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Hydrologic investigations for water resources,water
pollution and civil engineering operations using
isotope techniques

U. CHANDR A", W. DR OST, II. )IOSEH all,1 ~- . NEIDIATER

I ,,<til"lJiir R",lioT'Y'lrolllelrie der Ge,,,ll.,d...JI [iir SlmTUeIl- ,,,,,1
Ut/lWeltjOrsclIW'1, ,lltmie" (F. /I . G. )

(/leeeiffil 10 .IIllre" 1977)

AHSTH.-\GT. A number of hydrcloglo sl wlil"(I, for gro undwnt er n:'fo( lurOt-'''. water l'ulllltiuu :tI; cl civil f"ugim'Criuj,C
inYl'l'ti.L:'ltinnll are reported . )L'altll ring met hod Kn41 iuet run u-ntar ion Cl t·'''t·I41p('(I I Il.II'I~'' lI no olll1iIU 't L. 'fhf' Iie-hl
~t \ll lil'14 C<lrn l'" out in alluvials, co\"PI"NI in,"l' "li ~n ti(} lU' fur l,:tllll ltJIriFUH of borehole cli lutiull tt dmi'llll' nn41 (Am"l'll 
tlonal pumping teHtl'; gro undwater supply lU nn ind nHt.rinl plan t ; instal lation of II wr-ll /.Cu llf·r)· for ,hink ing
wuu-r in l~ \.,l lle.rt dete-rmlnatlon uf p rotecrion ZOIU' flf 8 J'Unlpi,'j.{ toilt'; pollut'on o f grlHlHll wuter nro llll ll gar lm...."C

11111111'" 1II1cl nuclear ill l'llalllltiollll; 0l1l18tnlcl inu o f fuum lnt iHIl"; flf.°l'l'lIj.{t· flom ,L"JIll!et e. Tho in\"cbl i ~llt i<IlK ca'Til,,1
in fraetu rod and kH.ft'l to uqnifcre iu ohl llt·c1 fil·ltl U1t'U6UI'f'JIll'l\ III IIf. lIf.'t° IIll~l· ru tt'R(If 1I l lnm built. i n Iml'll lt ic 114Ju i ft'J';
Ildl'J"llIinat ion u finfll)w in II karllt io w{·II. Th e llOlMlihility c lflll"ll llllri u~ \"rtieul tlow of ground water ['\'('1\ in borings
in fradm'l·tl Or kaI'8f.i'· /Hluifer hna IM 'PH pra ctically dcmonstmtcd. -

be deserihed hv universal valid Iaws (:.\Iost·r and
Neumaier 1957: Moset ti lU60).

If II groundwater column of a lnrelule is
Libelled with rad ioactive tracer solution, th e di lu
t i.m of the radioactivitv is a function of horizontal
fil\\" of grJW1<l\\""at.cr thr;)ugh th~ borehole. The
horizontal flltrution rate ''I ill S JfI rock aft er un i
Ionn mixing of the radioactive tracer can be ex
pressed by:

where r-=int,crllal radius of the hordlull" ('I" c=
C -noenrrutions of the tracer at time 1=0 and
t=t respectively. c -e correct.icn Iactor for How line
11i:itJrti,m du e to the presence uf borehole.

Experimental and theoretical requirements for
successful implementation of thi s meshed have
been carefully worked out ill t he last decade
(1m, GSF 1963-j l ; I lalevy a at. 196j). Usimr this
method filtration velocities of about o , oOll1~/clay
were detected in model experi rnents (Klotz and
M,,~er 1969). Thc higher limits of velocity th"t
can be mea..sured are :,{,)vcrUt:'tl hv Durev' s law of
laminar flow and Illay lie in the ·ranllt~ ;)f :!O-3C H)
m/tlaY', 'i.e., within the range of velocitie s t.hat
can easily occur in coarse gravel s a iul IUluifers
subject",d tv heavy loacls (Klutz 1971).

1. Introduction

For tho la.'it decade tracer techniques eluplo)" ing
isotopes have heeu used incre asingly for success
ful investigation of groundwater problems. The
application of these techniques have shown that
in many cases they not only confirm the results
obtained by classical hydrological methods hut.
as an alternative they provide more infornintion
and immediate answers to Home hydrological
problems (Feely .1 01. 1967; Harpaz eJ 01. 1963;
Drost 01 01. 19H; Drost and Neumaier 1974). The
possibili ties of application of these nuclear tech
niques for investigating water resources, ground
water pollution and groundwater problems iu
civil engineering are being reported . A descri
ptiou of t he genera l techniques and the necessary
ill•strumentat ion used during these investigat jcns
is also describ ed.

2. Measurins: methods andInstrumentation

The measuring methods include single borehole
techniques which are used for determining fil
tration velocity, direction of flow and vertical
curre nts of grou ndwater in a boring. The appli
cabilit y of these siugle borehole techniques depe
ucla on the knowledge of groundwater flow Iiues
at the site of the horing. In alluvial grave ls and
sands, the laws of groundwater movement have
been investi gated in detail (IfR, GSl<' 1963-71 ;
Ilalevy 0101. 1967), but on the other haml wllter
IlIOvcmeut in fractured lind karsti c rock cannot
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