
r 
c� 
CE!f 53 .. / 
copy 2 

EFFECT OF WELL SCREENS AND GRAVEL ENVELOPES 

ON FLOW OF SAND INTO WELLS 

(Progress Report on Performance of Well Screen Project) 

By 

ENG1 �[Em�� �F�U�r, 
JUL 2.6 •71 

FOOTRIU.S RU.U .. \� RUOU 

Carl Rohwer 

and 

Frank N. Leatherwood 

CER53CR1 



l I I l J 
l 
! 1 
l 
i 
: ' ! i t ' 
i i l 
i I ! i 
l 
1 ! I 
! 
I 
! 

. . 
-::� -""'· 

·-· . ... 

EFFECT OF WEL .. L SCRE�·JS AND GRA/EL El�,/ELOPES 
1 - ¥ ,( � � -

.. �o!"'" • � 
.._ � :.t·l· z ·l " .... . ' 

ON FLOW OF SAND INTO 'NELLS 

(Progress Rcpcrt on Performance of Vvell Screen Pro:ect) 

( . ,- . .. t . 
i : 

t. ·! '. ' •. '! 

' .. " .. . . , � . ' 
1.. I �. I .. ,"" ; . f [! , ! • , ' I 

f':'"': t ;- ... ,,. , \ l. 
, I· 

, .. , . .  r , t � !' ; ' :· :: ; � • 01:' �: '. I ,. 

y 

Cnrl Ro wer 

Franc N. Lea 1erwood 

, . ... ;.. . ' . 

� 
·' 

' 

J ') : 

11111111111111111111111 i I U18401 0589739 



.1 

U.. , • DE?iul.'n.ffi JT OF AGRICULTURE 

SOIL COl SJ:;;:nrATlOH St;fNICE 

PROGRESS REPORT 

on ho 

PETIFORr-l:!tNCB OF' 'NELL SCRES:fiTS 

EFFECT OF li<IELL SCllliBNS AND G&�VEL ENVEIDPES 

ON FJ.OVv OF SJ.J'ID PJTO HELLS 

by 

Carl Ro 1\ er, Sonior En ).neor, D:i.vis ·on of lr igation 
Soil Conser ation Service 

Frank N. Lee� then'/Ood, Grr.ducd;e Student 
Colorado A and M College 

A contribution from t o 
Di :..sion f Irrigation Engineering and v.ruter Conso!'vo.tion 

an 
Colorado Agricultura 1 Exper:i n:ent S a tion 

in oopora ion ith · c 
WE:�ll Screen Manufacturers 

Fort Collin:::, Colorado 
August 1, 1952 

Pre ared under the direction of George D. Clyde, Chief, Divis ion of Irrigation 
Engineer· ne; and Water Conservation; and }11. L. Nichol , Chief of Research, 

Soil Conservation Ser ico 



-..._ ----· _, -- -

Pror:,ross Rc orb 
on the 

Pcr·r . ,r.._,_nce of Well Sc!'eeno 

EFFECT OF WBLL SC:t<EENS AND GRttYEL ENVELOPES 

ON FlJ.�\J OF C'Ji.1m INTC1 rJCLLS 

b 

Carl liohwer, Senior Engineer, Dhrision of Irrigation Engineer:?..ng 
and Water Conser ation, Soil Con sor·;ation Service 

Frank N. I.eathoraood, Graduate Student, Colore.. o A anc;l M College 

INTRODUCTION 

Water-bearing formations capable of sup::_:Jlying v:ater for ·· rrig;a cion 

ells are usually made up of fine sand with vurying amounts of coarser 

terial. Bocauso in•iga.tion we ls must furnish lo.rgo quanti ties of v;ater, 

the rate of flov1 through the sand adjacent to the rell is re ativGly higho 

If the veloci t is high enoug;1 to move tho saHel pt.u•ticles the ·will be 

carri d ·c;oward the well, nd un esc provision is ado for controlling the 

movement f sand by oans of properly desi ned s creens or com ina.tions of 

creene and gre.val emrolopes, excessive quan·ci t:i.es of sand wi 11 be pwnped 

whi •h rna ultimo.c;ely cause the failure of the rell o Furthermore, pumpin · 

sand hortens the life of the pum becaus e of the wear on the im ellor and 

bearingso In view of these facts, the "'tudy of the flow of sand intD vJells 

vra.s included as part; of the •·\fell Screon Invcs igav.:.on::o bein · con ucte • 

by tho Di ision of Ir igavion Engineering ,nd Water Conserv:;.t on of t1e 

Soil Conser ation Sor ice in coo oration with Colorado A ricultura Experi-

ent S tation, Co ora o . and M College, n d  corta:i.n 1Yell Sc1·eon Manufacturers. 

The ajor o jectives of this project are: 

(1) To determine the loss of he£•.d throug 1 vario s t es of we 1 creens 
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· th and · thout; g�·a·J"e} e:lVvlopcs under a ·ulde 1ange of flovt conditions 

f r the purpose of finriing vthi ch t pr.s of sc1·ocns are h draulically 

most efficient. 

(2) To deto;.mine t�e c aract�n·istics of welJ screens nd e;r - el envelo eG 

that will be .ost efficient in 1oducing tho flon of se.nd and increasin"' 

the flow of v.-o.ter into t;1e woll Yr-i th a minimum loss of hqad. 

(3) To dete1·mine the effectiveness of the natural gra el envelope forme 

by surging or other m<:onns whc. s uitab le material occurs in the aquifer. 

The present aport deals with the last tc·m objectives of the stud ro 

Two pro gr ss reports ht>.ve been submitted previousl which gi vo the 

results of studios concerning the first objective of the inves-t;ig.:::.tion. The 

report on Hydraulic Properties of Vvell Scr eens by Gilbert Corer, d9. ted Juno 
r . .- .. :. .. 1949, is basod on tes ts of the loss of head throu h arious types of y;elJ. 

-: · '._, · screens v1i th and without gra el envelo os. This report shows that increasin 

/.- ... the percentage of openings reduces the loss through the screen up to a cer-

..... . tain point beyond >�hich furtl1ar increases in the percentage of ope::.1ings have 

:-· ' · no effect on the loss. Vvi thin the range tested thi s percentage is the sam,3 

for ll types of screens regardlesc of the quantit pum ed or tho size of 

· · gra el use in the enve opeo 

The report on Effect of Well Screens on Flovi into Wells by Jack s. 

' ·' ::: Peterson, dated Januar 1952, is a s t.u y of t.1o theoroticaJ. law of flow into 

vJell'' an includes ex e rimente. l data confirmine; the lavr. s a resu t of' the 

study, a fo .. mu a as developed which indicates that there re other limiting •>1 factors in ddi tion to tho percentage of openings which, beyond a certain 

.. 
point, do not havo any effect in reducing the losses through the screen. 

These factors are the length and dis.moter of the screen. The special tests 
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de to check the va.Hdi t of this formulc. show..: ·chat the theoretical 

fol�mu a. and tho experim�nt&l do. ta HO- o in c1oso ag;roc ten· • The thoorotical 

forrn J.a. also shcms why incree.sing tho per-centage of oponin�·s in the creeu 

does ot; ecr as0 ·the lo"s th1·our;h thEJ sc::.·eon be ond a d0fini to limit$ 

The results of the stu ies I ro iousl l'e orted were all based on full 

sea e te::;ts of screens and it, as thou 1t that the flow of and into wells 

could be investi oted in the sa B VJ8.y. An attem t was mo. de to conduct full 

sea e tests, but it was found that tho labor of handlin · the lar e quanti� 

tics of sand a.n g1'avel required, mado the cost pro ibi tive. In ie'!J of 

this fact it was decided to conduct tho preL.mino.ry tests in a modo a The 

results of the model tudies \'.ould bo used a.s tho be,sis for determining 

which croEJn and gravol combinations vwre tho mos-t; effective in controlling 

the flow of sand of e. particu '3.1' sizo. Full sca le tests of these combine.-

ti ons would later be made to de verminG v:hether these com·oina tions were 

effective in controlling the flovt of sand. under the conditions actually 

found in awell . In addition to these tests, in esvigations would be con-

duc·ced to de·cermine whothei· a satisfactor g);•avel envelope could be obtained 

by proper development of a v1ater bos.ring sand mn. e up of sizes ranging from 

fino to coarse. These stu ies al o :rould be made in a model imilar to tho.t 

used in t 10 test::: of the flo'! of san • The esults of these investigo.ti ons 

are discussed in this report. 

FI.Ov'V OF S ND INTO WBLI.S 

In the test:.s of tho flou of so.nd into vrellz, the basis of comparison 

was the mou..11t of sand washed out of tho formation at different veloci tio�1 

in a definite time for rious om inations of san s, grave. envelopes and 

screens. Sand and gro.vol with particles of niforn, size were used in the 
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testso Tho effectivcnof.JS of the arious combinations of sand, gravel and 

vrell screen was compared on the b .sis of the amount of and moved under th� 

difi' rent conditions in the mo ol 

In true odol all the parts have to e pro ortionc according to the 

lavrs of similitude. Because of the difficu ties tha t would be encountered 

in building scale odels of tr.e creens and .:.n etermining the sizes of 

gravel and sand to be use , a diff rent plan v�rts adopted for tnis studyc 

In was assumed that tests of the flow of sand through a horizvn e.l pips 

in ·which the sand, gra rel &.nd screen v1ere p o.ced in the same . .anner as they 

would occur in a. y,;ell, would t;i ve comp;=�ra i:;i ve indications of the a.mo·.mt of 

sand movomont a.t different velocities. For those tes·ts the ::: anC.s rmd gravels 

wol1ld be the same as tho se used for the full scale tests an:l t:1e screens 

would be circular disks cut from sta.ndo.r scroe;.1s. Ti1e discharge would be 

reducod so that the eloci ty through the sand a.nd gravel ';;ould be the same 

as that in the prototype. 

It was recognized that the flow lines in the modol vrould be parallel 

whoroas they should be ra· ial if they were to conform to J;:;he flow in 'che 

prototype•.. However, it was decided t.!at it would be be ter to di sret:;ard 

this fact in these t0sts ather than to ttempt to build a. mod el witi1 a 

converging ection because any errors co.used by this difference would be 

corrected when the final full scale tests vrere deo Further�ore, since 

all tho ,odel studies were to be rnac e in the a.:ne vm.y, the relative effcc-
·-------·-----

*Hydraulics of Wells, Utah State Agricultural Experirr.ent Station '.i'echnica.l 
Bulletin 351, by Dean F. Pete1·son, Orson w. Jc-::.-aelsen a.nd Vaughn E. 
Ho.nson, 1952. 
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tivene::;s of the different an , g;ravel a_1 scrocn combinations would oa 

apparent from tho tests. 

gquipnont for Stu y of Flo,: of Sand into Vft:lls 

A cleu.r plt'. tic tulle 6 inches · n die.m:.:;tcr (O�D.) nd 52 inc _es lon vras 

uso for t:•c tos vS of Jche flo·; of •·and into wells. (See figure 1.) The ends 

of the tube vrere c osod by J.1oan� of plates with recessed groo · es containing 

ru b er gaskets. Pour 1·ods with wing nuts were used to clam the pltd;es o� 

the ends of the tube . B tightenin the wi.ng; nuts e. waterti ht seal wat! 

obtained.. This arrangement m.9. e it pos si blc to assemble and dismantle t�1.e 

equipment quickl • Each plate Y!a.S equipped vr.i. th hose connections for the 

water upply. The rate of f'lov! was controlled by aJ.ves in the inlet and 

outlet pipes. 

Piezometer co nnections for measurin� the head in the plastic tube wore 

provided at the points shovm in figure 1. The piezometers consisted of short 

pieces of brass tubing l/8-inch in diameter (O.D.) rJhich vrere driven into 

holes d:cilled in the plastic tube until flush with the inside of the plas·vic 

tube . Since the plastic tube vro.s on y 1/B·�i.nch thick a boss was we ded to 

the tube t each hole. 'l'he ends of the piezometers were turnod true in a 

lathe o.nd a disk of fine mosh sc:r.eon was soldo1·ec1 on the end of each pioz· 

ometer to keep san from envc,ring the opon).ng .. 

Pressures wero measured ,,Ji th rr.n.nometers onsisting of 3/8-inc 1 g ass 

tubin (I.D.) mounted on o. ard as shown in figure 1. Stande.rd cross seetion 

paper 1i th 1/10-inch divisions was cemented to the rranometer bo:1rd back of 

the tubes for rea ing the pressures. Connections betvreen the piezometers 

were a.de with rubbe1· tubes. The a ssemb l ed equip .•:mt is shown in figure 2o 

In order to eliminate the er1·ors duo to differences in tho diameters of tho 

-�·-,.·--........,�--
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gle.ss tubes, corrections were upp iod to · ho ror� in •s of the 1::unomoters 

U1at �ore off size. 

\'1fatex· for tho tests was drnvm from e. 2000 P'allon constant-level tan-:: 

set 6 feat abo· e �he floot of the test rea. his tun-:: ms filled •.;ii�h 

city·water which was kept; in t.o tank contiruousl· so ·!;hat it v;ould have 

the same tern eraturo c.s the labo!·ator r and consequently would hP.Ve no ten-

dency to give up or a sorb air. Du1"ing tes ts a small stream of cit- •rater 

vias turned i nto the t:mk to koop t!1e level constant. Two fou1� incl1 pi.pcs 

set vertically with the open en s at the des5.red level, provided spi hmyG 

for xco s s wa-l.,er coming into the t8.nk. Since the mount of rater used in 

the tests as well as t e inflo" was small, a fail·ly co:.1stant tompe::.4a ture 

of wa tor m.s rnaints.ined. 

A head of 10 feet was avcd.lab e from the tan '"• Because this head Y!as 

too small to d:ci ve the roquir d qPanti t;;r of water through the model when 

testing fjne sand, water at city prossm·c wo.s used for these tests. A 

mercur manomete r v:as used to measure the head w en it v:as nocessar�- to 

apply city pressure. 

Small squar ::: of stan.aJ"d sc reens wore furnished by the manuf cturers 

for tho "\..ests . Slightly eve size di s :�s vrer0 se.wo f1•om th ese qu0.ros. 

These disks were grour..cl. accurately to size so thnt thoy vrou d fit snugly 

in the plastic tube. Similar disks of 4-mesh heavy · re screen ·were rll8.de 

to hold the sand and gravel in plo.ce in tho plastic tubE>. Sto s were Heldo 

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

ell screen via.S held in place by a colla sible metal sleeve tha.t fitted 

inside tho plastic tu e. <'j.ncc it wa.s not J:-oscible to ma.kc the total lengvh 

of the column of sand and gravel exactly the a.me for eac. test the col lap .. 
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Figure 2..-- Arrangement of equipment for model study 
of flow of sand into wells. 

8-o 

__ _ .. / 

C-o 

I _I ·-" 
D-o 

B-b 

C-b 

-( '1 J r il I I ,. I . l I J 

I D-b 

I C-c 

• ' l .... . . . 1 D-e 

\ B-e 

F-o 

Figure 3.-- Screens used in tests. Di sks were cut from 
standard well screens. 



I rible sleeve pro ided a means of lwldin the well screen firmly a .ainst the 

gravel. It also .de it possible to remove t 10 screen easily. 

The following screens v:ex-e tested: 

(1) Type B, L ttice screens ·aith 1/16, 1/8 and 3/lG-.:.nch e1·forat:i.o!1s. 

(2) Type G, Continuous slot croons ith, 0.02, .o�, .10 and .20-inch slotso 

(3) Type D, Punche sc_ ec!!S \'lith J./16, 1/8 and 0/16-inch perforations. 

( 4) Type F, i'1esh scroo a  with 0.145 inch openi nbs. 

Dislcs cut from screens of the t pes used in tho "Sests, are s11o\�rn i� f.it;ure 0.) 

Ti1e c 1aractcristics of these screeno are gi v n in table 1. 

san and Gravel 

The sand and gravel u..,ed for the tests consisted of nater '.·mrn material 

from a local gravel pit. This material ;vas forned by tho v1earing clown of 

gran· te ocks in the ri er and is very durable. It V·Tas .ashed and screon0cl 

approximately to size at the pit. After bein�'" drie · t1 5.s rna·;;el ial was 

screened mor e closel to size by col lecting the pa rt retained bctvreon 

screens of tho proper si ze . 

