
Soviet HydrologY: Selested Papers

It is orpedient to use ground wder for trrigdion
mainly near rr:setroire on lowlasd rivera, where a
large amount of fresh water accumuld.es ln the zone
of aera*ion as a result of inflltrdlon, and new aqul{ers
sometimea form. At the present time, the total
volune of resenroirB constnrsted on the rivers of the
U$SR is 400 lsng (about 10% of the mean annual mnoff
of Soviet rivere). According to rough estimdes,
from 40 to 60 lqr3 of wd,er hag aceumtdated in the
baclwder zone of these reserrroirs.

Iu additioo, it is very efficient to irrigde land
with ground water in the foothills and lntemrontane
basins coasisting of alluvial depoeits, as well as in
river valleys with permeable alluvium (particularly
wheu lt is repreeented by gravelly-pebbly, sandy-
pebbly, and sandy-gravelly deposits). Under these
conditions, irrigation with ground wder does not re-
quire the construstion of dame, wder intakes,
arterial canals, and of an irrigation network. The
water from welle ard spare storages in relief depres-
sions ls deUvered directly to low-order irrigdors,
rvhence it is drawn by eprinlding machines. In that
caso the intake we[s ofthe irrigd.ion system also 3:

perform the function ofvertical drainage, prodtrcing
a leaching irrigdion regimo and preventing the
salinizdlon of the land.

Mgst promising is the combined use of surfaee and
ground wders for these prrposes. This ldnd of ir-
rigation is applicable wberever ground wder is fresh
or even slightly mineralized (5-6 gniter). It is most
expedient to use only aurface wder for irrigdion in
wet years and to store its surplus ln underground
aquifers, and to use both surface and ground waterg
in dry and normal years.

The optiuum ratio between the anqual utilizdion
of grorrnd q and surface q, waters (mSftestare) for
irrigation over the long ringe with various long-
period meaa values of precipitdion infiltration t is
expressed by the following reldion:

a Q (l 
-cr')C-Fev- 4v: (-i=aJzT"e. (1)

where a is the efficiency of systems during irriga-
tion with ground wder; ar ls the same during irriga-
tion with surfase water; ald C is the average aqnual
irrigation rde (gross), anounting to 10,00b m3 per
hectare = 2,74- 10-3 m/day for the irrigded regions of
the US$8.

Table 1 givee tlte values of p, computed by fomrula
(1). We can see thd ground-wder utillzation for the
bcst irrigdioo eystems (ar :0,85-0,90; a:0,90-0,95)
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with surface watir using infiltrdion basins ad bf, .;I

varies wtthin L4-33% of the total wder wlthdraral fgr"' '

irrigdion. At the present tlme, abor* 140-150 haU of -,
water a year are used tn the llSffi to irrigde X4. S - ,'ti'
mtllioo ie-ctares. Consequeutly, it is exftdient to ueil.i
20-45 hng of ground water a year for trrigatlon tn ,=
operdiug syetems aloue (prorided their efflctency ls
inproved). One cordd irrigde 2 to 4 'rrillton hectares *
with this wder. . ;r

When uaderground wder intakes.are used for irrlgp.-
tion, one uust obserre the drop ln wder IeryeI in tle ,,:,:

wells aa they are being used atd determtne ttre effect '

of the operdion of the given wder intake on other wa-;,:i
ter intalree and also the ehange tn t.he qualit5r of t.he
ground wder during its exploitdion. :...+:1ir:- The yield (effici6ncy) of wder intakes cm varyde-- ''
pending on the dro'p in wder level in t,he wells. The.
mar<imu:n efficiency of a wder intake correspoude to .

the maximum allowable drop iu wder level Sm asd fs
the erploitable resource of a given wder intake. The
manimum allowable drop in level Sp is equal to the
difference in elevdton between the stdtc level and the '
base of the aquifer.

