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STtR Fltf COP 
FILTEP.S FOR WATER WELLS AND DRAIN PIPE 

Norman A. Evans1 

Filters for exc],uding sand ·and silt from -vrells or drains have been given 

some limited syste!il.atic study. In general such a filter must meet t-v:o specifica-
..,. 

tions: (1) excl ude sand and s}.lt from entering the well or.drain, and (2) permit 

unrestricted flow of water from the aquifer to the well or drain. If it per~orms 

these fQnctions, a third is automatically met; namely, increased effective radius 
. . 

of the well or drain. The latter function is not under consideration in this 

paper. 

r1uch ground water is -developed from aquifers of uniform fine sands • . Being 
' 

practically cohesionless, these fine materials tend to be carried into a Hell by 

the drag of the water moving into the ·Hell • . As a consequence, the impellers on 

the pUI'lp 1-.ri.ll likely be damaged, and if the sand pumpbg is great , the cavity 

· so formed may cave in, with ulti~ate des t ruction of the well. 

Filters for Hater ivells, Hhich are usually called "gravel ~~-cks'', have been 

in use for a t least 50 years . The rice industry in Arkansas and Kansas is said 

to have ec-.rly adopted t his practi.ce, and the development of rotary and reverse 

circulation rotary drilling has fostered widespr~ad use (1) • . Yet much of the use 

is on a guess ->vork basis as fa~~ as s election of material s to accorr.plish filtration 

is concerned. Some large organizat ions report edly have been able to s et up 

defini ~e criteria for filters through extensive :aooratory investigat ion and 

fie~d observat i on . These cri t eri :J. are, ho1·Jever, largely in the category of 

"trade secrets 11 and are not made ::lVEd.lable to the public,. 

The fil t r aticn ~ro cess ha s 0een ex t.>::r;si vely used in sevJerage and certain 

•t . , ' f -'-h . . cr1. er1a. evo.J.veo c;r 1 .... 1s process . '!\1..: ss cr l teria have not been applied to 

filtration of fine ~and and silt ho~;ev ?r, and the fact that the sewage treab1ent 

1 Asst. Prof. of . Ci··i l Eng.:.ne e 1·i r,~ J a :l·~ J..s <::t . Irrigatic;n Engir:eGr , Coloracio 
A & r-1 College . (!" <..-(..-J -;cz . ._ __ ' Lc . / ._'-. l · Lu~ -~; , u. "~:?~->- ~r , ~~-.:'- ::!.- f, /f-5 
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case is entirely unlik_e_ the case at hand 1.-iill account for this., 

Various efforts to install filters for tile lines where fine san~ or silt is 

encounte_resl h_ave_ been observe~. T11£ pr~ctice of Wl"?PPi?_g _j oi_~~ s 1.-J'i th building 

p§.per gr .!?urlap ~as be:=n ~s~d . B_Eus~,. ~_tra~-r or s:..im_i]:a!':c_org_a!l~c _m_at ter has also 

b~~n _used _9.ro!Jn-;i :the _tile . Cov~;i~g_ j_oint s Hith ~ - -cap_ _o_f !in~ _g:~vel has also 

b~-~-n _Qy_n§ . __ l-io_sj:._ co~·non_ p:rac_t_ice ~:m iyrigated_ lands at present is to const ruct 
--- - .. -.- - -- --- -

an .~nv~}QP? 9f _ fil_t.er _~~ter~a1_ aTo~~~ - yp~ ti~e li~e. ~his envelope is co~~only 
. . . . . . --.. - - -- .... ' . - - - -- -

t_w:_o -.to_ fo.m-_ ipch?_S __ t~ick __ apd_~usually a -pit-r_!.ln material v-rhich is thought to be 
. ---- - .. . ... - -- -· .... -~-- - - -- - -· -

sttite,ble is used. Again, as in the case of "gravel-packs" for vrater 1v-ells, the 

cri t ez:ta __ fo_r. _s~lect_~ng t _!le s_e f il t e:::- rr.aterials are m_ai~ly ___ conv .;:~::..ence and loH cost, 

· :.:-:o :~c_ree~s -_f_C}_r v._at?_r _ -v;_el~ s have been deyeloped to meet .t he need of a filter 

wJ!~c1"!_ _~t.~ t~e __ saE_~ _t_ime __ po_sses_s st:s~e:_tur:_al ;ig~dity. Ofter. screens in combination 
- - - . - -- .- - -- -··-- - - =- - . . 

