besk since the maximum rise ir the ourves
eceurs cne foot back from the ssreen.

The fact that vhe diseharge gradually Increased
vhile the drawdown ourves were rising for the Ko. & screen
covld Le explainag Dy assuming thut there was a reslstance
built up within the body of the matarial which eaused the
rise in the surves., At the sems time, the increasse in
head was great snough to kXeep the rave of ﬁiadharga grad»
ually insreasing, and, after a period of time, forece out
tihe agcuenlated fine material.

The effest of starting end stopping tae flow waa

dirferent witvh the Wo« 4 soreen than for the Ko. & screen,

]
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vith the Ho. O soreen, ihe rate of discharge incrceeased,
the arevwdown Surve dropped, snd nore material wos removed
oneh time the flow was stopped and esturted. with the No. 4
scresn the behavior wes tuch the seme das for soreens 1, 2,
and 3.

It 18 posaible that stopping and atarting the £low
hed no‘ofrant on aereens 1 ©o 4, buoause fine materlal waa
lodged back »f the screen while the perforations in the
Ho. § soreen were large enough o prevent this. fhe rimse
irn th ocurves {ﬂgmi 12, 14, 1b énd 16) tnolcates thub
any resistance built up was just baek of the screen sinoe
the maxinmue rias of the curves with Time ocours nere.

Gontinued starting and stopping the flow rtac no
ofreet on screens 1 to &, btut wiin tne Lo. $ serean eadil
time this was dome rasulted in snlamd&d anount of sand
vemoved and s further incresseé in Gischargo. Yhie &ngwka
that in order to properly develop & wWell, the perforstions
amst be large enough to allew a vertain smount oi fine
material to pses through. .

The gauge resdings taken 8t the thyee uifierent levels
and the free water surfece gor soreens He. 1, 4, snd & , are
somparsd in Pigures 13, 17, and iﬂ. This comparison 1o
not made for the othar two SCPovns, Becuane thay wole
almost ldentiocal wiéh the Ko. 1 scresen, These gurves

ehow that the difference between preseurs readings taien
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st afifferent heights tend to e grentor ee the wloelty
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of i are sampspe’ i ?iaﬂia Fhe Tnle Flenps erovn tled
thare wap 8 graat resigiancs gfteme® o tho Flov of wotewy
A, Bhe v this vos pot oo gront fop
the T, 4 soresn, 4r0 tnot there wos very litrle resiztance
&f&ﬁﬁ&,by’th~ Tne A sopesp, e sordoretlome dn the YWo. 8

S e g U P Y s e et orn ey e A . y . S E. e b
soreen yroha™ Ly armroacihit o the preopem efio to oopge Sow shis

vestiondar wenrvial.
DIBCUNS ION

Sovepsrl Doints browyht fo Yight In e prenlrve of the
teats nrevinuelr resovhed wmarrint foarthey eorsilevation
aither beosanic they anply ta heth Ahe nat-ricle oped, ov
pecause thay heve ¢ bearing on work proviocsly veported,

Ihe kendency of the prepsurs miyves to riee rith
continued flow unless nsterisl mas Halug reweoved Iz ehavy-

gteriatic of both the sand ard the gravels., Thio ves
undourtediy eonced Ly the ellting up of the ehan-elis of

flow in the matoriel, cor by the plugsing op of the rer-
forations 1n the scresn. ’
¥ing {1) and Slichicr (7} both noted the tendency of

the dlscharge to decresse with time. Slichter attributed

this to biclogical growth, and ovarcame the offect by the
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use of formelin., For the expsriments herein reported,
the decrease must have heen due to & Wsiltving up" process
in the voids or at the screen, since blologlcal growth
was shown to be en unimportant factor.

The generally accepted practice in figuring the flow
6f wotor through & given material is to use Darcy's law
(9), that the rate of flow 1s directly proportional\to the
head. In these experinents, 1t was found that the rate of
discharge increased faster than the head, slthough this
waa not so marked with the gravel as with the scnd. iing
elso found this to be true in working on the flow of water
through sand.