Two kinds of maximum intalce otfprrt should be die-,,.

a) Constant guaranteed outprt Qs, egual to the yield
of the wder intake wlth a maximum drop ln level S-
under a steady infiltrdion regime. It lncludes ooly ex*.
ternal inflow io the intake, 1. e. ' inIlow resulting from;
the inliltrafion of precipitdion, trigdton or othef'ver:i
ters, and also thsinfilt:rdion of wder fmm recharge '..,',.

regions. """i&$l:
11 temporary guaranteed maximum otrtErt ao(hll_i;

equal to the yield of the intalre d whtch a mar*mun droil
in level S- is reached by the eud of a given operdirg"4:i
period tn ilnder unsteadf infiltrdion conditioas. In,$;.l:.
dition to"external iuflow to the water intake, the yield'.,r'
Qn includes the drawdown of statie supplies. There- "
f#; A;, a;r"d il inaependent of the durdion of ' "

"r.piii#iont? 
the w*er intat e and decreases with ttr-i

creasingtn (as /n>oo' Qo*Qr). .':*ui
If wdef is draq,n from an aquifer d a constaDt rdo

Q<Q' the wafer level in the well drops contiououslytq
a maxlmum corresponding to a stationar5r inliltrdior
regine. Under thele conditions, the output of the-wa-"
tei intake will not decrease during exploitdion ard tbe''
aquifer will not be exhausted. Sueh operding condi-'::r.:
tions can be called normal.
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If, however, the wder is dmwn off an aquifer d a
rde Q > Q-, the wder level in the wells drops more-
rapidly tniir in the first case and reaches the value of 

I
Sm d; certain instant of time. The output of ttresra- ;tii intake will decrease from this tnstant on, andto i
provide for a given wder consumption one bas to pI - .,. '
irew wells intJoperdion or reeharge the ground water ''i ,
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pumping water iuto the aquifer tlrotrgb'wells. Under. I



4' rgzl TabLe 1

Yalues of t for Various long-Period Mean Values of Precipitdion
Infiltrdion
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coaditlous the aquifer becomes somewhd de-

Suppose th* the wder intakes are locded in
rocks with a eufficiently bigb water yield

nthe entire aguifer (or hydrogeologrcat aquifer
ilex), bounded tn plan by bodies of wder and
below by a regional impervious bed overlying
rrs with mineral water. Let us assume thd
idakes satisfy the following requirements:

) grorys of wells and individual wells are locded in

The total otsEf of iutakes IQ(to), corresponding
adrop ia wder level S- by the end of the operdiug

however, cbaracterizes the orploitable
of an aguifer, slhich are only paxtly renew-

bodies ofwder (riyers, lakes, reservoirs) and
a dlstalce from them. The outprt of both is e:r-

by t.he reldlon:

Q:Q**Qror*Qp,

Qst, Qhf' and Qp are ttre lnfl.ows to the intakes

$resulting fromthe drawdtnrn of stdic oupplies, in-
{*ftltr*ton of precipitdion, irrigdiotr and other wa-
I ters, and pumping from bodieJof wder.

r-r.rg. rnr m/day
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the inflow from bodies of wder Q, will be eignlficaut

for wells thd are closest to them and small for weUs
at a distance from tlem.

We will investigde the varidion la the componeuis
of the output of a water intake, Qst, Qfuf, and QU dur-
ing its operdion. To this end we will analyze a typtcal
wder intake consistlng of a long row of wells nea.r soure
open body of wder. To simplify the computdione we
will replace this row by a gallery exposing tbe 4uifer
throughout its depth.

The drop in level d aay point ofthe aguifer during
the pumping of water from several wells with a con-
stantjrptfnf is determined from the formula

s,.,-* vz(*rc'ff-ie'rc#). €)

where r:attl?; x:xlli q:Qfi; Sr, :fte-I!r; S, is the
drop in lerrel in zone I (0{.r(I1); 52 is the sasre in zone
tr (11<x<oo) i lr is tihe distance from the river to tbe
wd,er irfalre; lm ie the conductivity of the 4uife$ Q
is the well output; I is t.l.e distanee between the wellei
a is the piezocon&rctivity; h1 and h2 are the heade io
zones I and tr; h"(x) is the head of the ndural ground-
wder flow in the same zonea; and t ls time.