grade~-, _ _i_t_ :..c_a~ -~e - 1'_d~~elop_e_d11 by _vig()rous sui_'~ing __ ~r _si.miJ:_a:r· I?_roces s to create 

~ natur~l fi_l t er next to _a scr een . The f_ine s are _dr~:-~ 2~~- ne_ar ~he screen 

l_~a~_ing ~ -~~~rs_er _envel _ope 1-uhich acts as a filter. }.Io_•:~y~r_: ~~ the ~quifer is 

quite _un~form, so~e a~t~fi~ial f~~~er _usually is des~rabl~. A-screen can be used 

-- . --- - - -- . --. 

~e~~ Sc~ee~ Inv~stigations 

_: ::_ ;:~-S~~diQs _a_"t_ _Color_~do A & _M (2) have shown that water enters the ~-rell through 
. - - ---- --

sc_reen op~nifl~gs ;;s ra~ial jets _at fat~ly hi gh veloc~t~~s . The energy of t hese 

jets is di~~i.9C!:ted and acceleration i.11parted to the wai?_er in the ax ial _direction. 

~!!~ investigation shortJed that t ile foJ}_oHing relat~ionship _b_et~ee~ ~igr?.-fi cant 

factors cou~~ ~ ~~~ten, 

cosh (CL 
;: 2 

lJ 
--···· 

(CL cosh ·n 

+ 1) 

1) 
------------------------------- (1) 

vlhere t:::. h is the hyd~·aulic head loss through the screen, V is t he average 
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veloci~:t _ i~side the sc:~ee~.., (~/~ ..:here~ is tl:.e well discharg;e and A the cross:. 

~~~ti??a~ area of the screen), D is tne d~amete~ of the screen, L is the axial 

~~~E?th _of th~ _ scr~en, ar.d C is defined as the "screen coefficient." This 

cqefficient was found to be, 

C -~ 11-.31 Cc;Ap -------------------------------------(2) 

i:': ~~~~~ _ Cc ~~ ~1~~ orifice coeffi cient of discr.arge for the screen openings and 

~p ~i~ _ t~~ _ra~~~ _ ~f total area of screen openings to t ot al area of screen. 

= . :'.. _ = ~~~ ~oss coefficient, ~ h in equation (1) approaches a minimum of 2, as 
v2j2g 

the value of C~ ex ceeds about 6. Thus the screen l osses are a minimum for all 
--- -- --· -- D 

CL_ g~ea~.~r thom 6. For a given dia'"!leter screen vdth a certain screen coefficied, u- · -
an in~t_:~~~e in _length beyond this a::10ur:.t Hould r:.ot result in appreciable decreaE:e 

of . screen l osses . A corollary irJerred is that a screen l onger tnan necessarf 
• ·- - -- 0:: - ...... 

~~ac~i~~~ ~ _ 6 is unnecessary, at least from the standpoint of head loss in 

the screen. The fact that flow i11to tl':e screen is mainly in the region vrhere 

CL 6 - - was co!llirmed by :,Jigrny current meter observations in the experimental wells. 1J -- - ---- --- - . 

-~.o--· When gravels of v:u-ious siz_es 'vere placed around screens , it ..:as found that 
~-- --- -

~~ess _t~ey decreased the effective open area in the screen, there was no increase 

. I ' d 1. th . 1 1 d 1.r-~nea oss at e screen. Slnce se ection of a fi ter Hill epend upon the size 

a.d s ize distrib;J.tion of aquifer sar:.ds , the selection of screen would then be 

governed by the size of filter in order t hat the slot openings vJill not permit 
r -- - - - - ---,- -----

the p~~~~~~- o~ f~~~er material; and f urthermore the filter-slot relationship 

~ ould be such as to minimize reduction in effective open area of, the screen. -;----· -
i\s far as the writer lcnorr1s , there have been no published recom:nendat i ons for slot 
i -

-size on this l atter basisa On the basis of exclusion of the filter mate:-ial from _, - -

~he ~;ell , the Corps of Engineers()) reco:nmencts that ~,65 ~filtP.;;>) ~ 1. 
Slot size 

Smith (1) recoruaends that D90 (filter) 
Slot slze 
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Terminology 

An explanation of terminology is necessary at this point. The particle size 
c - ... 