The gre.vel used for the gravel en olojJeS in the model studios consisted 

of the 1/lG, 1/8, 1/4 and 1/2-inch sizes. Even after caref'.ll creec.ing tho 

particles wore not a 1 of the exact sizes indicated. To de',:;ermine tl1e 

characteristics of '- e gravel more closely, a. detailed screen analysis was 

e of a ample of each size . The sc�een ana 'Sis of the difforont sizes 

is hown in fie;ure 1, and tho diameters of tho 50 pen.1ent sizes are given 

in table 2. Sa.mp es of the arious sizes of sand and gravel are sl10;m in 

figure 5. 
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Tablo J.� - Characteristics of Wol. <:•crecns sed in Tostso 

--------- --� - -- -- ··--- -·-------_,P,...._.r_c_o�-

Sym o1 

-a Twin flovr 

B-b Twin flovr 

Twin flow 

c a Continuous slot 

Continuous s lo'l:; 

c c Continuous slot 

C-d Continuous slot 

D a Punched slot 

D•b Punched slot 

D-e Punched slot 

Wire mesh 

Gn.l ·• iron 

Gal v. iron 

Gal Vo iron 

Bronze 

Bronzo 

Bronze 

Bronze 

Galv. iron 

Galvo iron 

Gal v. i l'on 

Black iron 

1/lG 
1/8 
3/16 

0.020 

.040 

.100 

.• ,200 

1/16 

1/8 
3/16 

.145 

3.46 

7.15 

llu23 

18.18 
30.'76 

52.63 

68.96 

6.67 

33 •. 64 

* These o. ues are tho percontae;es of op n a.rea for s creens 1 foot in 
diameter The per-centages for t.1e disks of p nchecl and twin�flow 
screens tested in the model aro somerhat hig or because the perfor 
ations wer o uniformly paced over the entire areaQ 
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To.b1e 2� - Cho.ractcr· sti('.s of sands c.n gro.ve s use in tosts 

Classification 50-peroe:a izo Porosit 
Inch 

40-60 Sand 0 0112 0.400 

30-40 Sand .. 0169 �415 

20-30 Sand .027 e427 

14-20 Sand .040 .430 

10-14 Sand'·· .060 .422 

1/8-i::J.ch Grfl.vel .120 .. 411 

1/1-inch Gravel .222 .395 

1/2 inch Gra el � 83 e397 

* Also used as 1/16-inch gravol 
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Figure 5.-- Samples of sand and gravel used 
in model study. 
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For the wate1· bearing form-'J. :;io�l sands of the sizes reto.ined be-b:Joen, 

the follov-Iin sb.n<'hrd crecns vrero used: 10-14, 1(1;-20, 20··..:>0, 30-40 and 

IJ.0-60. The analysis of the sand also, is shonn in figure 4 and table 2. 

According to tests on protecti,;e filtsrs m'lde b the Earth Hater:i.als 

Labor9,t.ory of the Bureau of Rec. D.!Httion*_, the ratio of tr1e 50-percent gre.in 

size of the filter material to the 50- ;::>ercent grain si ze of the base mate:r.ial 

I should be be ·:een tho limits 5 and 10, when uniform grain-size materials 

l e.re usedo For tho tests on the flow of sand the ratios of the 50-percom, 

size o f  the gravel in the gravel etwolope to the 50 po1·cenc size of the 

sand in the formation yrere as follovJS: 

Gravel Sand Ratio Gravel Se.nd Rati o 
Size Size Gravel/ and Sizo Size Gravel/sand 
Inch Sere n i�o. Inch Screen Ho. 

1/16 20-30 2.4 1/4 10-14 3.4 
1/16 30-40 3.4 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 30-40 113 
1/8 20- 30 4.0 1/4 40-60 17.2 
1/8 30-40 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 shovr tha the full range of ratios reoorrunonded by the Bureau 

of Reclamation was covered excopv in t;:e case of the 1/16 inch gravel whore 

a fine sand should have been included. 

Because the velocity in the mode for a particular sand depends on the 

porosity of the sand, the material used in the experin:ents vvas te s ted for 

porosity. The porosity W9.S determined by irrunersion in water. Tho results 

"laboratory Tests on Protective Filters for Hydraulic and Statio Structures, 
Earth �':aterials Laboratory Report No. EJIJ-132, u. S. Burea u of Reclamation, 
1947. 
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o f  the s e  te s ts e. re gi '-'Oil i n  tab le 2 .  

Afte r th e wa t e r  pa s s 0 d thr o ut.;< the mod e l  i t  'ia s mea s ured by moans o f  

· I  c::tli brated or i fi c e c  2- n  the bo tto:n ofc. c J. i nG.ri cal tank 14 i nches i n  di 0.meter 

nnd 20 inche s deep. ( S ec fi gur e 2 . ) The o ri fi c e s  ne ro r oun ho e s  havin I sharp e dges cut with a lathe in th e c en ... or of c i r c u lar bra s s  di s ks .  The 

I 
I di s ks were fit ted · nto h o l e s  cut i n  th o bo ttom o f  th e te.nk in s uch a D..nne 1· 

: !  that the fa ce o f  th e di s k  via s  fl us h v1ith tho b o tt om o f  th e tan ... Four di .r>� 

I I 
fe r ent s i z e s  o f  ori fic e s  IO J.'e pro'lided t o  measure tho ranz;o of di s charge s 

requi r-ed for th e to sts � The die.Jr1et er s  we re 0. 2 3 ,  . 48 and . 62 i nch e s . 

One ori fi c e wa s us ed at o. time . 'l'i: o s c  not in us e were shut off with r ubb er 

s toppers . Wi th the s e or i fi c e s  it v.ra s p o s s i b l e  t o  moo. s uro the flows re qui r e 

for the tes \_, s . The �1ea d on the or i fi c e  :ra s !lleusured vii th a h o o  gage i n  e. 

s ti lling \'re l l  on th o out s i d e  o :'  the tank. 

Although the f lows to be me a s ur e d  v1ere s1ml l ,  ranging from 0. 3 2 1  to 

5. 14 gall ons per mi nute , dis c 1a r ging thi s  amount o f  wat er into the tan 
caus ed cons i d erable turbu lence . To re duc e the tur bu le n c e ,  the -wat e r  was 

disc�ar ged into a can 3 i nche s in diametol� fr om which i t  overfl owed on to 

e. hori z on al screen 8 inches e.b ove the or i fi ces . Thi s screen, v,;1i ch had 

�8 rnoshe s to the i nch , di s tributed the fl ovv an d c·.1t dovm the e l o ci t y. 

Each ori fi ce vm s c a l i orate d  b r.,rei ghing; th e di s charge in a defi ni t e  time 

for s evera l di f fere nt heads . T he . e su t s  of the calib rati ons are shown 

in fi gur e 6 .  

Dur i ng th o full s cale t e s t s  o f  s tande,rd creens pr evi ously de, the 

head lo s s e s we r e  me2. s u r e d  for dis cl�e. r ge s  of 0 . 062 5 ,  • 2 5, . 2 50, . 500, . 7 50 

und 1 . 000 c ubi c foot ' e r s econd pe r fo ot of s c re e n .  For the mo de l, thes e 

di s cha r ges would ha ve to be reduced in pro po rtio n  to the s ca le rati o, i f  
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th e velo c i t ie s  we r e  to bo ke t the s ame as f or the ful l s os. l e  t est s . 'l'he 

!'equire n. di s charges vJe re fi rs t; c om ute . on th o bas i s o f  the r a ti o of the 

e.rca of the vm l l  s cr e e n  i n  the mod.ol to tho a rea of th e c reon in tho pr o 

totype . H o :!eY.::: r, it v:a s decided that tl ti s meth o d  ,,a s i n  err or o a.use he 

c l'i ti cu l a1· ca wa G the i nto r fe. ce bet.'.'T3 n ·l1o wo.to1' -b oe.r :i. n g  for 1r.a ti o n and the 

• �:;ravel env o ).o po . Th e fl o 'IS a c tual l y  t e s t e c  5. n the mode l were ba s e d  on the 

ra·i.;io o f  the area o f  the int er fa c e i n  th e mo de l to tha. i n  the pr otot rpe • 

. \ethod of C onduc ti ng Te s ts on P. lon of So.nd in .... o Vfe lls 

In the s t udy o f  tho fl o\'T o f  and i nt o  ve lls e.nd the c co mpanying changes 

i n  the head los s e s ,  it v.ra s re c o gni z e d  that the de 1·e e o f  c ompa c ti on of tho 

gtavel enve lo e and the wat er bea1·ing formati on might have cons i d cra lo 

effect on the re sults ob tainc • Fo1· ··hi s  reason a standard pr oc edure ''.ra s 

adopted for c on ducti ng th e t e s ts .  I t  na s hoped that the rror s d uo to c om

paction of th e rra terial wo u ld be kept to a minimu..m by thi s me th o d .  

T h e  p a n  adopted for c onduc ti ng th e tes ·L. s VJa s t o  mea sure the head 

los s es in th e sand and ... he grave l  at the points i ndi cated in fi gure 1 at 

l!1e begi nni ng nd the en d of each t o s t  Each t e s t a s t ed the amo length 

of time . At the en o f  t 10 test tho o·a e l  enveJ.opo vm s remov from th e 

plas tic tub e and then vra.she to ob tai n th e san the. ... had been carrie d into 

i t  from the a qui fer . The san that pas s ed through th e s c 1· een •va s s o  

O ol l o cted .  'l'he s and ca ught wa s then dri e d  and s cre ene d to remove tho r o c  

Pow e r  formed durin g c nch te s t  b y  han ling the snn and gravel . Ea.c " croon 

·,, s te sted for s ui· able comb nati ons o f  sand and g1·ave and fo r the range 

f di s char ges required to e s  ... ab l ish the pattern o f  'che  s an movement vri th 
i ncrea s e  i n  ve lo ci ty o f  flow. 
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v'fuon ge t t.� ng r ea dy t o  a,;:e a. te s t, tho p las ti c  tube wa s s o t  ve:c'ti cally 

on a plate ha vi ng a plug th:;.t j u c t  fit ted the i n" i de of the tube . One o 

th e wi r e me s h  s c r o ens wa s tr�e� pla c e d  i n  pos it:i. on on the s to s i n  the tube , 

a fter w 1 ·  ch th e tub e wa s  fille with v1a.ter . The s an cho c on fo r the aqui fer 

·::as th en plac e d in the tub e by hand, each he.ndful b ei ng pla ced in nontact 

\':it!1 the materia l o. l rcacly i n  t 1e tub e so the. t th ere would be no tend en cy for 

tho parti c l e s  to s e gr e gat e a c c ordi ng to s i ze .  S and '.'la s  adde d unti l the 

colunm was ab out one inch hi g 1e r  jhan the fi ne. l l en,.th r e qui r e d .  The sa 1 

was comp8. c te d by ta ppi n .;  t!! e tu e 24 times wi.t a plas ti c hammer . Th e ta ps 

�re e qua l ly di s tr i bute d a l ong t�e axis of the tube on six lines  60 de reos 

. .  : a p1r t .  I f  a t  t h e  enc� of 24 ta ps ·t-h e sand column a s  to o lon"' o r  too short, 

r . •  , , . . .... sand 'Na s removed or a dded unti l the de s ir e d  l ength o f  c ol umn v:as obtainoa.. 

After the and had been c ompa c t e d  another one of the me s h  s c reens was placed 

in the tube on t o p  of th e S9.nd and rota��ed un'ci l it wa s l eve l .  

The grave l wa s then. place d i n  the tube i n  the s e. rr.e _ .nner s the and . 

I t  als o wa s c ompa c te d  by tappin"' the pla. s ti c  tube , but on l y  18 taps were 

given to the tube . After brinrring th e grave l p to the des i re d  l en · 1 the 

s ur face vJas l ev-el ed. b rota tin v•:o oden di �k on the grave l o  T i s  di sk had 

ro.di a l  groove s i n  the bott0re to i ncrease U1 e e i'fe c t i  ene s s  of the smo o th i ng 

. · ,  e.cti on. T�e d i  s lc  wa s rotated b y  means o f  a handl e a tts. c 1 o d  to th e center 

of the disk. Anothe r  d i ck ab out s i x  i nches ab ove the groove d di sk a c ted s 

a. r;uid o s o  that th e fi na J. s urfe.ce o f the grave l wou l d  be at ri g; " angles to 
··· ·· · t!-te axis o f  the tu e.  

After th e s urfa c e  h a d  b e en love l e :i the we l l  s creen was p la ced o n  top 

of the gra e l and pre s s ed dovm unti l th e ravel wa s in c ontac t with a l l  

Fa rts o f  t . . e s c reen. The s creen wa s hel d i n  place i n  thi s po s it i on by 
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th e c o  laps b le "' le e  r e  \'lh :i. ch na s pus hed OY.n a e;ains t th e c roen. 

·whi le s ti l l in t:w er ti ca l p o s :i. ti on the wn.tcr a s  s l owly drai ned from 

the moe 0 � After the �o.te r ho.d draino o:.rt; o f  t 10 tube i t  was p la c e in 

t.1e oradlo in a. hor i z oJL ... al po s i  t�. on o.s s 10 ' n in fi gure 2 .  Tho en p a tc s  

,•;ere then att Et ched and drawn t i  ht b y  means o f  th e v.ri ng nuts o n  the t '  o 

ro s .  The e.ppr oxiin�C�. t e  quanti ty of v1ater r equi ro d for the tes t was turned 

into the mod e l  ancl at the s ame time tho downs tream ond of the tub e wa s raise  
6 i nc 1 e s  s o  tl1a t ai r i n  t'le s an and grave l vvou l d  be fo r c e d  to the top a s  

the water ro "' e .  (S e e  fi gur e 7 . ) Whi lo th e mo o l  was bei n g  fi l l ed, ai r ents 

a long the top of the tuoc v;e r e  kept open. 

After a l l  the ai r  vis i b le in the tubo had esca r)e d tho air ve nts wa r e  

c l o s ed an d the tube v1a. s lowe r ed ·vo the hori zonta l pos i ti on. The pi e z ometers 

al ong the s i de of t he tub e we re th e:1 opene d one at a timo and a l lovre d to 

di sche. rgo unti 1 a l l  the entrapped a i r  had e s o8.pe d .  A s  s oon a s  the flow 

becamo uni form �,he pi e zometer was co nne cted to the pr ope r g la s s  tub e  on the 

manome ter boar d .  Whe n a l l  th o pi e z ome te r co:.me c ti ons ha d b e en made, the 

leve ls in th e manome te rs we r e  che cke d. to s e e  wh e the r tl1e r e  was ail· trapped 

in  any f the r ubber tub c o . Thi s cou. d c ea s i ]  determined b ecaus e the 

gla s s  tube s on the manometer boa rd we re arre.nged i n  th e same order a s  the 

_ i e z ome ters and conseque�1tly an ra dical chanGe in th e di ffer n ee bet-:reen 

l eve l s in adja cent tub e s  wa s i mme di a t e l y  appa. re!1t . D i s c om�ec ti ng th o rub Ell' 

tube at the pi e zo me te r an d a l owi ng th o vmter to flov1 out o f  th e manome tel� 

took care of thi s  problem 

'When a ll  the rnanom0ters we re wo rking pr ope 1· l y, the fl ow throu the 

model  wa s adjuste by re gula ti ne; the va l ve s  on th e inle t and out l e t  pi pes 

unti l the c o r re c t  head was i nd i cate d by t h e  hoo gage i n  the o ri fi c e  ':;ank 
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Figur e  7 .  � Model ti l t e d  s o  tha t  entrap ped 
ai r can e s cape a t  h i gh p o i nt of p la s t i c  tub e .  
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for th e de sj_ r e d  d :l. s che. rg;e an tl 1 e o r i f i c e  i n  u s e  at the ti me . Thi s  a d j us t� 

:·:ant was made s q\A.i ck l y  B. s po s sible becaus e n. r .i.. a ti ons i n  the re.te o f  f l ow 

woul d  a ffect th o amount of' and mo veme nt . 

I n  the p1· e li minary tes t s , wi 1 en s·�a.'::J le flow at the de s ir e d  ra te had been 

e s tab li sh ed, and a fter the e apse o f  30 mi nut es fr om the time we. ter v;a s 

t-urned into the mo del, 11 the rubb er tub es leo.di ng to the manome ters ·we re 

shut o ff a t  onc e by mean o f  a c l amp that ext endo a c ro s s  a l l  the tube s . 

"'his ar rangen�ent mad e  it pos '"' i b l e  to ge t simulb.neous rear:li ngs o f  th e heads 

o.t all p� e z ome te r s . J...s s o on a s  the r eadi ngs had b een te.ken and :t e c o r de d  the 

c lamp wa s r e le a s e d .  A s e c ond s e t  o f  readi ne;s was t�k e n  in the same m..!'l.nner 

30 minutes later . 

The o r i gi na l  plan \va s to run oa. c 1 te s v for one ?lour but i t  via s obs er ved 

that practi cal ly a l l  th e s and movement o c c ur r e d  i n  the fir s t  30 minutes . 

For thi s r e a s o n  a l l  e:r.:ce pt th e pr e l imi nary te s ts YJere for a 30-minute per i o  , 

Furthermor e ,  the pr e l�minar y t e s t s  shov1ed that the h ea. ds re gi s ter ed by the 

i e z ome ters di d not ho l d  c o ns t�nt . As ·�h e s and moved i nto th e grave l enve

lope the t ota l h ead l o s s  at fi r s t  inc reas e and then a fter mos t of t h e  sand 

novement ha d s to ppe the he ad l o s s gre .. dual ly decrease • B e caus e th e initial 

roa di ng of the he a d  l o s s wa s a ffe c t e d  b�r the time r equi r e d  to adjus t th e 

flow, the s e  readi ngs v1e r e  di sco ntinued an d for mos t of the te s ts the rea dine;.s 

a t  the end o f  tho te s t  only wcro taken. It i s  b e li e ve d  tha t the h ea d los s e s  

r:eas ured at thi s  time a r e  a mea s ur e  of t he l o s s e s  tha t  VJOU d o c cur i n  a we l l  

under s imi l ar c ondi ti ons . 

After the 1rnnorr.e ter readi ngs a t  the ond o f  th e tes ..,. had b een taken and 

recor ded, the i n le 1:; ve. lve wa s c l os e d  an d an air vent on the t o p  of the mode1 

opened. Th i s  pe rmi tte d the water to di s charge s l owly thr ough the out le t  
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h os e .  lJ'frten the wa. to r had drai ned c own to the J.e vol of the outlot conne c ti on, 

t..he end plates and l s o  the c o llaps i b le s le eve and the we l l  s c re e n  were 

romoved . San that ha. d pa s s e d  tlu.·ouc;h the gra 0l !'l.Ve l ope an v:as aught 
i n  the c. amb er at the en d of th e tu e vva s  c o l  lo oted. The grave l envo l o -·e 

v:a s  then r emove d, ca r e  b e i n  ta Ken to r ec over a l l  tho sand . After the gra e l  

hn.d b e en r emove d tho sand \'ill S dumpe d out and s a ve d  f o r  r ou s o  later . Hovrever 

e. l l  r!l8.ter i a l  th a t  v;a s s cr e ened out of the gravel v;a s r e turne to th e sa.nd 

so that th e cha racter i s t�. c s  o f  the ma ter ia l wo uld not c 1a nge cJu� i ng the 

te s ting pro gl·am. 