When detemining tbe drop ln wder level in t.he wells
themeelves, E = 1 in (3) aod theu we have

s.:# /4(o,sor-i.*. fr)+ffi ,n #, (4)

where rg is the well radius.

The head of tlre ndural flow h" ie expressed ast

ho* ho**'*-+*i. (5)

Here b6 is the head d the river E = 0); 99 is the dis-
charge-ofthe natural flow in the cross section x = O
(when the llow is directed toward the river 96 > 0 and

0,,
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to a ma:rimum drop in wder level ia wells Sp,
rac*,erizes the exploitable reeourcee of a given

thd are completely renewable and constantly

and gu.aranteed only over a period fo(xQollQ').
rate The exploitable resourcea of wder intakes of both

to lncrease coneiderably with the coaetruction of
on rivers.

One must distingrish betrreen wder lntakes locded

(2)

fi When wells are uniformly distributed over the area
3of m aquifer (d optimum distances from each other),
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Fig. 1. Working diagram of the seepage of wder to-
- ward a wder intake near shore.

when it is direc{ed away from tt go < 0); e is t&e rde
of recharge by infiltrdion; m is tde tJrickness of the
conflned quifer for a flow with a free surface m
= 0.5 (fu+Iro).

Witi allowance for (4), the head between the river
and the wder intake (0(.t</1) is determined from the
foruula

h,: h+* "-+** -s. (x, r), (6)

where S1(x, t) is expressed ln accordance wlth (3).

Wbeu water is pumped from the wells, a maximum
head h- forms between the body of wder (recharge
region ";na the row of wells (Fig. 1). In the region
UoInOda by the cross section with the maximum head
h* ad thi row of wells, infiltrdion water flows into
tffe wells and, therefore, this region is calledt"berwa-
ter-capture zone of the intake. In the region between
the same crosg section and the body of water, in-
filtration wder flows into tlre latter (zone of recharge
of tbe body of wder). The width of this zone is deter-

-io"a froin (O) under condition dh1/dx = 0 and is e:r-
pressed as:

,,:*- *[*r'fr]+"*" .ff] ; a*+' (?)

The width of this zone xn decreases wit'h time'
while thd of the wder-capfrrre zone of the iutake I1'-
x^ increases. The iufiltrdiou of water from the river
iuyto tUe wder intake begins at the instant t1, when
il = O. Taking x = 0 in (?), we find the timlb of the
tEsinniug of infiltrdion from the river:

The flow td;e d' a distance x from the river (0€lr

{ 11) will be

q,*h^*- *q0+ex-*r 
[*r. ]ff+u*" #J or",;

.,

?akifrg x = 0 in (?), lve get the flow rde r$ from fu ;,
aguifer lnto the river (x6 I 0) or the flow rde fron the rlt'
river into the 4uifer (xO = 0) .*

qo*gr-Qetlcll2(i. ' (tq
,r,.rtr

From (8) it follows thd wheu x > 0, t ,0,. QF-$SY:'i;
rde into ill river decreases by avaluo q erfcfr/t by

compar-lson with the flow rde under ndural condltiooa 
"tt.= 

-0. q- = q6). lllder inflow from the river is possibla

""r" irtil the"iecond term in the right-hand part of (8)

is ire*er than the first. When q(go, inflow from the

"i"""r 
i" altogether impossible. -- !.- 

The infloi from the first zone (0<.r(11) into the wa*

ter intat<e is found from (9) for x = 11, (x = 1), aadthe

value of q0 from (8) ;"i"'

q,: qD-ser"fi +*e(t +ert" #).'r: .i[,

'e(r-'*'*)*"',' (,,T"'_Qe*T 
l;

We can see from (11) thd t'he inllow into the water '
intake from zone I due to statie reserves is 

..;

Q$*\zQ(t -e*c t716), Oz)

to recharge by infiltrdion it is itl,'
.".i .

qhf:e(lr-xo), (ro>0); {tnf :slr, (ro-0) 0tt,,,
..!qli
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that-th;ildth or *6 river r""uirg" ,-eq *o and the wt&b;
of the wder-capttrre zone of ttre intake lr f *O vary I k
tunstion of r as shown in Table 2. ,i.trb--figt 

"" 
2 gives the values of dst, iliot' Ep' *1, ffi

computed from formulas (?), (12)' 
-3nd C9) f"." p/e ='fl

= .lla-}.| and different values of dlmenslonal sime i:"
" iq"i = q"t/q, Qinsinl; tln = oy'e;81 = 91/9)' 

,,',;,;.''