'distribution of a sample of granular material is gene rally presented in the form 
< • 

of a curve having the sieve size as abscissa and the percent by weight of the total 

'sample which passes, or is finer than, the given sieve size as the ordinate. The 

ordinate scale thus runs ·from zero to 100 percent . 
.... - - . -- -- .... , 

If the range in particle 

=-iii~s=- rs riot:.. ~~ry great, it has been fo~ci (1.3) :th~t .the mea,n particie -~diame\~~r is 

;n:e:Z.i;- -t~.e- .saine as the size for Hh{ch::'s<{p~r-c:~nt Ys ;mckl~r.·. This si·~;; · is 
,_, .. .. ~: - l G.E 

written, D$0• 
\.. -· · ... 

For two ·relatively uniform materials, the rat.io of Pso(A) is suffi cient 
· DSoi"BT 

~how the gradation of (A) v-rith respect to_ (B), and ~his is frequently ' done • 
. -- . 

It does not however indicate the uniformity of the materials. Hazen (14) 

determined th_at unifor mity can be expressed as a ratio of the 60 percent size to . . . 
-:- (' .- - . - ~-- .... ..... - 'C' • •• - ~ 

the-io-~~;c~~t ;ize-; D6o • 
-~ ... ( "~-:··e"' . • :-. DlQ 

This ratio is called the coefficient of uniformity, 
~( .. -.. ;. 

Cu· 

. - . - .. ~ - . -... -Experimental Criteria for Filters - ·- _,.. __ -- _ , 

·.The effectiveness of the filter in excluding fi:1e particles is evidently a 

function 

I .f ::a.qu1 er, 
I 
' if aqu er. 
I 

of the gradation or uniformity of the f ilter, the uniformity of the 

and the relationship bet-vreen some characteristic size of .filter and 

. Terzaghi and Peck (4) state that filters must: (1) increase the effective 

diameter of a ;.rell or drain, and (2) hold smaller particles from entering the 
'I 
Jai~n .-- The filter must be fine enough to hoJ.d out the fines of the aquifer, but 

.coarse enough so as not to enter the perlOTations or openings in the drain or 
I 

-well. Experimen't·s .'by Ter~'aghi have shmm t hat foi: .filters to control piping due 
f • •. .: -~, 

-to- seepage under' ;{: dam, the D:i.S should be at least four times as large as the n15 
I . ·. 
size of the coarsest layer in contact v-rith the filter, and not more than four 
I -~ 

times as large as the n85 of the finest ad~oir.ing layer of soil. This can be 

stated, DJ.S (filter) < 4 <.... 
n85 (aqUifer) 

DIS (filter) 
n15 (aquifer ) • 

Figure 1 repre~ent s this 
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criterion. It will be noted that uniformity of eit her f i lter or aquifer is not 

specified in this cri t~rion, al tho 11gh the rela tionship betHeen fines is >·rel l _ 

established. Tnis criterion is ~uite well established for filter drains _in 
(' . -

- .. 
connection wit h dams. 

... - --·- . -
,.. 
~ . 

Bertram (5) made an extensive laboratory study of protect i ve filters using 
- -;,. ,..! -_ • . :::.. : - ~ : ..... -: -..... - -. ·- - \.,~ .· :-

uniform sands and crushed quartz. He f ound stable conditions t o obtain Fhen 
~::: l- ·~_:: tt- ~- --~ ..... - __ . .. c . -.·~ '-. .. ~- t.: c~::- ~:. =.. -~~-~-c : ) ~ 