Th e sand ·.•;a s r emove d fro m  the gra.vo l by s cr eeni ng and washing. I n  eao 1 

ce. s e  a s c re e n  of a ppro p riate s i z e for the g1•a.ve l being te s ted wa s us ed i n  

the tube VJa s adde d to the mate rial m s!1e d out o f  the grave l nve l ope . After 

the sand ha d b e e n  drie d it wa s s creene cl to re move the material fine:; t.han 

the ori ginal sar..d . Th i s  fi ne !11B. teria J. whi ch resu t e d from th e h€\ndl ing of 

the s and and grave l c on s i s t e d  of ro c�c powder . S i nc e  the wei ght o f  th i s fino 

ma ter i a l  wa s sma 1 th e  t ota l  we i ght of and wa s us e d  a s  th e ba s i s  for c om-

paring �he amount �oved at each ve l o �i ty. 

A c omp l e te r ec o r d  of ea ch t e s t  wa s ke t on fo r ms prepare d  fo r th e pur-

pos e .  The re c ord c onsi s t e d  o f  th e type and s i z o  o f  per � rat i ons o f  the 

s c reen, the s i z e  o f  sa nd in the a qui fer and gravel i n  t.."l-l e enve opo, the 

rranometer readi ngs , the si ze of ori fi c e and the ge. ge he i gh t ,  th e t emperature 

o f  th e water a fter i t  ha d pa s s e d  thr ou gh the mod e l ,  and th e we i ght of the 

S9.nd move d .  
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:.os ul ts o f  T e s ts o f F lovt o f  Sand into Y'ie lls 

The r es u l t s  o f  a ll the te s ts on h e  flor.,r o f  s and a r e  given i n  tab le 3. 

��e de. ta. wer e a s s embled a cc o 1·  ng to the a ri ous combi ne. t i o n s  o f  gr a ve l 

o. velo pes an s an - > e.ncl tho t e s  vS on a 1 the :; c  reens vri th a pe. r ;i culnr an 

�.nd gravel c ombi ne. i on are shown toge th e !' o Th i s  a r rangement of the da· a 

r:-.u e i t pos s i b  e to c ompa re th e effo c ·i:; o f  the di ffe r e nt s cre ens on the flo '' 

of sand .  Th e amount o f  s o.n d moved for th e pr op· c s 's i e ly increa s i ng d i s charge s  

i s  a l s o  sh ovm for each s cr e en to gethe r with the a c tual e l o c i t  th rough th e 

so.nd dur i n g  th e t e s ·c, tha t i s ,  the velo c i ty tlw ough the i nter s ti c i c s  be tvre en 

the sand par ·  i c l e s . 

Ana lys i s  o f  the s e  dn. -!::a i ndicates that the anount of sand move d i nto the 

grave l enve l o pe i nc r ea s e d  v1ith the ve lo c i ty. A.t l ow ve l o c i ti e s  thi s i s  not 

n lways true , but fo r th e s e  e l o c i ti e s  the amount o ve d  wo. s so smal l tha t 

t.he una voi dabl e i n a c cUl·a c i es i n  the >·:ori: ove r s ha dowe d the e f:'ec t  o f  t!1e 

i ncrea s e  in e l o c i  t • Howe ve r , at i ghe r c o c i t i e s  the increa s e  in san 

movement wi th increa s e  i n  ve lo ci ty i s  readi l y  a.ppar ent o  I t  i s  a l s o a pparen· 

that the amount of s and o f  s. gi ven si ze i ncree. s e s  if the s i ze o f  t !1e "'rave l 

i n  the gravel envo lo e i s  i nc rea s e d .  I t  wa s o ri gL 1a l l  tho u  t th at the 

nmou..Ylt of s e.nd moveme n wo u l d  not be grea -!:: ly affected unti 1 a c r i  ti o a l  ve lo 

city a s  reach e d ,  but thi s i s  not shovr.a by tho da ta in tho ta.ble . I f  the re 

wa s a c ri ti ca l  vel o c i ty it :as n o t  ap parent from tho te s ts .  H owe ver , s u ch 

n point mi g 1t have b e en found, ha d ob s er va t i ons been ma d e  at . o re vo J. o c i t.i es 

in th e cri t i c a l  range . F o r  th e t e s t s  r e ported. e ach s u c c e e ding ve l o c i ty w<:. s  

double the pr evi ous one . Thi s  dis tri buti o n  gi vo s ·c1ni i'orm i nte rva l s on a 

log ? l o t  but it 'N8. S probably too [;r ea.t f o r  thi s pro bl em. B e cau s e  of the 

time requi re d to e the tes t s ,  the num e r  ha d to be lim:;.te d .  Th i s  method 



Grave l S and 
S i ze S i z e 

Table 3 . - - S ummary o f  Re s ult s o f  a_ l te s ts of flo r of s�nd i to we l l s ., 
(Actua l ve loc ity thr ough s e. nd in mo de l in feet per s e cond time s _o- 2 and 'lmount of 

s and moved in grams d y wei ght , Dup_i cate rea dings are ma rked v i th an a 3 ter i c k ) . 

Wel l  S c reen .. 
Type S l o t  0 . 06 2 5  

Equivalen " flow i n  prototype in c ub i c  f e e t  p e r  s e cond 
0 . 12 5  o. 2 so <:o.5oo 0 ., 500 ..s_ 2, ob --- LOO 

S c r e en JIJ o .  Width Ve l e  S and Ve l �  S and Ve L S and Ve l �  Sand Ve l .  Sand Ve l a  Sa.:1d Ve l .  S n nd 
I nch 

1/16 

1/16 

1/15 

l/16 

l/16 

1/16 

1/16 

l/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1 18 I 

1/8 

l/8 

1/8 

20- 30 

30-40 

40-60 

40-60 

40-6 0 

40-60 

40-60 - - - -
20-3 0  

30-40 

30-40 

30-40 

30-40 

30-40 

30-40 

30-40 

40 -60 

40- 6 0  

- - -

C-c 

c-c 

c-c 

C -b 

.C-a 

B-a 

D-a - -
C -b 

c-c 

C -b 

c -a. 

B -b 

B -a 

D-b 

D-a 

C - c  

C -b 

-

Inch 

0 . 100 

. 1 00 

. _oo 

. 040 

. 020 

1/16 

1/1 6 

e 040 

. 100 

. 040 

� 020 

1/8 

1/16 

1/8 

1/16 

• :iOO 
. 040 

1 . 23 

1 . 2 3 

1. , 2 3  

1 . 23 

. 9 9 

yeS a 

0 . 8  

2 . 5  

1 . 1  

1 . 0  

3 . 4  

- ) 9 2  

1 . 99 

. 9 8  

1 . 9 9 

1 . 9 9 

- - . 9 9 - -

1 . 92 

. 9 2 

_ , 93 

1 . 9 0 

1 . 90 

1 . 9 8 

6 . 8  1 . 9 9  

1 . 5  

1 . 9  

. 7  

1 . 1  

1 . 0  

1 a 9  

. 5  

2 . 1  

2 . 1  

" J_ 4 

4. 0 

5 . 5 

7 . 3  

3 .  6 o . o  

3 . 82 1 . 1  6 . 27 6 -

3 . 02 · -

3 . _0 1 . 9  

2 . 89 1 . 3  

- - - -
3 . 7 _  . 7  

3·. 8 2  2 . 1 5 . 8 0 4 . 1  

3 . 86 4 . 0  6 . 21 7 .  9'r' 
5 . 8 3 . 2  

3 . 82 3 . 3  6 . 9 5  8 .. 8 *  
5 . 7 9  5 . 4 

3 . 8 2 3 . _  5 . 5 3 . 6 

3 . 82 5 e 6  5 . 83 7 . 0* 
5 . 79 4. 5 

3 , 80 �. 

3 . 83 4 . 5 

2 . 9 9  10 7 

3 . 42 _ 5 . 7  

7 . 45 3 e 0  

7 , 9 7  2 ., 5 

7 . 9  2 . 4  

7 . 97 . 2 . 8 

7 . 9 2 2 . 5  - - - -
7 . 70 . 2  

7 , 64 8 . 4  

7 . 6 4 8 . 2 

7 . 97 6 8 . 7  

7 . 9 7  �2 . 5  

-3 � 9  2 . 3 

_4 ., 9  

- - - -

1 5 . 3 

_ 5 o3 

_ 5  .. 3 

5 . 3  

15 ., 2  

1 5., 2  

5 . 2  

_ .. s 

n ., o  

1 4 

1 5 . 7 

5 ., 2  

- 6 ., 5  

1 5 . 7  

14 . 5  



Grave l 
S i z e  

Inch 
1/8 
- - -
1/4 

1/4 

1/4 

1/4 

1/4 

/4 

1/4 

1/4 

1/4 

1/4 

1/4 

1/4 

1/4 
- - -

1/2 

1/2 

' \� 1/2 

. 1/2 

J./a 

-/2 

Table 3. -- S umma ry of Result s  o f  t L l  
S and 
S i ze 

S cr e e n  No . 

-

-

40-6 0  
- -

10- 14 

1 4 - 2 0  

20- 30 

20-30 

20-30 

20- 30 

2 0-30 

2 -30 

2 0- 3 0  

30-40 

3 0- 40 

30-40 

40-6 0  
- -

10 - 14 
14- 2 0  

1 4- 2 0  

14-20 

14- 2 0  

20-30 

- -

- -

V'e l 1  S cr een 
'l'ype S l ot 

VJidth 

c -e. 
- - - -

c -c 

C-d 

C-d 

C -c 

C -b 

B -o 

B-b 
D-e 

D-b 

C-d 
C - o  

C -b 

c -a 
- -

C-d 
C - d 

c-c 

B -o 

D-e 

- -

I nch 

. 020 
- -

. 100 

. 200 

• 200 

. 100 

. 040 

3/ 6 

1/8 

3/ 6 

1/ 

. 2 00 

• 00 

. 040 

. 020 

. 200 

. 200 

. 100 

3/16 
3/16 

C -b 4/-40 

0 . 06 2 5  0 . 12 5 

VeT�- S a nd · Ve l .  Sand 

. 99 5 . 3  1 .  9 6  n � 2  
- -

1 6 1 s 8  

1 . 07 ., 85 8 .0* 
2 e 3 

1 . 87 3 . 5  

- " 86 2 . 1  

1 . 8 5 2 ., 4 

. 86 2 . 7 

, . 19 24 .8  1 . 92 4 • 

l . 9  3 2 . 3 *  

1 . 9 2  2 6 . 1  

1 . 19 2 7 . 9  1 . 93 3 :3 . 2  

v.rash out 
- - - - -

1 . 8 5  50 . 0  

te s t  o f  f _ow of sand into we l l s . (Conti nv.ed 

0 - 2 50 ' o . soo 0 ? 500 -:;' 1 - 00 L , OO 
vei-:-· San·cf ve� sa.nd" ve i-;--s e.n d ve 1.-: -8-e.ncl Vel .  80-nd. 

-· 

2 . 9 9 16 . 0  7 . 97 3 9 . 5  
- - -

3 . 7 8  0 . 4  7 54 0 . 4  1 5 . 1 1 . 0  

3 . 70 _ . 5  7 . 39 2 ., 7 1 5 � 2  4 .. 2 

3 .  0 3 � 5 7 . 44 0 " 4. 0 - ... 2 .. 3 2 3  r-4 4 . 9  5 5  • 

3 e 73 5 ., 5  7 . 6 5 .. 6 1 5 "' _  2 3  5 *  

_4 . 9  59 e 8  

3 . 73 6 ., 4 7 . 5  1 . 2  2 ., 5 2 5 .A 1 4 . 9 49 . 9  

3 . 73 4 . 0  7 . 44 _ 4 . 2  1 • 30 . 0* l4 c 9  ss�o 

3 . 76 5 � 3 7 . 6 5 16 ., 7  2 . 2  2 5  .. 0 _4 � 9  5 . 4  

3 .. 3 4 • .  5 7 . 44 _4 . 3  1 5 . 0  6 5 . 9 

3 .  3 4 .6  7 . <Q.4 2 2 . 3 ' _ 5 ., 0  6 . 6  

3 . 82 82 . 8  6 . 06 52 . 6  

3 . 82 7 0 . 0  
7 . - 6 2 9 3 . 0>!-
6 . 06 42 . 8  

3 . 83 80 . 8  
6 . 3 9  17 0 . 6 *  

6 . 06 1 2 4 . 7  

- - - - - - - - - - -

3 . 74 0 . 5 7 . 50 0 . 5  5 . 1  1 .. 4 * 
3 . 6 9  1 . 4  7 . 4  - 6 6  .A 9 13 o 5 

4 . 8  6 .  -· 

3 r/ .{ .  1 . 5  7 . 3  _ ., 7  _ 5  0 6 9 

4 . 5 * 
3 . 78 _ . 8  7 o 3 3 3 . 4* 

- ·  -

1� . 8  6 . 3  

3 .  8 l e 6  7 t> 38" 5 . 5 .4 o 9  10 o 7  
"' sh out 



o f increas i ng the c l o c i tio s di d h o·;mvcr provi do a plan for covering a wido 

r!\nge of ve l o ci ties as thoro v.ra.s no VJ& - of Jr..noo:·lint; in advance wha t r e.nEe of 

· I \·e loci t i e s  s h oul d b e  i nve s ti ge.te d .  

O f  par ti cula1· i ntere s t i n  table 3 is tho fac t  that ne ithe r the type of 

s c re en nor the s i ze o f  perforati o ns ha d any cons picuous effe c t on the amount 

0� sand that wa s ca rri ed from the we. t e r  b oa r i ng fo r iJat i on into the gra e1 

• e:we l o p e o  �hi s is no doubt pa r tl y  due t o  th e fa c v  tha t appro riate sizes  

o f  per forati ons v1er e  cho s en f o r  each s i z e of grave l te s te d  r e ga r d le s s  of th e 

type of s c reen . I n  or der to br i nt.; this o u c  :nor e  c l o a r ly, the re sul ts o f  the 

tests on a l l  the s c re en s re gar d le s s  of type or s i ze of openings wi th the 

same an d e.n d  gr 9.ve l  combi na ti ons e re e.vel'8.ged and then plotted on s emi -

logari thT!'lic pa pc1· .  The l' e s ults a r e  s hovm i n  t�.ble 4 an d fi c;ur e s  8 t o  1 2 o  
These fi gur es show h ow the amotEJ.:c o f  san mo·'.re d L.crea s e s  wi th the e l o c i t 

for each s and and gr ave l com i na t i o n  and a l s o  h on it incr ea s e s as the s a n  

gets fine r for e ach gravel s i z e in th e o n  e l o pe . 

Tl:le aver-age amot.mt of s and mo e d  at e9. c h  ve l o c i t y  wa s c ompu e d  a ls o  for 

O!tch sand and grave l c::>mbi na"ti on for eacl:l type of s c re en YJitl:out re ge. rd to 

e s i zo of per forati ons • The r e s u l ts a r e  given i n  tab l e 5. The y a :re shown . I 1 . lotted i.n fi gur e s  13  to 1 5 .  Thc s o  plot s al l show the i n crea s e  i n  the amo unt 

. , : l 
I' 

o sand move d a s  the ve l o c i t y  i ncrea s ed .  The p l o ts show al s o  that the curve 

for each sand and grave l co mb inat i on is i n  a pr oxinate l y  the s ame po s iti on 

i n  eacl:l o f  the fi gures . Thi s  i s  readi l y  s e en b e caus e the s ym o l s us e d  for 

S donti cal sand and grave l combinati ons a r e  the s ar.1e on each fi gur e . The 

!'aot that the s e  curve s a r e  i n  the se.me po s i ti on indi cat es that the type o f  

::r een h a d  ve ry li tt lo effe c t  on the amount o f  s and tha t m o  ed i nto the 

r(l.ve l  envelope .  I t  should b e  note d  h owever, tha t fo r th e hi gh e r  ve loc;:i.ties 



D iame t er 
Grave _ S and Ra t i o  

S i ze S i ze Grave l 
Sand 

I nch S c r een 
N o .  

1/4 _0 - 14 3 . 7  
1/2 10- 14 8 . 4  

1/4 14-20 5 . 5  
1/2 14-20 12 . 5  
1/8 20-30 4 4 4 
1/4 20-30 8 , 4 
1/2 20-30 1 8 . 6  

1/1 6 30-40 3 . 5  
l/8 3 0-40 7 . 1  
/4 30-40 13 . 1  

1/16 40-60 5.4 
l/8 40-60 10 . 7  
1/4 40- 60 19 . 8  

Table 4 · -- Average of the re s ults of t_� e  tes ts of n ov o f  s and for a l  s cr e<:n:.s 
wi th the 

No . 
of 0 , 06 2 5  

T e s ts Ve l . Sand FtTsec Grams 

1 
... 
J.. 

1 
4 
1 
7 1 . 07 2 . 3 

1 
7 
4 1 . _ 9  26 . 3  

4 1 . 2 3 1 .. 3 
3 1 . 02 5 . 2  
1 0 . 9  267 .,6 

Stl.me s and and grave l c omb ina t i o n  a�d t lC same 0.i s charge o. 

