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drains be in tnlled to adeq te)¥ l.o r the :ter 'table '£or crop prod:Wl-tion . 

The depth and paci of the dr&ins are 'iiO 1 porto.nt design ractorc ch 

control the lower! or the ter ta.b1e . 

In r cent year 1 nome ap~ax:Lmnti (1, 2, , 111 1.3) have: been 

obtained :for the olution of e prob . 1nv0lv10f5 a !'all ll8 :ter 

table . or tbe ;pproximations object OUAblc (12) becaw:ro the 

t1on in o 

A 

heat 

are 'based are not a.listie hence the solution JfJB¥ 

curate ror de en .Put'IX> e • Thi discuso;ion 4eal.Jl w1 th 

tJ.on ev loped ~ <tlov r (2) by e1 nating an aum.p­

:tion ll oVide 1nf'or .tion on 

ell vater table re ion i"'l e • 

(2)1 G.Wver devol.ope4 a colution ~cd u~oo the 

t on ror the ~1 ot U n.g the 

DupUit aoeuznption, he eon&idered homogeneous 

:t of -oil overly a horizontal :tmpe.rn:e.able lcQ'cr. In t e devel> 

GlOV'er' elution an approximation · ·hicb restr:tct the uo ot hiD 

equo.ti to ea.£c in ich the d1 tan:ee frot:t tb tile to the iJX!rmee.'blc 

boundar7 is large in :relation to the dra ao 

oum,pti 

ul "tDtq obtained. In Wl3llarl~ing omc o! t recent S-ttldie on the 

talll ter table van Sch1U'gurde (12) tated that ' Glover ' c equation, 

rect than any other,. Ut it ia not uu;tficiently cc 

de ign ),>ut•pose • " 



The appl'CXiliiB.te solutioa preseuted rei.n take& into aceO\tQt tbe 

~ tbll) ter table' h1eb implles that tbe clictar.Jce f'rom t.be tile to 

iaa.. 

Cccud4er a ep.tea ot eq\Jall.F ·~ draiu in ~ soil 

cwer]TlD& an illper.IDeeble bovod.&r7 of ~ro al.Qp!t as holm. 1tL :t'ipre 1. 

:Pipre 1. Model Qt' e~uall¥ ~ dnd~ aboYe a;Q, ~le 
~ 'th aco~oa ~ aDd init_ial 
eondit:1QI1S e 

1'be eq111.t1on tor f'l 

be Yri tten. as 

) oa • . (J)+ ~ (~) 

iD vbich Q 1• 't.bo Olu.et rate of !lo\.J 1C. tlie X 4iftCtiOC. llG'l" ~t l.eDgth 

ot t1lJ!h K i& tbe ~c ccoduct.i:v1t.71 aJ1d the other SJ!Dbol..$ are &8 

4dine4 in t1&Uft 1. 
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Fig. 1. Model of equally spaced drains above an impermeable boundary with accompanying boundary 

and initial conditions. 



If' eq1.mt1on {1) is subctitutcd into equation of: coot1nUity1 the 

.fferential equation de cribing .flo · to~t t drain becomes 

(2) 

in which a ie DK/1', t i the .-pec.:-.l'ic yi ld, Dud t is time. 

The boundo.ry and initial condition• upon the eystam m-e given as 

L 
h(!_ 2, t) 

Ro 
h(x, 0) c T, 

(t > o) -
L L --<x<-2- -2 

(3) 

Picard' method of success1 ve upprox tions ( 10) vao suggested by 

Glov~ for sol.ving the non~liuear d.i.fterential equt:ttion (2) rith ito 

a.ec~ cond.itiOllJl gi vcn by equa.tians (3 ) • The method of Picard is 

deooribed loo it ppliea to this pro l.em. 

Equation (2) becomea 

a~ oh a ---• o. (l) 
Ox.2 (Jt 

en the noo-lln o.r termn are di ... carded. A first J:ll?X' tion, ~ , io 

obtained for c~tiott (2) by' solvil;lG equation {l ). A cond ap~on, 

~ , is obtained ouch that 

2f Glover, R. • Consulto.nt, Agricultur riment Station, 
Co1orado ~'tate University', Fort Collins, Colorado; PerGonal Communication 1958. 
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(5) 

.. 

In the p.ro¢eas o:r o'b'bUniot; ea.cll appro-..d.m.ticm, t.ma boundary nnd ini:tia.l 

conditioUD must be sati ied. <llov~r (2) solved equation. ( ) using the boun .. 

cl.tlry tmd in.lt:~.a.l_ conditions given by equa.tion:s :5 }, tb. t e exception t...'JD.t 

he considered his orl.g.tn of the coordinate fiXeS at the tile in ... teaa of as 

(6) 

i'he .t:olutrioc. J.l!"':&~tmted bel0'1 is o. result or ell.n';fing Picard's p:r'OC.eO£> 

to a second a:pproXUtation. Tn~ expres.cioo is made up or tel"l':'W consistit~S 

of the first n.:pprox:t.m.t1cn 11 particul~ integx'tU~.) and t'elW3 neceasaay to J;~er­

:mlt restoration or the illi i<a.l and bounda"ry conditi-ons. lt 'J:IJaY be expressed 

in terms ot' the firct app~tion es 



-1 (7) 
0 

+ ...2...) hi L'"l turn 
2 

of ['t .. T), ] variable . The po.rt:1.culiu" 

(7) 

lew. 



in vbich h << D. 