. ' . 

~~~~ :-~·~ti.~ of , -~15 ,f:i\~~r c~o D85 __ aqu~~~r ~~ ~~~~: ~h~r: ~· -,?~~s ~.~ ~ o~n]_dZSto:_~hold 
regardless of 1-rhether flo1-1 is up1-rard or dm~"!1Hard, and regardless of the magnitude 

.' 

of t he hydraulic gradient . This . extencs the uppe_r limit . ~f the 1\.5 of t he filt er 

considerably b~sond that recarunended by Terzaghi. The uniformit y of filter or 
• - ... •• ,... ..! -; .... ~ · ·' " t "· r ... - ~ . 

• -- ~ . .._ - - - ...... t 

aq~ifer is not expressl y incl uded in Bertram's criterion. 

'~-:-... _} ... _·· • ...... ·. . ~~--- ~ ... ... - :. -: ·'._t:; : ... l<:. j! ,.; ~- ::.r.:.. -:.c. 
underdrains and applied these .to drainage ;.rells. The recommendation made is, 
t!~~~ ~~ .. -~::::··':;.\ ~:,;, .... -J:_,_ l _,J ~ :··;-_ ··-· · t'- ·- · - -~:;_· ~ · '· . -; \J21:}.f' G ~Y"~~:-: .. ~ : 

Dl5 filter ~ ~ Dl5 filter 
Da5 aquifer _- 4 - 5 D15 aquif er 

! •.1 • ... • • ' • • • ~ • • 

This is~ essentially the same criterion as t hat presented by Terzaghi ~-~~ -· - The 

application of this to drainage wells at the toe of a l arge dam field-tested the . . 

~ . r. .. ! • 
'-'"" '"- - ._ r 

: .;,. . : .. 

In this criterion, t he r~tio of Dl~(filter) · 
~ Dl5(aqu~fer) 

-
design and it was found suitable. 

is establishad to limit uplift. prassure in case of upt-rard flow, or ot herr.-rise ." to 

i~sure _ greater intrinsic perneabili ty in filter t~an i~ t he aquifer. 

I d ··t· . t th ,. ·t rh5(filter) L ,.:,,., - . ~ a a~ ., lon o : ~ -~~ ..... .L . - 5, the recom.'ll.endat i on 
· · · Das(aquifer") 

the grain size distribution curves should not differ by mo~e than 25 times .at · any 

is rr,ade :' that 

point. This calls attention to t he fact t hat soT~e consideration should be given 

to.r th~ _uniformity of t he filter and acp. ifer, although no specific limit of " 
- .· 

un~formity 1flas found or reco:rmnendec. . It is noted that the coefficient of tini-

formity for filters used in these studies ranged from about 2 to a bout 9, and 

f or the aquifers from about 1.6 to 2al• 

This important stu.dy also points out that dense packi ng of the filter i s 
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.desirable to reduce settling and also to r educe migration of small particles into 

_the filter during initial operatio~r 

__ - The u. s. Bureau of Reclamation (7) made an extensive ser ies of laboratory -- - --- --

:.~~~~~e~ including both uniform and graded filters. These studies ~•ere directed 

to~·ra:rci esta':Jlishi~g filter criteria. for both earth dam protective filter drains, 

.. and other drains such as those for agricultural drainage . For Uiliform filt ers, 
- ;_ - -;: - . ::_. - - - - - - - =- --

-: ~= r~~~_? - oF_ t~'le : n50(~ilt~:· }_ ~~ t~:_n50 (aquifer) of betvreen 5 and 10 was found 

- S~~isfactory. The . l imiting values for this ratio were co~firmed by a rather 
- -:::----.- ··-·- --

- complete ser5_es of experiments. There is no specific UI'li fo;rmity required by this .. _ - - -- = - -

::: ~~-i~e!'_ion.J a::..thoug!l the coefficie:1ts of uniformity of the filters used in the 

=.:~~_s_t_s were les:-.~ _t_h~?-: ~.67, wtile aquifer uni formity ranged from 1.4 to 6 .. 5. 

- · ~e follo iJing .a.r:.e a n).o ng r u::..es given by the U.s . B.R. to be applied in selecting 
--- . - . - . -- - .: -- --- - :.. -

... a _unifor~ fil tei~: - __ 
- --- - - - - - - -- ;:.,. -- = - -- -- :- - -:. = - - -----

1 • -.5 __ £- D5o (filter) L 10 -< ~; ___ n50 _(~qt:i£:er )_ 
.... - - :::.. - --- . 

2. ~ _ range of l to 3 log cycles bet;reen the mea:1 grain size of . --.. ---
filter and that of aquifer i s per missible s o long as the ratio 

~-1-:_::...: -
:. -?_- ~:- - Dso(filt er) is within liffiits specified. 

::...- - -D)oCa~uifer;-

3. Coarse material within narro'v size limits (pea gravel and coarser) 

4. 
- -- -- -- - - -- ---

~-- - ·- -- - = =- - - - -- ---

is not suitable for filtering f ine aquifer materials. 

The maximum siz~ of ~lot or opening in the drain pipe should 
-- -- -- - :--=----~~- 1 

be one-half the Dss of the fil'ver. _ 
=-- - ---- --- ' The Soil Conservation Serv::..ce (8) made a Emi ted laboratory study of filter 

,rna terials for a pump drainage project in which pumpine; from a shallow sump was 
- -1 -

!tried. First attempts using 11 pea- ;sravel 11 and coarse grained filters proved 
:: I - : -- : - - -
_ unsuccessful in excluding sand. The conclusion was reached that a nsi zed11 

:-i_ - .. -- - -

- : lAs suggested by the Har Depa.rtr.:ent Er:.gineering 11anual, Ch XXI, Pt.2, 1943. 