(Ve o c i ty in feet per s econd t.:.mes lo- 2 ) 

Eq ·iva lent flow in prototype i n  cu i c  f e e t  e r  s e c ond -
0 . 1 2 5  ·--o :z·5o < o. ·5oo 0 . 500 <::)aOO L OO 

Ve l . S a nd Ve l .  S and Vel . S a!:ld Vel .  Sa.nr.J Vel .  S and Ve l o  Sand Ft/sec- Grams Ft/s e c Grams Ft(sec Grams F".:;1s ec Grams Ft/sec --- -+--··--Gre.!:ls Ftj s e0 Gr2..ms 

3 . 7  0 . 4  . 54 0 . 4  l5 o l  1 .  
3 . 74 0 . 5 7 ., 50 o .  _5 .. 1 l o 4  

3 . 70 . 5  7 ., 3 2 o 7  5 2 4 , 2  
3 . 70 6 7 . 37 3 .. 0 14 ., 9  o . o  

3 . 7 1  . 7  7 . 70 1 . 2 13 .. 9 2 ., 3  
. 86 3 . 4  3 �  3 . 4 . 8  7 .. 5 4. 7 2 ., 2 26 . 0  5 0 5� . 0  

1 . 85 50 . 0  •,\as h  o ut 

. 92 . 5  3 . 82 - ·  6 . 27 ..... . . -
1 . 9  2 . 2  3 . 8 2  3 . 8  6 ., 00 5 6 - - 5 ,. 3 _ 5 Q O  
1 . 9 2 3 3 o 2  3 . 82 . 7 7 . 8  6 . 3 5  176 . 7  

_ . 9 9  5 3 . 00 1 . 4  7 . 97 2 . 6  
1 .9 8  8 . 0  3 . 13 14. 1 7 . 9 7  50 .. 2 
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Grave l 

S i z e 
S e.nd 
S i z e 

Tab e 5 . - - Avera ge o f  the res ult s of the t e s ts of the f _ow of s and f or a. _ l  s cr e e ns 
of the s ame type v i th the sa e s and and gra el combinati on 

G.nd the s am e  di s cha r ge . 

I 

S creen Equiv.o, l ent flo'. in p r o t o type in ·.: • ;.'.:; :�c fe e t  p e r  s e c ond 
0 . 06 2-.•,.,...,· ------.,o-. .,...1., �2""5---=-- o 2 50 o ---__...,,.,... --·- --__..., Type Wi dth o f'  '.J � _.< -., !JOO 

- ·--
J . 500 < 

Ope nings Vei:·-··--sari:<l veT�-- S and Ve-. -- Se.�d Vel ., Sand \r9I',- --s?nd -ef 
_,.,I_n_c.,...h--Sl"<'"":"'cr-:-e:::-e�n==------=-I-n_c_h--=----"'?.FrLt}sec"�i;r .3-m� . . s��F:::-:t-;-rs e c grar:1s Ft/ s e c  gra:-:J.:J Ft/ s e c  -r o.::J.ta ?' ·t;; .,; '=' ,;; grams F·C/Si 

l/16 
l/16 
l/16 

1/8 
l/8 
1/8 

1/4 

1/2 
1/2 
1/2 

r o .  

40 - 6 0  c 
40-60 B 
40-60 D 

30-40 c 
30-40 B 
30- 40 D 

40-60 c 

20- 30 c 
20-30 B 

2 0-30 D 

30-40 c 

_4-20 c 
1 4-20 B 
14- 20 D 

e 10, . 04, o 0 2  
-/1 6 

/1 6 

• _o, . o4,  . 0 2  
1/8 , 1/16 
l/8 , 1/16 

. ... o� o 04, . 02 

• 20 , . 10 , � 01 
0/16, 1/8 
3/16,  1/8 

• zo, • _o, . 02 

. 2 0, . _o 
3/16 
3/ 6 

1 .  23 
- .  23 

1 . 02 

. 07 

1 . 5  
1 . 0  

5 . 2  

2 . 3 

26 . 3  

1 o 99 
1 ., 9 9  
1 99  

• 9 0  
1 . 90 

- � 86 
l 86 

. 6  
1 . 0  

. 9  

1 . 9  
2 .  

3 . 8  
2 . 6  

3 2 

3 .  
3 . 7  
3 �  

1 . 5  
1 . 3  

3 .. 

4 . 4  
4 o3 

77 . 8  

1 . 4  
1 . 8  
1 . 6  

6 . 3 176 ,. 7  

8 , 0  
8 . 0  
7 . 9  

7 . 9  

7 ., 5  
7 . 5  
7 . 4  

7 . 4  

50 . 2  

1 . 6  
3 . 4  



. l ( .... � · 1 1  3 c r c o n s  

c o·,o i nu tl o .. 

- - - -- �.o J !  ;� d 0 n t  t'low in pro to type in ::. · �t ::. c  fe e t  p e r  s ec ond · 

u , z vo __ < o � t>oo _ _ _ -_----J..,..., 5oo··-- · ---<....-:.�-.,.1-
.
"'"'o""'o--

. • I' O l . - -S-o. n_d_ vel"":-' -- Se.nd VeL ,  S and \!9I',- -Sand Ve l .  S and 
.. . -.,-;::---:: -. �---=t"""�--/.,-s c c grams Ft/sec gra:ns Ft/s eo gr o.ma F·c/:8..:>  p·ams F·c; s e c  grams 

-. 
-

r 

2 1 . 2 3 1 . 5  1 � 99 1 . 6  3 . _  1 . 5  8 � 0  2 .,  5 
1 . 23 1 . 0  1 ., 9 9  1 . 0  2 . 9  1 . 3  8 . 0  2 . 8  1 . 99 1 . 9  7 . 9  2 5 

_ . 9 0 . 9  3 ., 8  3 .. 6 e  5 . 9  
1 . 90 2 . 7  3 . 8  4 . 4  5 .. 7 5 . 0 

3 . 8  4 ,3 7 . 6  8 .- 3  

1 . 02 5 , 2  _ . 9 8  8 . 0 3 .. 2 14 . 1  7 .  50 . 2  

1 . 07 2 . 3 1 .  6 3 . 8  3 . 7 5 . _  7 � 5  1 1 . 7  1 2 . 4  2 4 . 4  
1 . 86 2 . 6  3 . 7  4 . 7  7 . 5  1 5 ,, 4 l 2 o 0  27 ., 5  

3 . 7 4 e 5 . 4  1 8 . 3  

1 . 1 9 26 . 3  1 .. 9 2  3 3 ., 2  3 ., 8  7 7 . 8  6 . 3 176 ,. 7  

3 . 7 � 4  7 . 4  1 . 6  
3 . 7 1 . 8 7 . 3  3 . 4  
3 . 7 . 

• 6 7 . 4  5 ., 5  

-

--f:cscy-
vel . Sand 

-+--- ----Ft; sec grams 

_5.,3 1 4:  4 
I 5 .3 1 5 . 8  

:!. 5 .,2 _ 5  -

. A � 9  4:7 ., 2  
4 o 9  5 5 .., 2  

5 o0 6 6 o 6  

4 . 9  . 8  

4 .. 8 l l o 4  
14 ., 10 . 7  
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when the fine s t  s an wan us e d, ore s an d  was moved i n  th e te s t s  on the type 

B and type D s c re o:J.s than in the te s t s  on the ty-pe C s cr e ens . Since the 

type B and t pe D c r e ens he.. ve sma le r p c n� ents. ges of openi ngs than the type 

c s cr eens, the velo c i ti es thr o ug1 th e o p enin .s ar o hi gh e r  and cons e quentl y  

the can-ying powe r of the wa ter i s  groa ter . 

Los s  o f  Head in Sand and Gra·vel 

The r e s u  ts of the 1 ... s of �1oa d  r ea di ngs on the pi e z ome ter s attach e d  

to th e mo de l a t  di ffe e n t  points e. l o n g  the s i de o f  the p la s ti c tub e  ( fi gure 1 )  
used for the o de l  tudi e s  are give n  i n  ta b l o  6 .  All the tes t s  on each 

s creen for th e vari o us c ombi nati ons of sand an d gra c l  aro shown toge th er. 

For each s and and gravel c ombinati on the r c s n 1 t s  are ar ra�ged i n  the or der 

of increa s i n g  ve locities . By th:L s an ·angeme!1t i t  i s  pos s i b le to s ee how the 

head lo s s  i nc r e a s e s  wi th the ve l o ci ty for each .c om j, nat i o n  of s cr een, s and 

and gravel . 
A l l  the l o s s e s were mea s ur e d  b e t· fe en the pie zome ter (No . l )  in the 

chamber at the d ownstr eam end of the tube and the pi e z omet er i nd i ce.t e d  by 

th e  numb e r  at the head o f  th e  column in the t" b le .  The l os s e s  v,re r obtained 

J by s ubtra c t i ng \.h e  manome ter reading; fo r Pie z ometer N o .  l ;  fro m  the JP.a nome te:i.� 

r eading for the p i e zome ter numb er unde r w 1 i ch the los s i s  re co rded. A l l  

l os s e s  are i n  i nches . 

As previ ous ly exp lain e d  tho r.:anometer readi ne;s we:re taken at the end 

of each t e s t. In o rde l' to ge t s imultane ous readings a l l  the manome te rs were 

shut o f f  at once by means of a c lamp whi ch ext ended a c r o s s  the rubber tu es 

l ea di n g  to the IIlD.nome ter s .  Althou gh thi s eth o d  mEl. e i t  po s s i b le to get 

s imultaneous readi n gs o f  the h ea ds it di d. not elimina ... e the po s s i bi lity of 

i nconsi stenci e s  i n  the readi ngs . Thi s i s  par ti cularl y noticeable in the 



. · \' 

Table 6 3 - - Lo s s  o f  head thr ough sand and gra.,...e _  in mod e l  s tudy of f ovr of san int o we L s  

fo:: m::-i o us combinatio�1s of  s creen1 s e.nd and grave L  
(Lo s s  of  head meas ured between p i e z 01r..e te r  inC.icatcd an d  'Piezometer :o . l ( S e e  f i gur e ) .. 

-
--.S,....,i,_z

-
e
----·-------------------------- ---·-,p'i::jc-:_ e:-::z ·ome�.; el· Numbe-r 

Gravel-· sand Ve l o c i ty S a nd 
in S::l.nd Moved 

2 3 4 6 7 

in. S creen No . ft/s ec  gra_m_s---:-in-.----:-i-n--.--�i-n-.------:i-Il ___ Tn-:-- -in . 

1/16 

1/8 

1/8 

l/16 

1/8 

1/8 

1/8 

40- 6 0 

30-40 

40- 6 0 

40-6 0  

20-30 

30-40 

40-60 

o . ol 2 3  

. 0 19 9 

. 03 l 

. 079 7 

. 0:9 3 

. 03 32 

. 0 5 7 9  

. 06 9 5 

. 00 8 9  

. 0 1 9 6  

. •  0 2 9 9 · 
. 07 9 7  

. 01 2 3  

. 019 8 
. 07 9 7  
. 0 3 7 1  
. 0 7 7  

. 1 3 9 

. OJ. 92  

. 0386 

. 0 5 8 1  

. 05 2 1  

. 0108 
. 0 1 9 9  

� 034 2 

. OL7 

1 . 1  

l � l  
L 9 

2 � 4 

2 . 1  

3 . 3 

5 . 4  
8 . 8  

5 . 3  
1 1 . 2  

16 . 0  

3 9 . 5  

2 . 5  
1 . 7  

2 . 5 

1_. 7 

1 . 2  

2 . 3  

4 . 0  

3 . 2  
7 . 9  

6 . 8  

7 � 3 

1 5 . 7  
42 � 5  

4 5 , 9  
7 1 . 0  

103 . 1  

2 83 . 4  

3 7 . 8  

59 . 4  
89 . 4 

103 . '7 

3 4 . 6  

'/ 2 n l 
104 . 1  

3 1 1 , 3  

4 1.. 6 

6 3 . 2  

303 . .  2 

2 1 . 20 

47 . 0 

8 7 � 8  

3 2 . 2  

6 7 . 4  

102 , 9  

99 . 8  

3 6 o 3  

6 4: . 7 

103 . 1  

3 1 3 � 2  

't'y_ e C-a s c re en 
2 6 . 9 8  1 3 . 6 4  

40 . 56 2 0 . 4 5 

6 2 . 1  ;) 2 , 04 
1 6 1 . 0  86 , 3  

24 , 06 l3 . 56 
3 3 ., 2 3  
5 _ ., 2 6  

6 0 . 9 5 

19 , 1:) 
3 8 . 9 6 

57 . 5 9 

190 � 3  

�.4 ., 55 

2 4 o 58 

2 8 . 3 4 

8 . 6 5  

1 '7 . 45 
2 7 - 6 9 

9 7 , 5  

i th 0 . 020-. inch s l0ts 
7 . 30 5 . 6 1 3 . 7 5  

1 1 . 06 8 . 52 5 . 86 
1 8 � 0 5  1 4 - �5 1 0 . 46 

4 8 , 9  2 7 . 9  

7 -. 1 9 5 . 46 3 . 46 

4 , 86 2 . 0 5  l . Ol 
10 . 9 6 7 . 30 3 . 0 3 

l l  6 6  8 . 3 2 4 . 36 
3 . 70 2 . 3 7 . 84 
7 . 1 3 � : 3 7 1 . 7 2 

1 3 . 3 1  9 •; 50 

5 5 ., 5  
5 , 2 .... 

3 3 . 0  

Type C - b  s c . o e n  wi th 0 . 040-inch s lots 
23 . lo 1 1 . 3 0 5 . 51 4 , 02 2 . 1 8 
3 5 . 42 1 7 . 7 3 9 . 29 6 . 96 4 . 4 2 

1 8 1 . 7  99 ; 6  5 8 . 2  47 , 3  3 5 ; 5  

13 . 07 G . 6 8  3 . 08 1 . 9 9  1 . 2 0 

2 8 . 2  1 4 . 6 1  r . 56 5 . 7 1  3 . 6 3 

17 . 86 

39 . 8  

57 . 8 7 

6 • 3 6  

20 . 36 

3 6 . 7 8 

5 5 . 40 

1 77' 7 

7 , 9 5 

2 0 . 8 2 

2 9 � 48 
o L- 2 6  

9 . 4 0 

1 7 . 6 6  

2 4 . 6 9  

90 . 9  

0 . 06 1 . 6 9  

1 1 . 2 3 8 . 6 1 
::. s .  5 1 2 . 31 

7 , 17 13 . 52 
4 .  ll 2 .• 74 
9 � 1 8 6 . 7 3 

9 ,, 90 5 . 8 1  

48 . 9  3 8 � 1  

5 . 9 6 

8 . 6  

9 0 4'/ 
_ . 05 

4 . 14 

2 . 9 3 

26 . 8 

8 

L 96 
3 . 46 

6 -. 35 
l n ., ::.  

1 . -±6 

• s o  
p �  _ . v v 

o 2 2 

1 .. 13 
1 . . 90 

0 8'1 
2 . 54 

. 4 3 

3 . 2 5  

5 . 1 11 

5 . 9 3  
, 2 7 

2 . :i. 9 

L 3 6 

17 . 7 5 

9 

1 . 59 

LO 
� 3 5  

14.  7 

1 . 8 9 

. 6 2  

7 . 83 

1 0  

., 1 2 

L S 2 

10 , 6  

. 93 

(' 53 
3 . 3 0 

l3 , 6 J 

. 7 8 

2 . 3 1  

. 8 1  

_ , 70 
2 . 06 

• 2 6  

e 45 
. /2 

3 .. 3 3  

10 

0 . 8 9 

1 . 1 8 

2 o 4 _  

8 � 6 9 

. 27 

. 7 5  

1 . 5  
. 14 
. 16 

2 . 29 

• 83 
1 . 3 3 

1 � 1 1 

� 63 
1 . 9 1  
4 . 3 5  

. 2 8 

. 6 · 
1 . 3 6 

- . 5 9  

. _ 9 

. 3 6  

• 5 8  
2 . 43 

14 

in. 

O o 47 
. GO 

- o Z' 6  

4: e 6 7  

. 1 5 

. 4 2 

. 96 

. 05 

. o::. 
2J. 