¥ing and Norling (2) used plezoumeter gauges on the
side of a percolation tank to det.rmine the curve of the
free viater surface back from a tile. The curves presented
with the sand and gravel experiments show that a pressure
gauge at any point does not nedessarily represent the
water surface vwhen the watcr is moving. Slichter (7)
pointed out that differences in pressure at different
elevations were possible. H1ls theoretical curves divirged
from eachother as the velocity increased which 1s as
occurred with the experiments previously described.

ihe fact that merely changlng the hetd cuused more
material to be waushed out through the screen is analagous
to well dévelopment. when a well i1s being developed, th@

grentest amounts of sand cre removed just after the pump
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is started, at whioch time the greatest changes in head
ogour outside ot the casing. Meny times after the
pump has ceased to discharge sand, stopping &nd then
starting ¢to pump causes sand to be discharged. This
substantiates the theory that, after the head becomes
eonstant, the movément of water is through definite
lines of flow, and snything which would affect the
direction or velocity of flow disturbs these lines of
fiow and causes more fine material to be moved by the
water.

It 1s interesting to note the effect of having the
edges of the perforations diverge outward on both the
sand and the gravel. In both cases this type of per-
foration allowed more material to pasa through per
unit of area than perforations having a smooth edge.
In both cases, the perforations with the edges turned
out allowed a greater discharge of water per unit of
afea. This substantiates & popular belief among well
drillers that perforations diverging outward offer
10:- resistange to the sand, whish permits a greater
flow of water.

From these experiments, it would seem that a
certain nnonn&for material must be removed in order to

prevent a decrease in the rate of discharge, and that
an inorease in the rate of discharge must be accompanied
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by the removal of materisl. After a certain length
of ﬂm. an eguilibrium is reaghed with the water at a '
oortain lead whers the discrarge is constant, and no
sand is removed. |
T™he oonditicns of t e experiment were different in

soveral respects from the sandisions in & well. An

analagous oondition would be a section of perforated
oasing, two feet high and six inc es wide, 4n tre
side of & well, The water would approach such & screen

in direations corresponding to redii of a cirscle centered

tn the middle of the well., As & result, tie cross
seotional ared of t ¢ water as it approaches tne soreen
beoomes increasingly smaller im herisontal dimension

as well as in the verticel dimension csused by drawdown
of the water surface. In the tanks, sas the water
approached the cesing, the orces ssotional area of

the water was redused only in the vertical dimension.
Assuming Shat & head was maintained at the same height
and the same distance taok from the soreen for tie well
and for t:e tanks, and that the pressure surves were
deternined on & line at the same elevation, the qurves
20 obtained would be atesper for t e well than for the
tank. The reason for this is t-at, with the well, the
scoeleration of the water is greater as it auproaches
the casing, beocsuse of tie more Mapid desresss in the
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_sares of the cross ssotisn of the water.

In & well, the discharge wo:ild not slivways drep
froely away from the oasing as it d4id in these exper«
iments. It 1s not nmm»wmmv or not this would
affent the results in any way.
© with well develojment, when the pump is stopped

there 1s & reversal of tie direction of flow through
the sand. This 414 not oceur in thess experiments, and
it would undoudbtedly uffeat the amount .ar material
removed. |

COHCLUSIONS

1. Ogntimued flow through the material caused s

’ Mmu in the rate of dischargs, unless some of the
ﬁuﬁwul was psmoved with the water,

2. The rate of auom@ inoreassd faster than
the head.

3. 4 desresse in the rate of discharge was
accampanted by a »ise of the gauge resdings.

4. Perforations with the edges ammg outward
offered less resistance to fine meterial than pers
foreations with smooth edges. |

B. Por fine material offering a great resistance
o the flow of water, the type of perforations 1is not

a determining faotor in the rate of disoharge, although
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the perforations must be small enough to retsin the

body of the material. ,
6.In order to get an inocreasing rate of diuohara..'

the perforations must be large enough to allow a

porticn of the finer material to pass through.

7. A gauge reading taken at s given point om the
side of the tank does not determine the actual water
surface for moving water within the tank. |

SUMMARY

Teats were made on the pereolation of water through
typiocal water-bearing materials in a tank, roughly ten
feet high, seven feet long, and six inches wide, as
affected by different types of well casing perforations.
The rate of discharge, changes in pressure taken at
difforonﬁ elevations on the tank, and the amount of
material removed were noted, It was found that a
desrease in discharge was sccompanied by & rise in
pressure; that the size and shape of perforations af-
feoted the smount of materisl removed; that an increase
in discharge was dependent on thes removal of material,
and that eontinued flow caused & decresse in the rate

of discharge unless material was removed with the water.

000
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Plate I

APPrRATUS USED IF LXPRIMENTS ON
WELL CASING © RFORATIONS

- o

The soales and settling tenk are not
shown, but they sre directly below the end
of the flume.
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