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_(uniform) sand only a little l arger than the aqu:ii'er material l·m.s needed. The 

-progress report referred to the fact that "t<~e greatest rest:o:-ictioE to water f low 

in the region of the filter and aquifer occurs at the interface be tween filter 

~~d aquifer. Thus a filter sand size only slightly larger than the aquifer 

material should be suitable if it is poss ible to prevent fines of the aquifer 

from occupying the pores at the interface thus restricting ·flow. 

c:. ~ _ Head loss at filter-aguife:;:- interface.--Leathenrood (~l) - Horking at·' Colorado 

~- & H found that the. h~ad loss at the filter-aquifer int~rface is indeed gr·eater 

!-h!in. the loss in either the filter, or the aquifer, and attributes this t o t he 

action of fines moving into voids at the interface . He considers that the more 

~portant variables describing the fluid, the flo>-v and t he geometry can be ex-

press~d as :: -.. -_ - . - _.,., ·.:0 . :- .:. .-

where 

. . 
·· f 1 <r,p_, D..l, D5 , a;, <rs' aJ' C(s' h, V;, vs)- o ----------(3) 

t"-··· 

• ' )~ , t .. 
.. - · . 

fl : m~ss density of fluid 

}A : ~;rnamic viscosity of f~uid -, ~ . " :' ;_ .. ... 

ui ,D5 : ::nea!1 diameter of filter and aquifer particles 
J. 

- - . qJa; = ·· s-tandard deviation from the mean of filter and aquifer parti cle si:.;e 
. - (' . 

d; tX'5 = porosity of packing of the fiJt -er and -aquifer 

V_,.t ,V
5 

:bulk v·elosity of fluid in ·filter and.·aquifer 
L ,. • - -

h = head '' loss· at the inte-rface of filter and aq'!_dfer 
1.~ ~ • .. • . ·, - -=· - . . J-." • • 

In these experiments the porosities vrere constant and V 
5 

: Vj : V • 

(Bulk ~elo.city V i ,s. th~ quot.ie~t ·. o:f t~tai ·discha;ge ~~ct' ;oc~~~s -secti~n~l ~:~e~·\:' 

The- remaini ng variables were gro~ped by dimensional analysis t o yield avfuncti onal 

rela'tionsh-ip, 
.- ( .. : 

-----------------------------'4) 
The_ experimental data are s hown in fi gure 2. Fro:'l'l t he fi gure, it is seen that 

head loss at the interface varies directly \·rith Reynolds Number up to Re : 25. 
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Evidently the flovr under these conditions and tvith the definition of Reynolds 

N~~ber used was in the l~~insr r ange . It is interesting to note that a Reynolds 

Nurr~er which indicat~s change from laminar to turbulent flow in po~ous media is 

difficult to standa~ciize because the proper length parameter is uncertain (10). 

!ii ti1is case the value of 25 is hig.lJ.er than values commonly · citedo 

} . .... From figure 2 it can be seen that the head loss is a function of Reynolds 

Number,· me::tn dia11eter of the aquifer particles; and a uniformity . par~113ter 
•. -

- ..l --... • .._ .. 

( o-s ~-)' or n;-
h f3 !>; 

c: f·· r ( fi "( r J J 1---------~-------------------c5) 
: __ . .. 

It is concluded that D
5 

l-ras of considerable importance, but D .. was only of ,_ 

secondary importance t~ the ~~iformity of particle sizes in both filter an~ aquifer. 
_ I · ! : _.. -'j :· _ . ~ . 1. ·" . · ~ .... - \ ;.. 

The functio!'lal relationship of equation 5 can be expressed as, 

h -~- C Re (~) (~) ----------------------------------(6) 
in which constant C is best expressed as a function of the uniformity parameter, 

- . . 4.6 
·e t; 1.02 x 1o~(~-: )(-~)] -------:------------------(7) 

Equat ions 6 and 7 are believed to be valid in the range of grain sizes used in 

the experiment (Oo0ll2 - 0. 222 inch). 

Stability (no movement of fines into the filter) was determined by plotting 

head loss at the interface as a function of average pore velocity as shovm in 

Figure 3. Where the curves representing head loss for certain 'rat ios of D1/Ds 

decreased w:lth increasing pore velocity; 'the send vras a'sswned to have moved ' 

through the interface leaving larger voids, and thus accounting for a decrease in 

head loss. A 

Dl5 (filter) 
J58S('aq~ifer) 

critical ratio of Dso(filter) of less than 5.3 and for 
_ D5o(aquifer) 

less than 4.1 tvas determined in this way. This method ivas believed 

to be more se1:sitive than visual observation of sand movement . 

Bennison (11) pointed out the importance of uniformity in the filter for 
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wells. A uniformity coefficient less than 2 is recomme nded. He also recorr-u,lends 

~ha~ _sands _ha~ini£ a D10 size greater than 0.01 inch and a uniformity coefficient 

gr~a:t_~r _ tna,n 2 ._need _nqt be f_ilteredwith a 11 gravel pack." It has been observed 