_ . 2 2  

. �2 

. 7 1  

6 . 03 

. 3 _  

� 04 

2 . 44 

. 10 
0 •• 8 

7 3  

8 8  

c 17 

. 2 0 

. 2 9 

1 . 3 9  

5 

- o . o _ 

- . 23 
. 23 
. 43 

- . 03 
. 06 

. 07 

. 22 
- . 04 

- e 03 

. o_ 
.. o_ 
. 6 9  
. 06 

. 1 2 

. 3 6 

- . 0 5 

- . 1 8 
03 

. 16 

- . 0 5  

- . 01 
. 07 
., 15 



Tab _e 6 . - - Lo s s  of head th o ugh s and nd gra. e _  in mod e l  s tudy o f  f ow o f  s n d  
for va i o us c ombina t ions o f  s cr e en, s and and gn.ve l .  f c ontin ed ) 

(Lo s s  o f  head measur e d  betv·reen p i e z ome t e r  indi c a t e d  and p i e z ome te r  No . 1 ( s ee 

S i z e P i e zometer N��b c r  
Gr ave l Sand V e  o city Sand 2 3 1 5 (j 7 8 9 

i n  s a nd i'1ioved 
i n .  S c reen l 0 .  ft/s ec grams in.  in •. i n .  i n .  i r.. . i n .  i!:l. ino  

Type c - , c reen vri. th 0 . 04,0- inch s _ ots ( co nt 1 d . ) 
1/4 2 0 -30 o . o l 8 6  2 .  4 . 8  9 . 3 9 " ... , 1 . 88 1 . 3 3 . 2 7 . 0 8  ::= ot O .L 

. 0 3 7 3  6 . 4 30 . 6  1q 85 10 . 06 � . 4 5  2 .  9 . _ . 3 _  . 6 5 

. 0751 1 7 . 2  33 . 83 . 6 ., 6 0  8 . 7 1  5 � 9 6 ... . 50 2 . 19 1 . 06 
' 

. 1 2 5 2 5 . 4  9 3 . 9  5 5 . 3 9 2 6 . 2 9 _ 2 . 1 8 8 . 70 � . 6 1  2 . 19 

. 1 49 49 . 9 1 2 8 . 2  7 9 . 2  4 S , 8  2 (; . 6 � 5 0 . 5 6 . 7  4 o 3  

1/4 30- 0 . o 1 9  27 . 9  1 7 . 3 2 9 . 6 9  4 0 9  L 3 5 2 . 3 8 ., J.6 
. 0183 3 3 . 2  26 . 96 1 4 . 84 5 . 91 1 . 80 . 96 e 38 
. 03 8 3  80 . 8  59 . 8 3 2 . 1 2  - 3  J f)3 1.!: . 4 5 . ?, 7 1 . 2 7 

. 06 0 6 124 . 7  9 1 . 7 49 . 3 5  2 1 ., 9 ;) 8 . 9 8  5 . 84 "' . 6 9 1 . 2 8 

. 06 3 9 170 � 6  103 . 5 5 5 . 03 2 1 ., 0  8 . �7 6 . 1 3 4 . 06 2 . 6 3 

T ypo C-c s c. re c n  ··:;i tl1 0 . 100- inch s l o t  

1/16 20-30 . 0376 0 0 . 19 . 4 9  1 2 , 0 2 G .  4 . 00 3 . 9 2 .  5-:1: 2 . 40 
. 07 4 5 3 . 0 40 . 83 2 5 . 01 3 . 8J  0 . 36 6 . G8 5 . 1 6 4 . 29 

. 1 49 1 . 8 83 . 8 53 . t' 6  9 � 26 _6 0 5 2 . 87 O c 7 0 

1/16 30-40 c 0 1 9 2  1 . 5  2 8 ., 9  16 . 12 S o · 5 ( , 54 3 . 2 5  1 o 85 1 . 2 7 

. 03 8 2 1 . 1  5 9 . 5 3:'i < G 6  _6 . 8 9 8 . 47 6 . 0 9  3 20 2 . 9 5 

. 06 2 7 - n l  103 .0  56 , 1 5 27 . 06 ;) • 20 9 . 2 9 5 . 2 9 5 . 10 

1/16 4.0- 6 0  . 0 1 2 3  . 8  41 . 64 2 2 . 30 1 1 . 09 5 . 7 2  1 90 2 . 86 . 9 1  

. 0 19� L 9  6 8 . 5  3 5 . G 6  16 . ? .. 6 . 9 2  4 . 0 5 1 . 4 5 

. 03 0 2  1 . 1  103 . 81 58 , 7 1 2 9 . 7 7 _ 4 . 57 _0 . 1 4 5 . 09 2 . 3 G 

_js 30 - 40 . 0 1 9 2 1 . 5 3 2 . 5  1 8 . 7 6 9 . � 4 4 .o 3 2  2 . 8_ � . 53 . � 9 
. 0 3 0 2  2 � 1  6 3 � 2  3 7 . 56 19 � 6 0  _o 58 8 . 00 5 . 3 9 3 . 08 
. 0 5 8 4 8 - 0 2 ,. 5  57 , 9 3  26 . 03 E �  9 7 . 81 3 . 2 3 L 94 

1/8 40 - 60 . 0099 3 . 4  36 . 9  20 . 50 . 55 1 . 2 3  2 . 6 9  1 . 2 5  . 4G 
. 0 1 9 8 5 . 5  7 4 . 4 40 . 42 18 c 8 7 8 . 96 6 . 2 8  4 . 04 1 . 07 

. 0 2 9 9  10 . 7  0 4 <> 2  57 . 5 1 2 6 . 6 2  _ 2 . 06 8 10 3 . 7 3 1 . 47 

. 07 97 6 8 . 7 

. ... � n  ... o we l ls 

f :!. t:; r e ) , 

..'..0 

::_�.:, ., 

. os 

o 2 2 
. 93 

1 7 9  

3 . 5 

. 03 

. 1 8 

� 76 
_ . 2 3 

L 1 5 

2 . 7 S 

sn • v 

2 � 1 5 

o 4 3  
� 8 9 

1 . 7 2 

. 2 3 

. 43 
• 53 

13 
:'.. n .  

. oo 

. 1 5 
� 73 

1 <· 40 

2 . 5 5 

� 0 2  

, 0 9  

• __ 5 

• 57 

. 4 2 

86 

3 . 70 
6 e 56 

. 93 
2 n l 8 

3 . 8 5 

. 7 1  
o 96 

_ . 6 9  
o 3-
. 71 
. 3 4 

. 16 

. 3 3 

. 4  

14 1 5  

i n .  i.n � 

- . 04 - . _ 2 

. 04 - . 13 

. 40 - . 01 

.
'17 - . 0 1  

. 46 � 1 5  
- . 01 - r O:J 

. 04 - . o:. 

. 0 6  - . 09 

. 3 4  . 04 

. 2 _ - . 07 

_ ., 1)3 0 . 20 

2 � 06 . 3 9  

4 . 17 • 87 
e 50 . 04 

_ . 2  . l _ .. 
2 o .  1 . 2 2 

. 3  . 0 5  

• 52 o 03 
. 98 . 2 1 

. 12 - . 07 

e 3 5  - . 09 
. 73 - . 05 

. 0 5  - . 02 
• .  6 - . 05 
.. 6 - . 1 9 



Table 6 . - - Los s o f  h e a d  thr o ugh sand and grave _ in 1 od e _  s tud r of f _ ovr o f  sand into we l l s  
for var i o us c omb i na t i o ns o f  s c r e e n ,  sancl o.nd grave l .  (Continued ) 

( Lo s s o f  head me a s ur e d  b e t\veen pi e z ome ter indi cated and pie zome te r  N o .  l ( s e e  f i g ;.r e ) , 

Size 
Gra ve l S and Ve l o c ity S a nd 3 4 5 6 

P .:..c z ome t e r  Numb er 
7 8 9 

in s and MovCl d 
--i n--� --.�S-c_r_e_e_n_N�o-.--�f�t7S-oc---gr o.ms·�--�i-n-. ----�i-n-o----�i'-n-.------l�. r-1 .----�i-n--� ----�i-n . in in. :. n ., 

1/4 10-14 

20-30 

30- 40 

1/2 14 . 2 0 

1/4 14 - 20 

1/4 2 0- 30 

. 03 7 8  

. 07 54 

e l 5 1  

. 0 107 

. 0 1 8 5  

. 0 1 8 7  

. 03 7 3  

. 07 0 5  . 1 49 

. 1 5_ 

. 0 }  9 1  

. 01 9 2  

. 03 8 2  

. OG 0 6  

� 0'116 
. 03 7 0  . 073 8 

. 1 50 

. 07-> 7 

. 07 3 9  . 1 52 

. 0 1 86 

. 0370 

. 0744 
. 1 2 3  
. 1 49 

0 . 4 
• 4 

. 

1 c- O  

2 e 3  

8 , 0 

3 . 5  
5 . 5 
7 . 6 

5 9 . 8  

2 3 , 5  

3 2 . 3  

2 6 . 1  

7 0 . 0  

H·2 o. 8  
2 9 3 � 0 

1 . 5  
1 . 7  

6 . 9 

. 1 . 5 

2 . 7  

4 . 2  

1 . 8  

3 . 5 
10 . 4  

2 5 . 1  

5 5 . 8  

T ype C - c  s c r e e n  with 0 . 100- inch s o t s  ( c o nt 1 �  
4 . 2 1  2 � 6 2 1 . 3 5 c 6 8  o 52 o 3 1  

10 . 1 8 6 o 4 5  3 . 50 1 o 9 9  _ . 57 1 . 10 

2 3 o 90 1 5 v 50 8 . 93 5 . 48 4 . 47 3 o 65 
5 . 7 8  3 , 6 4  - � 7 0  . 6 6  . 3 7  . _6 
9 � 90  6 � 07 2 . 8 9 1 . 2 8 . so . 3 9 

1 1 . 1 8  6 � 9 9  4 � 59 1 . '7 5 1 _ 8  . 64 
_ 9 � 0 2  _ 1 � 9 5  5 . 9 7 ?. . 7 2 1 � 7 2 l . 0?-
3 6 . 1 5 2 1 � 86 10 , 0 5 3 . 52 1 � 8 1 1 . 0 9  

1 23 . 5  74 . 5  42 . 9  2 4 � 6  _ 8 . 6  1 , 24: 

7 3 . 6  43 . 09 1 8 . 52 6 . 1 5 3 . 09 2 . 6 7  
3 2 e 6  18 . 9 0 9 . /± 9 4 . 6 0  3 . 2 6 1 . 8 5 

2 9 . 2  1 6 . 5 7 . 6 7 3 . 27 2 . 2 2 1 o 02 

55 0 00 , G l 
8 7 . 0  4:7 . 1 7 100 2 58 . 1 5 

9 o 7 5  5 . 81 
2 0 . 90 

4 2 . 5  

8 . 56 
21 . 05 

44 . 4 2  
15 . 8  
2 8 . 4  

56 � 6  
90 . 7  

1 2 _ . 0 

T yp e  C - d  

5 . 0 1  

1 3 . 57 

28 . 1 8 

10 , 1 6 
17 . 9 2 
3 4 . 6 8  
5 3 . 04: 
7 2 . 0  

l z., . · %  
20 . 6 1.1:  
27 v 0 5  

2 . 6 6 

7 .  5 

5 . 2 9  

8 . 2 0 

_ 3 . 53 
1 . 10 

5 . l l  

3 ., 4 5  

5 . 6 4  
9 . 9 3 

o 54 

3 . 2 7  

s c re e n wi th 0 .  200-i nch 
2 . 40 0 . 8 5  0 . 53 

6 . 56 3. 2 1  2. 3 1  
E . 8 5 8 , 2 3 6 . 40 

5 . 06 2. 2 6  1 . 49 

9 . 2 2 

16 . 7 9  
2 3 . 8 5 

41 . 9  

4 . <: 5 3 . 0 8  
'7 . D 7  4 � 53 
8 . 3 3 5 c 3 7 

23 . 8  16 . 8  

l o S'S 
3 . 8 2  
6 c 99 

. 12 

2 2 

s l ots 
0 . 3 2 

1 . 36 

4 . 3 5  

3 8  

l .  7 '7 

1 .  fi9 
3 . 51 

1 1 . 7  

� 2 6  
., 8 1  

2 . 7 6 

. 1 5  

2 1  

3 4  
• t;7 

• 56 

. 9 8  

. 2 5 
• 96 

2. 2 .  
5 . 42· 

. 02 

l u 83 

0 . 8 0 

2 . 8 0  

. 05 
• 5 7  

. 88 
2 .  41 

6 . '10 

3 .  1 

� :. 7  
- . 1 9 

- . _ 4 

' 23 
,; 7 3  

2 . 2 6  

. H  
1 ·" ' ! 

(! 7 7  
3 � 06 
2 . 3 4 

o l 5  - . 1 8 

. so 
1 . 6 8 

. 0 ' 

1 , 76  

- ., ::.3 
� 2 7  
• 84 

1 . 9 8  
3 . 2 5 

_ 3  

in. ,  

.. 16 
. 5 9 

l .  8 J. 
0 J.4 
c 16 
, 3 0 

o fO 

,., 6 6  

2 . 6 3 
1 v 96 

• 2 

- • 2 2  
. 2 4  
o 19 

. 80 - . 03 

. 6 5  

0 . 2 3 

. 6 1  
1 . 9 3 

- e l 5 

. 2 2 

. 6 3 
1 . 54 

2 . 1 7 

14 

. 06 

. 3 2  

1 . 0 2  

. 13 

. 1 0 

. 2 5 

. 2:1 

.37 
o 57 

1 . _6 .06 
- • 2 5  

. 20 

� 3 7  

- . OG 

., � ..!.. 0 

in 

- 0 
- . 0 5 

. 05 

. 07 

. 0 5  

. _o 
0 •• 6 

. oo 

. 44 
.

• 2.6 
- . 0 2  

- . 04 
- . 06 

., 03 - . 10 

. 2 8 - . 05 

0 . 1 2  
. 36 
. 1 5 

- . 2 2 

. 07 

. 43 

. 8 5  

_ . 2 5 

- . 05 
. C5 
. 1 5 

- • 2G 
- . 04 
- . 04 

. 13 

. _7 



Tab _e 6 . -- Lo s s  o f  head thro gh s a  d and g;ra e in mode l tudy o f  f o of s and into we l s 
fo r · va r i ous combL ations o f  c:r e en, sa  d a nd gre.v - •  ( C ontin e d ) 

( Lo s s  o f  head mea s  re beb·veen 9i e z ome ter i nd i cated an p i e z onet0r N o . 1 ( s e e :' i st: e • 

----�--------------------------------------------------------------��������-- ---· - - -- ----------- ----------S i z e :? i o z ome t e r  "i1..:m e 
G ra ve l  Sand Ve 1 o c i  ty S and 2 3 4 5 6 7 8 9 

in . S c reen No . 

1/4 30- 40 

1/2 10- 14 

-/2 14- 20 

1/16 40- 6 0  

1/8 3 0- 40 

1/8 30- 40 

/4 20- 3 0 

i n  s and . o ved 
�--�------�------�------�------�----�------�------�---ft/3 e c  g. ams i n . i n . i n . i n in . in . 

o . oi _9 
. 0 1 9 2  
. 03 8 2 

. 0 606 

. 037 4 

. 07 50 

. 1 5 _ 

. 036 9 

. 07 4 ,  

. 1 4 8  

• 4 9  

. o 2 3  0199 

. 0 2 8 9  

. 07 97 

. 01 9  

. 03 8 2 

. 0 57 9  

. 0 5 83 

. 1 5 2  

. 0 1 9  

. 03 82 

. 0 5 51 

. 0 1 86 
• 0376 

. 0 7 5 5  

. _ 2 2  . 149 

2 4 . 8 

41 . 1 

8 2 . 8 

1 5 2 . 6  
. 5 
. 5  

l o 4 
1 . 4  

1 . 6  

6 1 
13 . 5 

. 0= 

1 . 0  

1 .. 3 
2 . 8 

4 0 

5. 6 

4 . 5 
7 . 0  

16 ., 5 

1 . 4  

3 . 1  
3 . 6 
2 . 7  
5 . 3  

16 . 7  
2 5 . 0  

5 5 . 4 

1 9 . 3  

3 0 . "' 

5 9 . 8  

10 2 . 1  
5 . 06 

9 . 1 1 
2 0 . 8 8 

1 1 . 1  
2 3 . 2  

48 . 93 

48 .. 6 

50 . 0  
74 . 3  

_03 . 6  
2 8 9 . 7  

30 . 9 0 

9 2 . 7  

2 7 8 , 0  

33 . 5  

6 6 . 8 
03 . 1  

14 . 40 

28 . 9 0 

6 1 . 6  

9 4. 9 

_ 19 . _  

Type C - d  s c re en vri th 0 .  zoo:.. inch s o �  

10 . 9 8  5 . 0 2 2 . 1 2 1 . 38 

16 . 5 _ 7 . 2 1  2 . 6 6  1 6 

3 3 , 7 9 5 . 19 5 , 6 8  2 c 6 9  
5 5 . 4  2 4 . 6 _  _0 . 56 7 . 2 9  

2 , 46 1 . 0 9  . 51 . 3 3  
5 . 44 2 . 6 7  _ . 2 4  . s o 
2 o 6 7 6 . 46 3 . 2 2 2 , 40 

6 , 80 3 47 1 . 82 l o 3 4  
14 . 16 7 , 3 2  3 c 6 5  2 . 76 
2 8 . 9 1 2 , 96 5 . 00 2 o 90 

2 9 . 86 15 . 42 8 . 04 6 . 0 2  

Typ e  B-a s cr e e n with 
2 9 . 53 15 . 7 2 

6 0 . 56 

17 3 � 8  

1 7 . 6 4 
39 £ 96 

5 2 . 1 8  

5 9 . 36 

21 " 2 5 

2 7 . 8 8  

9 1 . 3 
7 . 83 

20 . 6 9  

2 . 1 5 
27 . 52 

9 1 . 0  

/1 6 - i nch pcrfo 
8 . 96 7 . 06 
9 . 9 4 6 . 87 

L 76 7 . 14 

49 . 1  
3 . 02 . 6 3  

_0 . 8 9 8 . 50 
13 . 1 8 9 . 6 9  

_ l . G _  6 . 9 _ 

.5 5 o  9 

( cont 
0 . 6 6 

. 6  
1 . 26 
4 . 2 

. 1 5  
a 38 
. 44 
• 81 

1 . 7 5  
1 . 00 
3 . 94 

ati ons 
4 � 9 7 
3 . 44 
2 . 9 5 

2 6 ,. 3 
53 

6 . 00 

5 . 52 

3 . 46 
3 3 � 8 

Type B -b s c re en with �/8-inch pe rfo�ati ons 
20 . 2 2  9 . 7 4 1 . 4 2 . 94 • 6 
39 . 40 1 8 . 84 8 . 7 1  5 . 9 7 2 . 74 

6 2 . 42 3 1 . 7 4 1 5 . 42 0 . 5  3 . 0  

8 e 23 3 . 7 7  . 3 9  . 7 2 . 0 1  
17 . 3 7 8 . 46 3 .  8 2 . 48 1 . 02 . 