As we can see, during the initial perlod-of punpiug 
'1'

r,:T(;;;1r.ilE-, A':+' (8)
(0<;<0,2), the wder ln[ate is fed maiuly by sta6c
iupplies (cone 1 in Fig. 2). Then' as t increases

Table 2

Varidion of the Values of xO andl{O as a tr\rnction of tlre Vatrue of

I l0-! I 0-, l0-! 0.192
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Fig. 2. Plots of the denendence of1) Qti Z) Es1; 3) Einf; 4) E', on the pa-

is thd de-

e!r/q*9,1 tbo,* instart, the inflow to the wder intake is almost

and the n'idth due to seepage from zone I.

- x0 YarY as a

wder thd usd to fldw into the river a1a1 and by
Elp andiit

ce from the river d'- vrhen tx0,2, is only 10%.
i = 1. this loss inc-reases sharply and reachesfor qg/o =

tlme

of pumpiag
by etatlc
lncreages

0.2to 102, the stdic suppltes decrease fiion
5 to 0.056, i.e., bV a factor of almost 10.
Ibe recharge of the wder tntake by infiltrdion

(rune 2 in Fig. 2) changes from 0 (t:0) to 0.1

value of 0.84 d t:102 (curre 3 in Fig. 2).
Ite total infLow to the wafer iutake from zone I;
(curve 4 in Fig. 2) d the beginning of pumping

of river wdrr 42%.

(0,1) consists of the dranrdown of the stdic sup-
ies dftle aquifer aad equale about half ofthe out-
t of the w*er intake q. As inllow from the body of
fer begins, the output {1 increases and reaches
I * r-1. The proporti6n of iofiltration wder in
is iaflow is 11%, thaf of static supplies 47%, nd

53%. Subgequently it contiaues to increase, but rela-
tively slowly and reaches 94% when onl{ r = 100'
this loes iJ smaller in zone II, where tbe river ts d
a gred distanae.-At the present time, the requirement in dr-inHngwa-
ter suppty ie met maiuly by sulfage- wder.- If we as-
sume itiai by the year Z-ooO half of the population qf re-
elons with &aitsbte ground-wd'er resources will use
fris wder as the best wder supply source and thd the
average wder consumption rde will reach 400 llter per

aav fv-tn* time, the elrpenditure of ground wder for
thdse-purposes will not exceed 15-16 tanll/year.

tti toltowing ground-wder sources can be used for
irrij*ion withoirt-detrimen!to the wder supply of the
popri*io", up to 30-35 Enl/year-oe.renewable dynanic
ruse"n"s ana upto 30 lonS/year of stdic reserves'

The annual use of 60-65 lo3 of ground wder for ir-
riedion (d ttre everage irrigdion rde for the USSR)

*i"U -rt" it possibleio lrrng*e about 6-? mitlion of
U"ctou". The use of progressive irrigdion uet'bods

@"rp; aerosol, subsoil irliBdion), the distrihtion of
irrii*ion wder orrer a close system, and better field

"f*"ri"s will reduce the imigdion rde (gposs) by d
ieast fS'-Zo%. This will make it posslbte to inerea$e
th"-rrua rra*r irrigdion by ground wder to 7-8 million
n"*o"" iustead of-the O.S mi[ion bectares irrigded
now.

Srrbsequently the loss of river wder increases and

r:lF it mbunts to 84% of the value of [r. At

Thus, the loss iu river runoff in zone I, cansed
tbe witbdraval W trnderground wder intakes of

/4.
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