~~~~ ~~requentlJC ~th~-~~~o~~~~ _coefficient Cu is too high, i.e., the filter is too 

w~ll _graded.. _ 
--.- - -- -- - - -- - - - -

~~~--th~cl_c!1e ss o_f_ the f~lt er has not received special study so far as can be 
-- -~- -- --- -- ---

dete:n:1ir.ed.. Ben!'lison (11) reports that 3 i!'lches to 12 inches is best for water 
-·-·- - ·- - :::. . : :._ :- -: _;-:: :.:. : .... .: .... ~ 

wells-. Thicker filters tend to cause a re~uced velocity in the filter such that 

sand t-v:1ic~ mig&~ be carried into the filter is deposited there, rather than be ir..g 

carried through. 

On the other hand, information has be6n received from a large south;.restern 

-corporation that ~he size -of t~e fi~ter material is of less its 

.ffii6k·n€~~, =-~~d - tnat -- the diam~ter of a t.;ell filter should be such that the 

velocity 6r ~~t~; = leaving =- tlie ~qnifer at the interface is too lov-r to move the sand. 

This organization also believes a uniform filter is preferable to a graded or.e. 

:'.. :-. -.-:L~b~~n :- (12) at coi~;~d; A ar.d H found that the U..T1iformity of the a;quifer 

was significant in design ~of a . filter for _ a -vrater t-Jell . His studies in the 

l~.l:~or§t!-ory shm-red that al th~ugh the aquifer mate rials ~rere relatively u..11iform, the 

mo~t = pon~iste11t criterion for stability was achieved by using the product of 

(
DSo(filter) _ ( .f )) 

x Cu aqm er • 
D50(aquifer) 

This product should be b~tvreen S and 8 for design 

po.rposes; Values greater than 8 proved unstable , ·r.-rhile values less than S resulted 

ln:·higher hydraulic head losses in the filter -viithout any reduction in sand move-

m~nt; - ~It vras also concluded that aquifers with Cu greater than 2 should not need 

to be _filtered in so far as stabilizing sand is concerned. 

!-:~= :· Lockman found t hat the amount of sand moved into the filta:.:- v-3.ried -.vith the 

~J~~tu~e of the hydraulic gradient in the sand. However as long as the ratio of 

is less than 7oS, the increase in sand movement with hyc.raulic Dso(filter) 
Ds0(aquifer) 
gradj_ent is r.ot great. · Figure 4 is a plot of some of :1is d3.ta. 
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Summary and C0nclusions. 
= 

From the fore~oing r:_evievi and discuss~on of the published or freely avail-

able information on -the requirements of filters for vrater •·rells and dre.ins, it is 

apparent th~t no stancardized criteria are yet aYailable •. Research is still 

needed to better estaclish the elements of a good design, 

To revieH the . existing t~oughts on filt ers, it may be 1vell to consider 
- .::. --~--=- :· ___ :: - -~ -= 

first the s~ilarity between conditions requiring filters for water 1vells and 
:. :.--~::-__ :_:-_-=-·· = ~:_:-_:.::-. -- ---

Fine sands and silts are the soil materials giving rise to the need for 

a filter. vfuere these cohesionless fractions predominate we find problems of 
= 

san<! _P~I;_i~~ ~n i·Iater wells. Pump impellers are dcL11aged, and vlells are ruined as 

a result. 
,..- --~::.----------

Pipe _draip.s_ likewise ::neet the problem of "sil ting-up11 in such rnaterials. 

The problem peems t:o be: gre~test 1.rhen t hese fine sands or silts are of uniform 
-: ~::..:.: · .. ___ ~=-: -- -=-- --·- - -----

_ . The force ca~sir.g movement of the fine particles comes from the viscous shear 