8 · 7 9 03 6 . 33 3 . 66 

5 5 . 70 2 5 .  9 9 , 70 5 . 6  2.98 
7 1 . 0  3 0 . 7  _ 9 . 8  _3 . 0  . 8 . 4  

) 
0 . 1 8  

o 27 

. 39 
2 . 56 

. 06 

. 2 8  

e 8 
. 43 

. 7 5 

. 99 

3 .  3 

2 . 2 3 

2 . 84 

1 5 . 7  

. 5 2 

3 . 60 
3 .. 2 2  

2 . _ 4 

0 
1 . 1 5 
1 . 55 

- . 0 1  
. 4 2  

2 . 3 2 

2 . 2 8  

4 . 37 

0 . 08 

. o  

'7 
- "-' . 

1 . 2 9 
l .  97 

1 5 . 3  

. 3 3 

::.o 

in .. 

&f l 8 

., 8 3  

o 03 
� 26 

c. .L D 

" 9 

. 84 

. 2 2 

2 � 06 

2 . 6 5  
3 � 4  

. 4:3 

l , 89 
1 . 96 

l l  . ::.  

- ., 02 
1 . 05 

L 4_ 
- o 02 "  

. 3 2 

2 . 1 8  

3 . _ 8 

13 

ine 

- . 01 

0 �.3 
- � 17 

. 54 

. o. _  

. 2 1  
� ,  o 0 .1.. 

� 06 
. 0 7  
. 6 9  
. 6 4  

. 96 
.. 6 8  

2 . 08 

1 . 3 5  

. 3 8 

. 8 0 

L 5 8 
1 . 6 4  
9 . 0 

- • 2 
.. s4 

_ . 07 
- . 06 

. 2 6  

. 91 
l e 76 

2 . 58 

14 

in. 

- . 03 

. 02 

- . 34 
. 3  . oo 

09 
. 23 

- . 0..: 
- . 03 

3 9  
. 3 5  

. 48 

� 95 
1 . 06 
'( . 01 

. 23 

. 58 

. 9 8  

1 . 06 
6 . 2 

- o 3 _  
. 46 . 42 - .09 
. 1 2  

• 56 
_ . 08 

1 . 57 

... 5 

in (I 

- . o  
. o_ 

- . 46 

� 0 5 

- . 03 
. 02 

- . 12 - .06 _4 
. o::.. 

- . o  

04 
. 2 _ 
. 04 

2 . 59 

. 02 
' 7  

. 30 

. 42 
3 . 2  

- . 49 
. 04 

- . 30 

- .. 1 8  
- . 04 

. _6 

. 2 9  

. 36 



Tab l e 6 • - - Los s of head thr ough sand and grave l in mo d e _  s t  dy o f  f ow of and into we l l  

(Lo ss 
S i z e  Ve lo c ity 

Grave l Sand in s and 
i n .  S cr e.:...e.:....n�N-o-.� -f""""t,....-J"""'s-c_c_ 

1/4 

1/2 -

1/16 

/8 

1/8 

1/4 

/4 

1/2 

20-30 

14- 2 0  

40- 6 0  

30-40 

30-40 

20- 30 

20-30 

14- 20 

o . o1 s s  
. 037 3 

. 0744 

. 1 1 9  
� 1 49 

. 03 7 8  

. 0 7 3 3  
1 4 8  

. 148 

c 0 _ 9 9  

. 07 92 

. 03 83 

. 07 6 4  

. 1 5 2  

. 0380 

. 07 6 4  

. _ 52 

. 0373 
e 0744 
. 1 50 

. 03 7 3  

. 0744 

. 1 50 

. 0378 

. 073 8 

. 1 49 

for var i ous combi nati ons of s c reen, s an d  and rave l .  ( C ont:nued ) 
of  head meas ur e d  b etwe en p i e z omet e indicuted and :.Ji e zor:to J-::er No . 1 ( � ee f if?_u::-. ....:e_!.)_;_o __ _________ _ 

Sand P i e zorr.e t er N��ber 
Loved 2 3 4 5 6 7 8 
grams i n .  in.  in.  i n .  in� ino i n o  

2 e4 

4 . 0  
1 4 � 2 
3 0 . 0  
55 � 0  

. 8  

3 . 4  

6 . 3 

- 6 o 5  

1 . 9  

2 . 5  

4 . 5  

8 . 2  

1 4  .. 5 

4. 1 

8 � 4  
1 5 . 7  

4 � 6  
2 2 . 3  

. 6 6 � 6 

4 . 5  
1 4 . 3  
6 5 � 9  

1 � 6  
5 o 5  

10 . 7  

7 , 30 

3 . 9  
6 1 . 7  

9 5 . 8 
_l8 o 4  

14 . 30 

29 o 3 1  
50 o 3 
57 o0 

7 5 . 3  
3 00 . 5  

7 0 � 3  
1 1 6 � 9  
25 4 . 7 

53 ., 9  
1 2 6 o 2  

2 59 . 7  

3 l .  53 
46 . 8  

_ 16 . 7  

3 0 . 46 

4 8 . 8 

1 1 7 . 1  
10 o 7 1 
2 2  .. 2 7  

4 9 . 1  

T yp e  B - e  
10 . 4 5  
20 , 00 
38 ... 1 8  

57 . 9 1 
6 6 , 2  

8 . 8 5 
1 8 c 6 5  
30 . 1 5  
36 4 72 

s creen wi th 3/_6 - inc h perfo ra ti ons 
5 .01  2 . 01 l o 2 5  0 . 36 
9 . 6 9  

1 9 . 59 

2 8 . 6 9  
41 ., 4  

4 . 54 
9 . �G 

_4 . 6 3  
1 9  ,, 5 2  

4 . 1  
9 . 9 7 

3 . 10 
2 2 ., 2  

2 , _ 6 

4 . 57 

6 . 7 7  

0 . 8 8 

2 . 51 
7 . 1 5  

8 . 46 
5 , 4 

l o 62 
3 e l0 
4 e ( 6  
8 . 27 

. 57 

3 o 2 4  
4 . 6 6 

_o ., 

1 . 00 

_ . 37 

2 . 4 _ 

5 o 44 

Typo D-a s creen w:i. th . /16 - inch per forati ons 

_73 , 5  
42 , 37 
6 1 . 5  
5 8 . 7  

Ty e D -b 
2 8 , 67 
74 , 0 

1 50 , 2  

19 s97  
2 6  7 
7 3 . 1  

T ype D - e  
9 . 0 5 

28 . 7 5 
6 9 . 6 

6 . 3 5  

1 3 e 2 5 

2 9 . 6 6  

2 2 . 3 6 _2 . 16 9 � 29  6 . 26 

9 1 . 5  
23 , 57 

3 3 . 5  
7 2 . 3  

53 ., 6  
13 . 58 
17 o 7 

51 . 1  

10 ., 2 9  

1 3  50 
4 1 � 8 

33 6 

6 .. 6 1  
9 ., 0 8  

3 2  .. 6 

s c�een wi th 1/8- · nch per fo rat:l. on 
13 o 7 8  6 . 91 5 . 22 3 . 2 2  

41 c 1  2 2 . 4_ _6. 8_ 1 o 26 
7 . 52 3 2 . 4  2 1 . 1  

10 e30 5 . _ 1 3 �6 9 2 u l.. 
1 2 . 8 6 6 . 20 4 o 43 2 . 6 8 

3 8 . 7  ' 7 . 7 0 . 9  6 o 6 

s c::-een with 3/_6 - inch pe:::-fo ation 
9 . 59 4 . 3 5  2 . 6 9  - � 26 

14 . 60 7 .47 5 . 32 3 . 2 6 

3 8 . 7  2 9 . 4  1 1 : 4  10 . 6 2  

3 . 0 1 1 . 3 0 8 6  . 46 

6 . 6 4  3 . 44 2 . 6 1 . 80 

14 . 6 4 6 . 86 4 . 90 2 . 56 

0 . _5 
. t::.7 

G46 

3 . 16 

6 o 2  

o 45 

o 6 2  
0 :. 2  

3 . 17 

2 . 94 

2 4 . 0  
3 . 08 
5 . 41 

23 . 1  

. 5 5 
6 . 6 8  

1 2 . 8  

. 7 3 

1 . 56 

4 . 6  

. 41 
1 . 23 
7 .. 2 2  

. 0 9  

1 . _ 6 

_ . 2 9 

9 

3 . 45 

. 24 

. 46 

12 . 9 6  
1 . 48 

3 ., 6 5  

_, 3 . 9 

06 
3 .. 32 

9 ,. 3 0 

.. 2 6  

_ . 1 7 

1 . 1 4 
4 . 06 

. 04 

. 3 6 

10 13 4 1 5  
------.------�------�----ln. ino  in o in �  

o .  4 
., 30 

1 u C3 
2 . 0() 
3 ., 3 2  

2 . 27 
1 2 � 45 

1 . !::.7 
3 ., 56 

L ., 5  

.,03 
3 . o�� 
8 3 84 

., 2 7  
1 - 0'7 

4 , 0  

. 36 

. 14 
3 . 7 3  

c O.C:: 
� 3 4 

1 2 6  

) :  0 
. 2 1  
,, 83 

t:; ••  :.· <- 1  
2 o .S 5  

& 03 
, 17 
.. 83 

2 6  

l o 8 7 
0 .. 44 
_ . 25 
2 . 97 

<' 8 2 
2 e 43 
7 n06 

... 20 

. 89 
3 ., 2 6 

. 28 

. 9 5 

3 . 03 
.. C 2  
.,30 

1 c 06 

0 . 05 
� -0 
a 53 

� 8 8 

- � 6 1 
- � Ol 

. 08 
• 5 8  

.oo 

1 . _2 

6 (,1 33 
82 

o 9 7  
6 .. 7 3  

L 41 

(:, . 51 
� 03 

• 56 
2 . 35  

• 6 
.. 6 2  

2 . 10 
- .. 02 

. 21 

. 6 6  

- • 4 
- .06 

.,05  
. :;, 2  

� 
e \,; __ 

- .07 
- . ot::. 

. :.. 8 
- o 3 9  

o 2 7 

1 o 93 
., 3 2  
� 86 

3 .. 8 

., 06 
. (:0 

l o 6 9  
- . 10 

. 16 
1 . 06 

- .02 
., 27  
. 83 

- . 06 
. 06 

. 2 5  



I I head lo s s o::; mea sure d i n  the grave l enve l o pe who r e  the los s e s  a J'El mal l .  

. . I S i no e s ome o f  the los s e s a re negative ,  tho rra nomo t er readi n gs at the s e pie .z-

ometers vvere le s s  tho.n the re9.d in � for thEl pi e z omc �:;er (N o .  1 )  i n  the chamber 

a.t tho end of t�e p la s ti c  tub e .  I t  vra s though t that thi s . · ght b o  duo to 

the fa c t  that the ve oci ty in t:1e gra v e l  wa s hi ghe r than the. t i n  tho chamb er . 

S i nce the vel o c i ty wa s h i gh e r, the pr e s sure wo uld ha ve to be .. ov;er .  H ow-

e ver, c ompu ta i o n  o f  the change in v e l o ci t !tead fo
.
r the change in V"elo c i  t 

at th e ve ry l ow ve l o c i t� e s  involved$ h owe that the di fferen c e s  in hea d du0 
I · 1 to t 1i s  fa cto1· 1i/e r e  to o s m0. l l  to ac c o ua· fo r t h e  n-.J ga·(:;i ve readi ngs . 

I 

I I I 

These  ne gat�- ve r e9. C.ings ca�mot b e  C. i. s mi s s o a  a s  er ror s in roo.dinr; boca'.lSO 
there i s  a progr o s s l  ve ch3.ngc in the !1eB. d  lo s s e s through the grs.ve l fJ' om the 

inter fa.c c  to the v.•e l l  s cr een even ynen the ne gative r ea dings o c c  ·r . The mos -t� 

plaus i bJ. e  e:xpla�ati on fo r t he nega ti ve l o s s e s i s  tha t the hea d  i n di cated by 

Pie zometer No .. 1 wa s too hi r;:1 at t:1o i ns te.1:t the c lamp wa s appli e ·t;o the 

tubes . Thi s  c o ul c  he.ppen bece.use  tb..i s  pi 6 z omete r wou ld � e  . ore a c ti vo than 

the one s in the sand and grave l whe re sanO. pa r ti c l e s  wou l d tond to c lo g  the 

s c r een in the pi e z o:ne ter openi ngs . 

Mos t of the ne gati vo l o s s e s  ar e le s s  than 0 . 1 inch , bu .. i n  . fe-,·-i tests 

they are !1 i gh e r .  The rra gni tucie o f  t h e  ne ga.ti ve lo s s e s  i s  pr o ab ly s ono 

i ndication o f  th e ac cu1·o.cy of' tl1e head mea s ur eme n ts of th e pi e zometer s � 

flo rever, it  ce.imot be e. s s ume d that th o ncgati ve ree. di ngs are cau s e d  enti rely 

by the  fai lure of the pi e z ome t e 1·s to i ndi ca te tho he-:td cor r e c t l �,'· The s e  

readings are pr obabl�r the r e s u l t  o f  the cumula t i ve e ffe c t  o f  e.ri ous fac to>:' • 

The inte r fac e o e twe en the s and and grave l vra s norr:1ally at Pi e z ome ter 

l o .  8, but s ome deviati on fr om thi s  locati on o ccurre d b e cause it ras no t 

pos s i b l e  to t e l l exactly whe re the i nterfa c e  wou l d  c o me a fte r th e s and and 
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gra.ve l c olumn had been c; ompo. c t o  • 1\s is sh o·wn b th e table s nea rly 11 the 

l o s s o ccurr e d  be ween the upp o 1· on.d of t 1 e  c o lum...'1., P i e z ome te r Fo . 2 and 

pi �. ometer N o . 8, at th e in.terf8. c e .  The cn.s on t :;�. t  the di f fe r ence i n  l o s s es 

a.t Pi e z ome ter N o .  5, 6, 7 an d 8 i s  sma ll  i s  the. t the di s tance bc t,."Jeen the s e  

pi e z o meters i s  only a f ra c ti on o f  an i nch o Fo:c P i e zome ters N o . 9, 10, 13 

1 4  a n d  1 5  the lo s s e s  are smal l ,  beccms c the s e  pi o z omet !:H·s mea sure t he l o s s  

through the gra vel . The data i ndi c ate that the l o s s through th e gravel 

i nc rea s e d  whe n a lar ge q uanti ty o:' sand vm s wo. s h o cl  into it but s i r.ce the 

ve lo ci ty r1a s a l s o  hi gher when thi s oc cm•red i t  i s  not evident ho'.'f much of 

the i nc re a s e  wa s duo to each caus e .  

For the t e f:  ts o n  ea ch c ombi nati on o f  s cre en, s a n d  an d gm.ve l , the total 

l o s s  thr ough the s an d  an d gra el inc rea s e s  wi ·vh tl:c ve l o ci ty . According to 

Da rcy ' s law tho l o s s o s  should increa s e  i .n di re c.t propor ti on t o  the i ncrease 

in ve l o c i  t • S i nce the tes b s  ·ner e  a r ra.nge d s o  tha t each s ucc ee i ng ve l o ci ty 

wa s d oub le the pre c ee ding one, the tota.l head l o s s e s  s h o ul d  a l s o  d oub l e o  

A th ough thi s  i s  a p  roxi rr_a tc y .true fo r s o :-:1e o f  the tes ·i:;s ther e ar e many 

exc epti ons . The deviati ons ar e p:- obably caus e d  by the chanGes that o c cur red 

i n  the san and grave l . S i nce th e vel oci ty o f  the vm te r .a.us es a rearran6e

ment of the san d par ti c l es and i nce the rnagn.i tude of the change s i nc r e ases 

vd. th the vel o c i  'cy, the hea. lo s s e s  may va ry con s i dera tely. Furthermore, the 

amount o f  s and move d a l s o  a ffe c ts the lo s s e '· a nd their di s tri buti on i n  tho 

sand and grave l c o l umn . For th i s  r ea s o n  much great er va riati on i s  to b e  

expe c t e d  i n  the lo s s es ia s h or t  le ng-t:;hs o f  t h e  sand and g1·ave l co J. umn . This 

is clear ly hown b y  the i ndi ca tE'd l o s s e s  in th e table fro m  Pi e zo:�1et er E o .  5 

to No . 1 5 .  I n  £6ner n l ,  the l os s e s increas e with tho ve l o c i t y, but the r e  are 

s ome exc e pti ons . 



VJh ore chc c c  \.t::: s ts we re , ta o ,  i n  c a s e s  \/h ero pi ping v;?.s o s e rve d  or 

whe re excc s s i  ve a:i. r  a c cumulati on o c c·.1rr e d  i n  tho plas ic tu e ,  vri clo di f-

ferenco s in the lo s s � s  we r e  fo un This i s  due to th e fac t  tha t  th er e  i s  

prac ti cn.ll'  o res5.G t�mco to tl1e florr vrhon pi pin g o c cur s , wh e re a s  tho re s i s -

ta.nce :i. s  i nc rea s e  :hen a i r  i s  trappe d i n  tho S:".n and g1·av·o1 .  