~~ven b7 equation (1), 

tbe drain is 

(10) 

An approximate -molution, ~ 1 i obtr.dne by \\bt:rt.:.:tuting equation (9) ·1Jlto 

equation (10} which 

( ~1) 

h e c io the conirtan"t ot ... ntcgra:tion. t1sios the boundc:cy' cOndition 

gi v n by equat on (5), the eon tant ~ • n~tion ... found to be (no f . 
T 

Arter wbst tutina \t (11) and re~- .a, the 

(12) 

~1 Ot-etical CUl"'We of r-elative ·a.ter table htr' ell ; h/Jlo, 
o.G a tunct·· on of tbe t: ~tcr c: t/Ifl for tile t 
varia relat · ve c.i:ite.nce& Ro ooove the imx;ermeablc 
bo\1Rdar7 and for x = 0 • ..,-:-

-7-
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Figure 2. Theoretical curves of relative water table height , h/H0 , 

as a function of the time paErmeter a t/t2 for +.ile at 
various relative distances r?- above the i mpermeable 
bound.a.ry ~d for x = o. · 



for x • 0 and tor vari val:uea Gt BJD· Glover• sol11tiCX16 are also 

G~U in t• 2 for ~ilroll ilith thi,; tMat:y. 

cquo.tioo ~or aJD • 2 0 • which placea the drain <m tll.e i~le 

~"' and equation (7) is that GlOYet"•s l'lt>lutiOD {2) does not Ge.t1td',y 

the acme :1Di tial con41 tions as · ~d lu.trein. 

bes;1u to 

period ot time baB olo.paed pen41 upon the diatauce frca the drain to tbe 

111l}'lim118able boundaJ)r. 1'be range of relative di ta.nees to the illpetwtaba 

~, 0 < ~ :£ 2 .o 1 C!QIU;ti tutea 100 ;percen~ ot t.be total dx'aiu.a.U1e 

depth. Kirkbalt (6) choued th&t !loll into t.il.e dTa1ns ifl. eottai.der&bl¥ re4\lced 

' 'bell the 

cwv•a in aure 2 for 1:.1le U&1n QO the ·· ~le b~, B.Jn • 2.0, · 

&rlQ e.t t~tto-tbirde ot the dra.:Loable 4epth, BJD • 1 .0, alao 1D4:1ca.tes that 

'iler:l the bo\m.da:l.7 is .ne~ tbe drain the flo- a coasi4erab~ redUced.. 

sbO"Jn in te.ble 1.. The ~t of the t-.ro a.pproxiat.iC~~UJ is exeell.e.Dt for 

Bo 0.1 ~ D :S 1.0. Bo~ever, for BofD • 2.0 , the ~t 1• not entireJ¥ 

aat1stact017• 

Table 1. cc:apa.ri· on of -theoretical solution& c;bt.ained tr<.a 
eq\Bt1on& (7) ud (1:2) ff% ~ • 0 ad t'or VU'iou.& 
valuea (;4 l!jD,. 



'fu.bl ~ . A compariaon o:- thooret:teal no-1\lt$-Otte o <tained &om1 ·equat:tono ( 7) 
and (12") for x . #> 0 and for var:l.ouu value of Hoft>. 

BeJ.atiV<t ow.:ti on Qf' tbe tro.ter BclAt:tve ®it1on or tbe \~· :ter 
'l'abl.e J .b/f!o1 fr-om E(l~t1on ( 7) T4bl-e, b/TJ.o, t:raJt Equation (.12) 

O. l o.67 1 .. o 2 ·0 0.1 0·61 · o 2.0 

0.02 0.48 0 . '9 ().l9 0 . 50 0-~ o .. a 0. 48 

o.q; 0.4, · o. t,6 o. 8 0 .. 49 o.4l o.44 o .. ~., 

0 .05 o.eB o.;, o .. ;n O. lt6 o .. e1 o .,~ 0.34 o .. ;s 
0.{)7 0.15 0 .. 22 Oo~26 o.,e o.li 0.21 0-2.} 