_::_:.. E : _- :_·_:_: -~:. =.__= _ :_:_--

of 't!t:e_ moving . wate~r as it floHs tovJard the openings in ·well or drain. This drag 

per unit vol~~e is represented by the hydraulic gradient, Usually in the fine 
-.. -~ = : _ ____ -___ - -=-- -
_ sands and silts. the hydraulic gradients are comparable for Hells and drains, 

= :---.: - = -:- - - -

except ver-J near the vrell;, Hhere turbulent flow may exist. In this respect the --::-- - - - :- -- - -

flow conditions may differ significantly. 
-- ,.. --- . -

In the case of ;.;ells, accidental over-
- -

~-Uinping may i :nduce.:; more' 'severe flow conditions than those found near drains. In 

:: ~~~~~ai the:. r'e~~i~-~~~~t:~ 'imposed on filters for wells are similar to those 
-- ------
- -imposed on drains, although' possibly more severe. 

tfniformity:--For nearly uniform aquifer materials it is fairly well agreed 

-that a- uniform- fiiter~ is preferable to a graded filter, particularly if only one 
- - ... .. - -

layer- of .filter is -to. oe used. 

- - -- - In the .first place~-~ tfi~ ::: rin~s in a graded filter 'Hill move through and into 

. . . - -. - :.} ' 
· the Hell, unless slot openings are ·very small. Secondly it is difficult to place 
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a graded filter about a Hell screen without segregation although with care and 

proper equipment it can be done • 

. __ To meet the require~ent of having higher intrinsic permeability than the 

a~uifer, the filter s!wuld preferably be uniform. Permeability of granular 
. . . 

materials may be considered to be propor tional t o the (D:Ls )2 o (14). 

permeability of a graded filter -vrould be lov.rer than that of a uni!onn. filter. 
• t: •- r -

Hence t he 

having the same 50._ percent size. It h.as also been found. :that the graded filter 
.. .: . .. . ~- -· ... -- . - -- . "" ._ ---·... :. •'-• - • - ~ . j - • ~ • -

tends to permit greater movement of f ines into the periphery of the filter 

creat ing a restricting zone of low r;errr.eability. . : ~.. -

The primary argument favoring graded filt ers is that a pit-run mat_e:~al 

may_ be available which -v:ill g~eatly reduce the cost of the installation • 

.Thu~, although t:'1ere seems to be good agreement that unif_orm filters ar_e .. " 
. .. . . . - • - -- .... . - r 

be_st, the necess~ry degree_o! tL"l.iforn:ity, _h~_s no~t. "ger:erallY. been_ ~s~~<l:~lish~~"'·- ... . 

tockr!l~l'l (12) concluded tha t unifor:nity should be included in the cr iterion fo:r 

a filter on _th_e_ b:s-sis that t."le correlat ion oetv-men the ratio ·D5o(filter) c. and , 
D)o(a~uifer )' 

stability uas not good enougl1. He fotm<:! that the prod_uct 

fDso(filter) J 
LDso(aquifer) x Cu (aquifer ) . 

gave a n~~ber more closely correlating ·~~th sa~d m;veme~t. 

__ ... - --~ -
~--- -

There is some evidence to indicate that aquifer materials having a· :: :·· .. -. :-

unifor~ity coefficient greater than 2 need not be filtered. These materials can 

be "developed, 11 or Hill cre'ate a natural filter. 
~ ( ,;.j t. . ' r '•,, ':• r•'i•" ,,.. .., -! -~r ;•. , · · ~ ~ ~,"l,.,~ • .:, . .; I .- · 

Thickness of Filter.--Very little -evidence has lieen'·collected 
.t r ~ .... ,... -:: c· on which to 

bas·e a thickness recommendation. Authoritative opinions seem to be that thick-