As s h ould be oxp ectad, tho s i z e o f  tto sar..J pa r ti c l e s  wa s tho mos t  

s i gni fi cant fa ctor in de·ccrminine; the head l o s s . The s i z e o f  tl:e gravel 

also ha d s o me eff e c t  but s i nc e  the l o s s through the grave l is sma l l  it '·' a s  

overshad orTc d b tho l o s s thr ough the "' a nc. . Tho vre l l  s cre en pr o nb ly ha 

s ome e ffe c t , a lth ou · '1 th is is not c l ca r J.y evi dent fr om the t e s ts .  H ov:evcr, 

sine �  i t  ha s been shown in r evi o us Progr e s s  Repo rts * that ther e  ar o limiting 

a. lues for th e pcr c en age of openi ngs in s cr e ens , beyond l'.rh i ch th e los s 

renuins cons tant ,  no defini to trencl in t:1e lo s s e s  houlcl b e  ex e c tecl from 

thes e te s ts o 

Thes e  hea d l o s s s tudi.e s were inc i dental to the i n  purpos e o f  th e 

tes t s ,  whi ch v1a s to inve s Ji ge.t e  the flow o f  s and into we l l s .  For t h i s  r ea s on 

the l o s s es we re b a s e d  on s ing l e  rea.din s of the manomot e1· s .  Be caus o o f  tho 

fact that the head i n  the m9.nometcr s fl uctu r  tes an d further, becaus e there 

is a gra :lual che.nge in the hea d due to the r e a r rangement of the par ti c l <:o 

i n  the and and gra e l  during the tes t ,  a s ingle reading o f  tho ms.nor..eto r 

i s  not a lways i ndi cative of the tr ue hoa cl at th e po int where the pi c wmctel' 

is  l ocat e d .  Much b e tt e r  re s ul ts would be obt a i ne d  i f  th e l o s s e s  we re a s od 

on the average o f  s everal re a dings . 

* H ydraulic Prop erti ez o f  We l l  S cr e ens , by Gi lb e r t  Lee Cor ey, J r . ,  Gra dua vo 

Thes i s , Color a do A an ll C o l le ge ,  1 949 . 

Effect o f  We l l  S c r e ens on Flow i�to Wel l s ,  by Jack S .  Peter s en, C a r l  Rohwer ,  
o.nd M .  1 .  1\lber tn on .  npub li she d pe.por, 19 5 2 .  
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21 .. 
DEVELOP1:IE ·!T OF NATt.r.:'v\1 GRA. VEL SNVEIDPE BY S U.R'JIHG 

Y'lhenevcr th o w·".t e r boari!'l ::'orJv.flti on i s  made up of Te l l  grac.�e mat rial 

o f  a v1i dc ranr.e of s i z e s  i t  s h o u ld be pos s i ble to form a na u.ra gra. el e;nve

lope around the we l l  s creen b devt> l o i ng the forrrn. ti on. After the v al l  has 

been c ove lopo by s urging, pumping o r  ot. o T  means , on y th e oars e s t  rr.o.te rial 

shou d remain around the wel l  s c re e n  and as the di s tanc e from t!w s cr een 

i ncrea s e s , the coarsene s s  of the matc1· l a l  o u l d  d e c r ea s e ,  thus formin g a 

natura l  gra ve l  en.ve ope . The effecti vene s s  o f  thi s type o f  grave 1 enve l ope 

i s de te rmi ned by how sati s fac·cory i '\::; i s  i n  control l ing the flow o f  s and an 

in r educ ing the los s of he ad. I n  the exp e r i me nts r epo t·te d here only the 

effect on the l o s s  o f  hea d wa s s tudied.  The amount o f  sand i\TB. shed o u t  o f  

the formati on v:a s meas ur e d  beoe..u s e  i t  na s thong;:1t that i t  would be a mea c ure 

of the e ffecti vene s s  of the deve lo pment of tho fom.a ti on. 

l1 ethod of Conduc t5.n g T e s ts to For 1 Ne..tural Gravel Enve l o pes 

The ori gi na l p lan for conduc ti ng the te s ts t o  form a natura l g�ave l 

envelope by s ur gi n g  v1.ra s to put the wate r bea r i n g  mat e r i a l  anc wel l s creen 

in tho moclo previo u s l y  us e cl  and then to develop th o fo rrr.a i o n  by s urging 

wi th a s urge blocK.  Thi s plan ha d to be abandoned becau s e  it was n o t  po s s i b l e  

to move the sur ge blo ck fa s t  enough to d o  a n  e f fe c ti ve j ob o f  deve lopi ng the 

formati on and furthe rmore a s  the fj n0 material vva s r movo d f1·om the san the 

formation . ettle d avJay from the top o f  the tube . When thi s  oc curro , tho 

hea d l o s s e s  e re n o  longe r  s i gni fi cant bee ,us c the wate r  f) owed o-.:rer the 

sand rather th rm through i t .  

1Nhi l e  these pr e l irni.nary te s ts were i n  pr ogre s s  i t  1a s d i s c overe that 

s urging by a t ernato ly star ting and s t oppi n g  the f l o •1 through the mod e l  \'l8. S 
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!flUCh Ol'O effecti.vo than the "' Ul' ge blo ck. A qui c .  -o eni n g  s pring a lve in 

tho outlet fr om th e mod e l  as fo und to pr o u t' c e  the qui ck s urge s 1 n the flow 

noc e s s e.r to devel op the formation. 

I n  view o f  the fact that t 1e e fecti vem: s s  o f  the urgi ng c ould not be 

rnea sured wh en the mo el wa s )_n tho hori zontal pos i ti o n  owi ng to th e " ettlc 

ment o f  the formati o n  i n  the o e l ,  i t  v:a s de ci ded the.t tho s tudy would hav 

to be con uctod wi th the mod e l  in the erti cal pos i ti o:J. .  Wi th the mo el in 

thi s posit i on the1·e \'Jo u l d  be no tendency for the sand t o  s e tt l e  away fr om 

the wo.l l s of the mod e l .  The vJhoJ. e c o l umn Fou ld move dovmv1a. rd a s  the fine 
s and was remove d by s ur g i n g. N o  doubt the fi ne par t i c l e s  vrou l d  wash out o f  

the forma t i on m o r e  free ly v r  1o n m o  ing; ver·'�i ca l l y  dovmwa rd wi th th e he l p of 

gravity than w . .  en movi ng h o r i  zont!l l ly under tho i nfluenc e o f  t h e  s urgi ng 

acti on a l o n o .  '-Ioweve r ,  the sur ging a c · i o n  i · "' O  much more · gorous than the 

acti on of gravity, e s pe c i al l y  s i nce the wei ght of tne s an pa.r t� c l e s  i s  

r educ e d  by th e buoyant e ffe ct o f  the wat e r, that the e ffe ct o f  gravity i s  

r e la t i  ve l r s Jr.a l l .  Fur the rmore, the pu.r pos e o f  th i s  s tudy was t o  determine 

whe ther a sat i s fa c tory natura l grave l en e l o pe cou ld be forme d around the 

s c reen by deve loping the we l l .  The fe.ct  that th e natur a l  grave l enve l o p e  

might b e  forme d mor e qui ckly i n  tl:e verti ca l po s i t ion i s  no t e. fa c to r i n  

the pr oolem. 

A pla s tic t ub e  2 5  inch es in lengtn wa s us e d  for the s e  t e s t s . (See 

fi gu1· e 1 6 . ) A genera. view of the e qui pment i s  shor;n in fi gur e 1 '7 .  The 

other part� of the equii_ me�t wer e the same as before exc ep t fo r the qui ck� 

opening spri nt; va lve !h i ch ·wa s s cr e·no :i. nto th e bo ttom ple. t e .  Water for th a 

experiments was drawn from a t�n :: ab o ut 20 feet above th o mod0l . An attempt 

\·:a s Ir.a cle to us e wa tor fr om tho c i ty s upply at full pre s s ure but th i s  did not 

Provo feo. siblo becaus e the wa te r" hammer blew the tubes off the pi e zometer 

c onnocti ons o 
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Fi gure 17 . Arran gement o f  e qui pment for 
model s tudy of formati o n  of na tural gravel 
envelope by surgi ng. 
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S cree ns o f  four di fferent t' o:> w0ro s e  in t ! o te s ts but only ono 

5an • Th is an he. tho char::tctori s ti c s s h own i n  fi gur e 4o (S e e  curve 

r..a.r e' gra de d s a n  • ) I t  • .? s f o!".LG < b a di ng s even1.l s :i. ?- e s  o f  grave l to a 

graded s ane • 

The l o � s  o f  hea' th rouc 1 the forrr.:::.:�i on wa s  d otenni ne d  before and e. fter 

surgin g for tvro di ffe1·ei1t di s oh a r gc s  for each c r een t e s ted. The hea ds at 
t!1e pi ez ome t e r  conr..e cti o ns v:e re re ad on tho m�,no:r!1e te r·  board i n  th e s ame 

. a.nner as b e fore an tho t e chni que :i.n pla c :i ng th o san and i n  mea sur ing the 

d i s charge we. s the s ar:10 a s  tha·� u:> o pr evi ous l y .  

In me. ing a te s t  the va lve s in th e i n l et and outl e t  pipes wer e  arljus to 

unti l the d e s ir e d quanti t y  v1as flov:i n g  t r ough th e rno:l.el a s  i ndi cate d b th o 

h ead on the Ol' i fi c o  i n  th e di s chaq �e tan:::. Wh en the fl o1.Y had b e en a d j us t e d  

and 30 minutes a fter t:1e wat e r  ha d b oe n  tur nc cl on, the hoa.ds at tho var i o us 

pi e z ome t er com o o ti ons vrc re re a • The wa ter v1as ther. shut o ff a t  the outlet; 

val e and s ur gi ng s tar ted . S ur ging c on s i s te d  of opening o.n d c l o s i n g  the 

qui ck acti11 s pri n g  val e 100 time s fo r each te s t .  S i n c e  it was d e s i ra'ble 

to d etermi ne whe th er fur ther s urgi ng wou d con ti nue to i mpro-ve the gravel 

en e o p e ,  the tr eatment wa s re peate d s evere. l ti ;r.e s at the lm·re r di s charg0 

rate . At th e end of e a ch s eri e s of s ur ge s the outle t va lve wa s a gain o pcne 

o.·1u the f l ow a dj us te d  to the de s ire quanti ty. As s o on a s  the flow vra s 

adjus te d  the hea ds wer e  r ead . After 1 5  to 20 minute s tho i n:i. t i a l  readings 

for tho next s er i e s  ' 10 1' 0  ta ken . At the en of the s e r i es of t e s t s  th e "' an 

v�a s hed out of the for rrD. •.; i o n  ·yJa. s co loctod, d. i c d  and wei ghe • '!'he r ec ords 

of the t e s t s  were kept on the fol" !nS us ed fo r the s tudy o f  the f l ow of s an d  

i nt o vw l ls . 



Re �ml ts o f  T es ts on Ne.tura l Gre.ve l Envelope s 

Ac cor ing to Bennis on .' , any v1e.t er -bearing forma t i on havi n an e f fe c ti ve 

s i z e  greater than 0 . 01 i n ch an ·a u�1.i fo rmity coeffi c ie nt gr eater than 2 ,  

does not requi r e  a gravel envel ope t o  deve l o p the ful l  c apacity o f  the for-

mati on. I f  a s c re en wit h  the pr ope 1• s i ze o f  opening i s  us ed s uch a formati on 

v1i l l  pro duce a n o.tura l grave l enve l ope i f  the we l l  is deve loped pr oper ly. 

The ma terie, l  us ed for the wa ter bear i n g  f ormat i on in the model study 

o f  the deve lopme nt o f  a natural grave l e nve lope il.ad an e ffe c ti ve s i z e  of 

0. 02 i nc 1 a:J.d a uni for mity c o e ffi c i ent o f  2 . 4, whi ch i s  within the limit s 

r e c ommende d by B e nni s o n .  A la r ge r  si ze o f  s cre en o peni ng than wo u l d  norma l ly 

be a dopted for an i r riga·cion we l l  i n  th i s  fonna t i o n  v1a s us ed i n  the model 

s tudy becau s e  the pr e li �i nary t e s t s  s howe d  that lar ge openings were neces sary. 

B e ca us e  tl! e s u r gi ng ac ti on in th e mo del was no t as vi o l ent a 1>  th at which 

vrould be p ro duce d i n  a ·  full-s i z e ·we l l ,  la r ge openings had to b e used in o rder 

to wa sh suffi ci ent E ne mate ri a l out of the fo rma ti on to produc e th e desired 

results. Th e te s t s indi cat e howeve r ,  that the s urgi ne.; acti on vras not a s  

s tro ng a s  s h ould have b e e n  u s e  • 

The r e s u l t s  o f  th i s  s tu dy are s et forth i n  ta b l e  7 .  Th e head lo s s es 

wh i ch vJer e mea s ur e d  betwee n  the po i nt s i ndicat e d  by th e pi e z ome te r  number s 

on th e le ft s i d e  o f  the tab l e  o.nd the chamber i n  the tube at th e bo ttom of 

the s an d  c o lumn ( s e e  fi gur e 16 ) a r e  sh own in the table i n  th e co lum.'l. oppo s i te 

the i ndi cated pi e z ome t e r . The los s e s b e fo re and afte r sur ging; ar e sh o�1 in 

a djoini ng c o l umns . A l l  t h e  losses a r e  i n  i nche s o f  wa ter . 

* G ro und V[ater, i t s Deve l o pment, ·us e s  and C onservati on b ;;r E .  w .  Benni s on, 
Edwa rd E . J o hnso n, I nc . ,  Saint Pau l ,  11:ii nnesota, 1 9 4 7  ( s e e  pa ge 2 57 ) .  
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Pie z 
No . 

D i s t - * 
ance 

Tab l e  7 e - - S unur.ary o f" re s ults o f" te s ts f'o r  deve l o p ing o. no.tur o. l  ,re.vo 
enve l o p e  in a. we l l  by s • . ging� s '  m· ing head lo s s e s  b e fore and after 

s ur g.:.ng e.n d amount of sand. 'Jashed out o f  f ornm.ti on .. 

D i s charge 2 � 57 gpm 
irst S ur ge S e c ond S urge Third S ur ge 

�os s  o f  Head# Lo s s  of Hea�f Los s of Head¥, 
Before After B e fore After Be fore ---::.f"f� 

D i s charge 5 . 14 gpm 
Sand F' . rst S urge Sand 

1\fo. sh e Lo s of Hee.c.;fi: Wa she 
Out B efore A::'ter Ot:·'.:; 

------�I�l-1C�h�--�I�n-_c�h------�I�n-c.7h----�I-n-c�h- -----�I n�ch,---�I�nch I nch Gra-rns-.,------=r-n-ch- I nc:C.. 1! .caml:: 

2 
3 
4 
5 
6 
7 
8 
9 

_ o 
1 
1 2  

2 
3 

4 
5 
6 

7 
· 8  

9 
0 

_ l  
1 2  

0 
4 . 5 
5 . 9 8  
(;) . 75 
7 . 2 5 
7 . 50 
7 . 6 8  
7 . 87 
8 . 06 
8 . 2 5 .  
8 . 50 

0 
4 . 5 
5 . 9.8 
6 . 7 5 
7 . 2 5  
7 . 50 
7 . 6 8 
7 . 87 

8 . 06 
8 . 2 5  
8 . 50 

53 . 57 
2 S . 2 5  
__ 3 . 1 8 

7 . 46 
4 . 5 2  
3 . 3 5 

. 76 

. 1 0 
• 07 

- . 05 

4 8 . 44 

20 . 9S 
9 , 97 
4 . 0  
l o SS 

. 6 3  
� 24 
a OO 

- . 03 

- . 0 5  

4:S. _ 5  
1 9 . 12 

9 . 75 

5 �.7 1 
2 . 9  
2 . 43 
1 .  2 8  

� 03 
. o  _ 

- • ". 5  

44 . 00 
1 9 . 2 8  

9 . 5 1 
4� SO 
_ . 6 8  

� 6 5 
. 3 9  
. 07 

- . 03 

- . 01: 

Type s creen wit _ l/8 - inch p e r  fora ti ons 

45 .. 4 8  
9 o 07 
s. .  7 5  
5 . 6 8  
2 96 
2 . 53 1 33 

. 99 

. 06 
- . _ 2 

1'ype C 
4:4- 38 

19 . 06 
9 . 2 8 
4 . 3 4 
_ . 6 5  

. 56 

. 3 5  

. o  
- . 06 

- . 08 

44 , 0 9  44 .. 64 43 . 8 2 24 . 4  

18 . 45 8 . 3 4 
9 40 9 . 2 6 

5 . 5 8 5 . 53 

2 . 90 2 . 8 5 
2 . 5 5 2 . 52 
_ o 6 7 o 6 5  

. 2 5 . 2 2 

. 1 1  . 05 
- . 03 - . 06 

_ 8 . _ 3 

9 . 2 8  

5 . 44 
2 . 97 
2 . 6 8 

. 73 

. 2  

. oo 
- . 07 

s c r e en 
43 . 3 _  

ith 0 . 100-i c s ot 

1 8 . 3 5  
8 o 7 2 
3 . 59 
1 . 48 

. 6 5  

e 43 

. Oi.  
- . 04 

- . 05 

44 . 36 42 . 8 5 
1 8 � 52 1 8 . 00 

8 . 74 8 . 26 
3 . 6 0 3 . 50 
L 13 1 . 43 

e 6 l o 57 
. 42 

- . 04 
- . 09 

- . 09 

. 3 4  
- . 03 
- • _ o 

- • 0 

27 . •  6 

* P i e z omete r readi ngs m'lde wi th mercury ma ometer . 