0 .10 -o .. Ol 0 . 07 o.u 0.25 -0.02 o.oo 0 .. 10 0·19 

0 • .16 ... o.e -0 .. 16 .. o .. ~ .. -t).Ql ... ¢ .2' ... 0.17 0.12 o.o1 

0 .20 -o.,l .. o.e5 -0·21 -o.u -0-3l. ...0.26 0 .22 .. o.o8 

0-25 -0.}8 -a.,; ·0.30 -0.22 -0.,9 .. Q.,' o.,l -o.l6 

Q.JO -o. 0 -o.!io -o.,a -0.28 ...o.~;, -O.~l -0.2lt 



In a recent r.a..,.,..e.r by I fu.!r;,J'ood ( 5) 1 th.e ~n,ral. thod of Kir 

comparing Isherllfood ' n oolution vlt the ~r:e.ta theoretical. so~ut.ion 

pre oen .. ed here, .... t i G poqsi le ta lloter ~ ne th va.J.l ty ot equn.ti on ( 1) 

I;;her:.rood.' data for the caoe of an :.!J:lJC~e bo~ on.uting 10 

teet. belo the o .1 t:ur ecc s reproduced in f;l~ ' G.Ud: 41 usilla 

.figur.,. • A cOJ,nJ:ari&on of the theorot cal curve and the olut .... on 
of Isher'>rood (5) for ~ • 8 and ~or va.r:touo value~ 

f L D o 
0. (£. ~ 

dimclloioolena ~ters .. thi:o e~1son it Pee=D neca oe.:1!Y o place 

a re ... trict.ioo upon cq Btric-

tion. 'INJ.:T be made tq ~e of the tio of the t.il.G spacing1 L , to the 

di t.e.nce 1"roln the ti~ t.o the i rm.ec.ble ~, d , i ·~ .. ~ L/ d • It 

-9-
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1 reu. onable to et that for lar e r !! that ol \l'ticm to thia d 

problea base ~ be Du.pui t p~1on ... ~~ clOse~ ~te tbe t o 

L 
t 0 or i a ol1&1ca 

~ n ch laherwood f &olut1oo acree clOse]¥ w:.:th the theoretic 

curve for ~ ~ 25 vbile tor i < 25 'tbere i c~ider&bl.e lack ~ CIK.I~ 
t . It ap~s rn. the data labl tra: Isherwooclts :paper that the 

t.beo17 of thia }:Rptr 1 inde~dent o:t ~ tor tioe ~'ter tban 25. 

A cca.parison of ltl1J28e 1 (8) unpub~i.&be4 field clata1 &lid qlBtian (7) 

is ahova in figUre 5· The theoretical e\ll"Ve appears aa a solid Une :1orhile 

aata ot JP.1DP. c asree remrkabl.e ll with 

F1pr 5. A compa.r1aco or te t.booreti cal. curve and tbe data of 
D.iqe {8) for - • l .o8. 

D 

in wioh tbe :rot 

tea or draillS are to be inatal.l.ed to dep or 6 feet l<Y.t the co11 

;;ur-nu!A aa4 an ~le bo\D4ar7 enst &t. 9 f t lov the aoi l urfacct . 

- 10-
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If' the posit.icm oi' the -water table initially exists at t~~oi~ surface, 

eompute the tile- &pae:i"l\8 which Will ca\Ule too wa.ter table to recede to- a 

depth of 3 .. 6 feet tn 3 dlqa when tb.e bydraallc conductiYit,y-specific yi-eld 

K ~ 
ratio., t , ijJ 2.0 'tt/b:r. The scaled time variable, il' 1a ree,d fl'OtiJ 

. Ho h the tbeoreticnl. cl,ll"Ve, i} ar J. .. O fo;r ~ t!; .. 0 .. 1, which 1G found t.Q be 

0.150. Sinee t and ct are known, the Sp!.Cing, 1. 1 is computed from 

the relation 

--~ L • V'0:150 

in vhit:h a ia 12.0 ft2/nr. The spacing is found to be 76 ft (aP.PrOXiu.te]¥) 

and ~ • ~ ,. 25·3 which i:rn Within the lim1 .s set: fcrth \l.S1ng 'the data or 

Inllerwo.od. ['he theoretical -predt.ctions of tb..e tile spacinss which can be 

obtained from !1gu.re 2 will be no better than the method£ uzed to obtain 

chara.cteri~tic hydraulic e.onduetivi ty ·- sped.fic ;ield data for the d:ra.itlalie 

s7s~. Methods o:f tneasuring hydraulic: conductivity on. a large ocal.e are 

needed. "rile recent. •ork ot Nelson {9) seems w be a .st~p for11ard in tn;. 

direction. 

1'he ass'WU.:ption that the.re is a con.stant. quantity ce.lled specific 

yield is indeed naive a.s discUG~d by Childs ('). 'l'he tnae- solut.iqn of thiG 

problem as 1.n.dicate4 DJ' Childs (7) "Will demand the s~ of the soil. as a 

.. ll-



Whole , both aboVe aDd belo the :ter to.bl¢ 1 as an ~esq in the field Of 

·,..rater movm1e11t in whOOO b1'araulie eandw:t1Vit7 is a tunet.ion of 

moisture content ." Rowever, it i& bol*.\ tho.t th apprOX'.i.Mte nol.ution pre· 

eeuted berein Will enable the 4rai~ eng1neer to more aceuratel;J design 

dra1nase 1natellat1oas and predict clrainage eo t • 
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