nesses 'of 3 to 12 inches are suitable for vJells a."l.d 3 to 6 inches are sat isfactory 

for drains. From the standpoint of excluding sand, the filtering action should 

be confined to the interface, hence there is no need for a thick filter. The 

desirability of increasing the effective diameter of v-rell or drain is yet another 
~ 

consideration however. 
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As a matter of interest it has been observed that the 36-inch and larger 

irrigation vrells being constructed by the rotai";)r and reverse rotary ::n.ethods 

have been subject to less sa:1d pumping difficulties than the smaller dia"lleter 
~ -
wells. The fact that the velocity and hence the drag at the filter interface 
. . - - . 
decreases directly vrith i.ncrease in diameter i·! ill account for t his. 

(_ - .. . 

Proposed Filter Criteria.--The . criteria. proposed for materials ~rhich vlill - . 
:·!~ -- ... ':.. ... - - -

effectively prevent sand and silt from ent-ering a Hell or drain are- tab>_:le,ted .. , - --- - .. .. 
i.. • _:. -. v.:...- _ . ·- -- --' ~ - '. -belm.: . 

Cl ~ 
-. - . - -

Authorit:;_:-

DJ.5 (filter) 
. --

Terr;aahi ~ 4 
.. :: 1585 (aquifer ) 

·. _u.s.B.R. 5 <. nso (filter £_ · 10 
D5o (aquifer) 

0~- --- r ~ - . - - .;. 

. Corps of 11' • DJ.5 (filter ) <. 5 ..... ng:meers 
T rr· • ~ ·- D85 (aquifer ) 

,.., ••.• f'""' -y.· ,. p ,.... _ . ._ _. __ ..._ 
...... - :.. 1.. - -

r 
:: ..! ' Leatherwood Dso (filter) < Il5o (aquifer ) 5.3 .. - --

s ·. . - J- . 

DJ.5 (filter) < 4.1 
D85 (aquifer) 

J Bertram Dso (filter) < 9 

l 1J5() ( aq1 ifer) 

Lockman D_so (filter) < 7.5 
'J.~ I: :. -=- - - D5o (aquifer) - '. -·. .. --- - - ---

·:::1€:1 
. ~ - - .... .!, .-

. [D5o (filter) 
(acp ifer)] < 5 < (aquifer ) x Cu 8 

I 
J ;:_ _ _ , - nso 

The results of several of the e xper_;iments reported are tabulated for t he ·:.:>c f . I ' . 

I 
JI>Urpose of compa1,ison in Table 1. Inspection of the data shmvs th:: t the criterion 

.cf the Corps of Engineers :! s most closely associated with satisfactory experiments . 
-~ 

tAll experi::n.ent s whi ch rrrere satisfactory have a D15 (filter)) <. 5
1 

with one 
I n55 (aquifer 
exception. All except t\•Io of the experiments which failed have a ratio 

Dl) (filter) ) 5., 
Das (aquifer) 

There is esse!'l.tially no difference betvmen the uniformity 
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of the filters or aquifer rna terials in the experi.ments v7hich failed or <-Jere sa tis-

factor;. 

It seems, however, that uniformity of the filter and aquifer should be in 

some Hay specified as Fart of any cri".:.erion. It is tacitly understood that the 

materials of the filter are relatively uniform, but selection of only one point on 

a grain size distribution curve does not assure any degree of uniformity of _tih.e 

111aterial . ... ._., r . . -

-~..,c _:: F,inally it appears that more effort should be directed to<-;ard study of g:.·aded, 

or pit-run ma_ter~i.als in regard to their suitability as filters, particularly for 

drain pipe in fine sanQ and silt. 
.· 
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Fi gure 4. Rel ation of sand movement to hydraulic gradient 
i n the s nnd t or aever 1 fi lter - aqui f e r combinations . 
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