_ 52 . 5 * 
8 7 .  �' 
43 . 6 5  
2 9 o 57 

20 . 36 
13 . 15 

5 .. 87 
3 . 86 

3 .  __ o 
� -5 

1 2  • - *  

2 5 . 3 
_ 2 . 94 

5 o 37 
2 . 0  

. 30 

. 03 

. 09 

4,1: Los s through sand mea s ur eC. betwe en pi e z o  .. e ter o.nd wa te r e.t bott om o f  sancl colu..rnn ,  

l34 e  * 
73 . 6 *  

3 0  6 .  _ 

1 8 . 6 _  
::. ·  . 9 8  

6 . 76 

5-. 9 7  

4 2 0  

3 . 0  

, 02 

2 2 ., 74 
_0 ,. 8 9 

3 ., 6 1  
_ ., 2 6  

o 40 
. 09 
. 04 
.. 04 
. 04 

5 . 3  

2 �  . 3  
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No . 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
_ l  
_ 2  

2 
3 
4 
5 
6 
7 

8 
9 

10 
1 1  
1 2  

D i s t - *  
ance 

.Lnch 

0 
4 � 5  
5 . 9 8 
6 ,. 7 5  
7 . 2 5 
7 . 50 
7 � 6 8  

7 . 87 
8 o 06 
8 , 2 5 
8 . 50 

0 
4 . 5  
5 . 9 8  
6 � 7 5 
7 . 25 
7 . 50 

7 . 6 8 
7 . 8 7 
8 � 06 
8 . 2 5  
8 ,. 50 

Table 7 . - - S umna ry of r e s  __ ts of te s ts f or deve o p i n g  a nat ura l grave ( C o nti nued ) 
. enve J. o pe in a we l l  by s urging, s h o ving head lo s s e s before e.nd a fte r 

s ur ging a nd amount o f  s and we. shed o ut o f  f' o rmB. t i o n .  

-------,--· 
·------ ---·---------------· 

D i s cha r ge 2 � 57 gpm D i s charge 5 . 1 4 gpm 
F�.r s t  S ur--ge-----;:S econd.Surg e Thi r d  S urge-·--sa!id - F.i..rst-tiurge ____ S and -
Lo s s  of Hea d#  Lo s s  of HeaC.7';': Lo s s  o f  HeaJ:# ·wa shed Lo s s  o f  Head:!p Washed 

�-e- -A1'f8r B e fore _ __ A..rter- Bef-or e-�Yter- o ut . 'B e:fore .. _ _  A:Cce-i:- o t 
I�•oh Inc-h I nch I nc'7h---:I=-nCii. Inc__ Gx· :3.In-s---=I nch I P..ch G r s.m.s 

50 . 0 9 
2 2 ,. 76 
13 . 28 

8 � 23 
5 . 2 9  
2 � 8 5  

l .  9 5  
l b 6 8  
_ . lG 

- . 07 

45 . 6 1  
1 8 . 8 5 

9 . 3 9  
4 . 49 
1 . 48 

.. 7 7  
. 07 
. 0 2  

- . 0 2  

- . 03 

41 . 87 
1 7 . 0 1  

8 . 5l 
4 . 7 3  
2 . 93 
1 . 6 2  
l Q 53 

1:. 3 2  
, 7 4  

- l o O  

4 2  .. 17 
_ 7 . 6 9  

8 . 8 5 
4 . 04 
l .  7 7  

. 9 1  

. 6 1  

. 0 3  

. 0 2 

+ . 0 2  

Type 
42 o 6 2  
17 . 0'1 

8 � 56 
4 . 8 5 

3 . 0 5  
L 6 6  
L. 6 1  
1 . 1 2 

D s c r e en -.i th. 1/8-i nch e r fo r a t i o ns 

., 7 7 

- . 03 

Tvue F v '· 

42 ,. 7 9  

1 7 ., 3 5  
8 < 6 4  
3 . 8 9 
1 e 6 4  

. 90 

. 46 
- . 06 
- . 06 

- . 06 

42 . 2 8  43 � 03 
1 6 . 9 5 17 � 23 

8 .. 6 1  R "  7 8  
4 ,, 88 5 ,. 0 5  
3 � 1 4 3 ., 3 0  

L 8 9 2 ., 0 9  

L 84 2 ? 00 

1 . 4 6 - . 6 2  
" 7 3 . 86 

- . l l . 00 

� 2 , 6 3 1 3 9 � 9  
17 � 1 5 

8 c. 76 
5 . •  04 
3 ,, 37 
2 o 2 6 
2 "06 
L 6 6 

. 90 

- . 0 5 

s c re e n  with 0 . 1 4 5 - inch o eni n�s 
4L 5 8  A2 . 3 8 4 , 23 .. 8 3 . 5  
16 � 9 4 17 , 07 16 � 6 1  

8 � 02 8 . 1 3 7 . 90 

3 . 6G 
L 56 

. 9 8  

. 3 9 
- . 01 
- . 02 

3 . 6 4  
l .  54 

• 94 
. 50 
. 04 

- . 06 

- . 0 6 

3 . 7 4  
1 . 70 

� 9 -
. 40 
. 00 

- . 0 5  

- . 0 5  

3 l . O* 
7 4 . 0 *  
3 3 , 7 8  

l l. .  7 4  
9 . 01 

4 . 3 5 

3 .. 6 4  
� 2 4 
. 24 

1 2 3 � 2 *  

6 6 , 1 * 
2 5 . 0 5  

1 3 . 6 3  
7 , 04 
3 . 8 5 
2 � 1 5 

. 5 8  

• 5 
- . 04 

1 1 7 ,..' 1 *  
6 7  .. 8 *  
2 5 ., 40 
_,_4'-'44 

8 � 6 3 
6 . 9 1 
4 -J 1 4  
2 . 9 1 

. 07 

. 02 

1 1 7 , 6 *  
6 2 c 2 * 
2 1  .. 4:5 
l l . O l 

5 . 61 
2 � 7 1  
1 . 9 8 

. 82 

. c 2 

_ 2 8  5 

2 0 1 o 4  

* Piezometer rea di ngs mad e  wi th mer cury ma nometer o 

Lo s s  thro ugh s c.nd mea s ured b etween p i e z ome t er and wa ter at b o ttom of sand c o l umn � 
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A was note i n  the te s ts on th o fl o·:; o f  so.nd into v!O l ls ,  negative 

lo� s e s  wOl' C  c s erved for the pi e �omo tors ne a r  th e bot tom o f  the "a n c olmnn 

j u s t  above the wel l s cre en o  S :i. nG e  near ] ' a l l  tho los s e ::: i n  t 1i s  a � ea <> re 

negative theJ mus t b e  ca �.lsod eitherb y  a s '  s u e :a ti c e:..· r o r  i n  the r ea di n s 

or by so mo caua e tha t  ha s no · b e en i d en ..,i fi e d. Fo rtuna tel' th e ne •at i ve 

rea di ngs: ar e a l l  sma l l  and th erefo r e  r o  )S�bly do no t affec·.:; the con c lu s i ons 

whi ch may be dre.wn fr om tho s e  te s ts .  

Since the s ame s an d v:a s us e d  for all the te s ts and the s a me techni que 

v;a. s used in c o mpacti ng the ma torial i n  the mod el , it vm s thought that the 

tote. l  l o s s  t 1roug:h the s an d  co um.'1 befor e s m· gi ng s h ould be c ons tant . How-

ever , the lo s s e s di ffer c o n s i d erably as shown by th e tab l e . Thi s  di ffer ence 

is probab ly du e in part to the fac t  tha t  the mea sur e d  l o s s  i nc ludes the l o s s  

th ro ugh the s c r ee n .  E xpe1· i rr.e nts b y  C o r e  ,;, indi c a te tha t the re i s  a. si gni -

fi cant di fference b e tween t h e  los s e s  thr o ugh the cl i ffe14ent s c r e ens i f  the 

per c enta ge o f  o peni n P· s  i n  a.nJ of the s c r ee ns is l e s s  than 1 5 .  S i nc e t:1e typo 

B and the type D s cr eens f a l l  i n  tha t  cat e go r y, r ee. s o no.b ly cons tant l o s s es 

\\'O Uld probably b e  ob tai n e d  i f  i t  we re pos s i b l e  to e l imi:1ate the e f fe c t  o f  the 

los s e s  through th e s c re ens . 

I n  e very tes t, s ur gi ng wa s effecti i n  r e du c i ng th e hea d los s th rough 

th e "D.nd a nd the we l l  s c reen.  Thi s is shovrn gra.p i c a l l y  in fi gu.re 18,  whi ch 

i s  a p l o t  o f  the l o s s e s  b e fore and e. fter s ur gi ng fot th e t e s ts at the l ov;ei" 

"V"e l o c i t  • Tho gr ea t e s t  r e duc ti on o c cur n c!  j n  the s creens with the m.a. ll e s t  

pe rce�1ta ge o f  o penir-.gs .. I.n int e r e s ti ng fa c t  to b e  note d i n  the s e  t es ts i s  

that a fter sur gi ng e. l l  the los s e s  tenc e d  t o  e. t'proach the s ame va lue except 

* Hydra ul i c  Pr oper tie s of We l l  S c r een s ,  by G i l ber� Lee C o rey, Jr . ,  G ra duate 
The s i s ,  C o l or a do A an I�·I C o l le ge , 194 9. 
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in tho tes t o n  tho t 'PO B .J creon 8.t .n..ximum di s chnrcc.  (Sec tablo 7. ) 
S ince the amount o f  s s.n d wa. s ed o�t du ri nr; thi s  te G t se ems to b o  to o me. l l  

in c ompari son w i  i)< tho o the r s ,  i t  rr.'ly l'o ::.s s me ( Jclm t the c o n  i ti enR v:ere 

not the "'s.mo a s  i n  "Li1 o o h e r tc s ts ,  The s e  te sts sh ow that the s ur gi ng a c ti 11 

wa s mor e  effe c ti v e  foi' the s roens VJi th th 8 sma l ler per c entage of open i n gs .  

A s ugge s t e d  exp lanati on o f  th i s  phenonenon i s  J..,he. t the h i gh e r  ve lociti e s  

thr ough the per fo rati ons i n  the s c reens w i  tll the smaller per centa ge o f  

openi n gs ,  .a do t h e  s ur gi ng " o ro e ffective . I-lo'!over,  mor e  s and Ta s wa shed 

out thr o ug 1  the s c reens w2. th mo re open area but th i s  wa s to be expeoted 

beccl.US O the r e  wn. s mor e  o;_:Jen area for the sand to c ome thr ough .  As a re s u  t 

the vra shi ne; a c t1 o n was di s tribute ove r a lar go ar ea 9.nd c on s e quentl y it di d 

not ta {0 out enou gh of the fi ne me:\:;orial to pr o du c e  the maximum e ffe ct i n  

r e duci ng the l o s s  o f  he a d .  'l'he s e  r e s ul t s  s upport the be l i ef that a mo r e  

vi o l ent s ur gi n g  a c ti on s ho ul d. ha v e  b e e n  d eve l o pe d dur i ng t h e  te s t s .  

Thi s b e lie f i s  given fur the r s u ppor t b y  the fa ct t�at additi ona l sur gi ng 

duri ng the t e s t s  at the l ovre r d i s c i1e. r ge :1e. d l i tt l e  effe c t  i n  r e ciuc ing the 

h ead los s , He.d th e e ffect of additi ona l s ur gi ng d"J.l'i ng the te s t s  o.t th e 

hi ghe r di s char ge b e en i nve s ti ga t.e d, further r e du ction in the head l o s s  wou. d 

probably have re s u l t e d .  The s e  tes ts were n o t  c onsi ere d ne c e s s a rJ a t  the 

time b e cau s e  th o te s t s  at t h e  l o·ae r d i s cha r ge sho·wod that a l l  the i mpro ve

ment oc c·urred duri ng th e fi rs t  pe ri o d  o f  surging. 

A l though it v:a s po s s i b le t o s eo tho s and move dur ing s ur gi ng, a defini t e  

gradati on c o u l d  n o t  b e  o s e rve i n  th e s a nd no9.r the we l l  screen after the 

surging wa s c o mp l e te . •  Appa rontly a much l onge r pe ri o d o f  s u r gi ng would b e  

required be fo re the grudat :on o f  t h e  s and wou l d  become vi s i b l e  t o  the eye. 
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The s e  te s t s  v1ere pr o a 1 too li mite d i n  c o pe t o  ro. rra:1t drawing 

defini te con c lusi ons as to the pos s i bi li y of formi ng; a natura l  grave l enve� 

lope by thi s me tho d  but t h ey do sh ow th at de \'e l opment of the fo rmati on by 

surgin g e du c e s the lo s s of he a d o  

RECOl\1:MENDA'riO:l'TS FOH FUTUHE WORK 

A l tho ugh a la r g e  number o f  tes · s was ma de on 'the fl ow o f  sand into well s ,  

the ana lys i s  o f  tho r e s u lt s s h ows tha t addi t i ona l te s ts wi l l  have t o  b e  made 

befo re defi ni te conc l u si ons ca n be dra;m. The a ri ous c ombi nati ons of s and 

for the v.,rater b ear i ng for mati on, gravel for the grave l enve l ope nd s i z e  o f  

openi ngs for th e s c r ee n, we re mo s t compl e te l y c ove re d f o r  the s c1• eens wi th 

cont inuous s l o ts . f-1.dci.i t i ona l  t e s t s  ·wi l l  ha vo to be rr.ade on tho latti c e an 

the punch e d s creens wi th different s i z es of s an d  an d gravel . A suffi c ient 

range of s i z e s  of pe r fora. ti ons vrs. s te s te d  for the s e  s c reens but the c ombi n  

at:i.ons o f  s and an d gra.vo l v1e r e  to o limite d .  Furtherm.or e ,  the te s ts on a l l  

the s cr e ens sho uld c o ve r  a mo r e  c ompl e te range o f  vel oci t i e s  for the di ffe r ent 

sand and gra ve l  c omb i nati ons . The e ff c t  of u s i n g  gra de d san d s  and grave l s  

should a ls o be s t�di e d .  

In th e s tudy o f  t he los s o f  hea d for the te s ts on the flov1 of s and i nto 

we l l s  and on the development of a natur al gravel enve l o pe, the c e.us e of the 

nege.tive l os s e s i n  the re gi on near the we l l  s c reen s houl d be i nve s ti ge.t e d. .  

The s tudy of t h e  format i o n  o f  a natu ra 1 gra e l  enve lope b y  s ul' gi n g  

should b e c ontinuo • Heans fo r producing a more p ower ful sur gi ng acti on in 

the mode l should b e  d e vi s e d .  A wider ra nge o f  c ondit i ons wi l l  ha ve to b e  

i n ve s ti ga t e d  b e f o r e  it wi l l  be pos s i b l e  to malce defi n i te r e c o mmendati ons a s  

to the condi tion fo r whi ch i t i s  fe a s i ble to u s e  thi s meth o d  f o r  pr o ducing 

a gra ve l  enve l o p e .  
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S ince the pr o c e dure i n  p1· o p  r ing for the t e s ts o.nd i n  conduc ting them 

in prob l ems of th i s  t pe is "V0l'Y i wpor ... ant, at tenti on sh ould be gi -ven to 

deve loping n. t e chni que that wi ll  yi e l d  mo!·e cor�s i s tent re s u l ts . 

S UiVJ:LI\RY 

The r e sults o f  the mo del s tu dy of the fJ. ovr o f  sand i nto we l l s  when using 

E>and and gre.ve l with pa rti e � es o f  uni form s i ze ,  i ndi c a.t o tha t  the rati o of 

' 

th e s i ze o f  ·s ancl in the wat er-bear ing formati on to tho s i z e  of gra ve l  in th 0 

gra e l  enve l ope, deter-mine s ho 'l much mutoria l wi l l  be wEt s ed out of the 

for mati on a t  a. d e fini t e  velo c :i.ty i f  the ve lo c i ty i s  su!:'fi o i ent t o  .�ove t .. he 

sand par ti c l e s o  �lowe re!' , more data wi l l  ho. ve to be obte.ined be fo�· a i t  wi l l  

b e  po s s ibl e t o  f i x  t�e l imi ts o f  t he rati o s  for di ffer ent e lo ci ti e s o  

I f  the openings j_n the s c r e en a r e  lar0e enough t o  pa s s  the san d pa r-

tic le s , and h o l d  back th e grave l of the grave l enve l o p e J  the s i z e  of tb e 

openings h a s  litt le i f  any ef:'e c t  on the amount o f  sand move d o  F o r  the re.ngo 

of c ondi ti ons te s te d t h e  type of s c re en a l s o  ha d li tt l e  effe c t  on the a'mov.nt 

of s an d  move d exc ept at hi gh velo ci ti e s . 

':'he li mi t e d � e s "t;s on he deve lopment o f  a na tural grave e nve l ope y 

s ur ging sho v that t he deve l o  ment pro c e s s  r e duc e s  the head l o s s throu gh th e 

formati on and th e r eduction ' n  head l o s s  i s  gr eate s t  for s c r e ens wi th a sma 1 

pe rc entage o f  o p e n  ng • Thi s  chc'.. r a c teri s ti. c  i s  a t tri but e d  to the fac t  that 

fo r the condi t i ons of the t e s ts ,  the ve l o c i ty ce. u s c cl by the s ur ging v;as 

c onc entra t ed i n  a s ma l l er area wh en the pe r c. entage of ope ni ngs was sma l l ,  

and c ons equentl y the surg:i. n e; a c tion wa s more vi o l ent than fo r the s cr eens 

wi th a lar ge per c enta ge o f  o pe nings . 

A l l  the s tat ements made i n  the s umr,;a ry are tenta t i ve b e cau s e  th e y are 

ba s e d  on e. l imit e d  numb er o f  t e s t s . I t  may be ne ce s s a r y  to change s ome o f  

thom wh en mo re data become avai lable .. 
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