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zones the crystalline rocks are considerably modifi ed In such a way that the
rocks acqulre characterist ics of an ideal sedimentary aquifer.
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Simulation of groundwater flow in unsaturated fractured hard rocks has recelved
considerable atten tio n in the last two decades. One of the reasons for study ing
water tlow In this partic ular tvpe of porous medium is to investigate potentia l
safe storage faclli ties for geofoglcal disposal of high-Ievel nuclear wastes.
Common numerical simulatlo ns of water flow In porous media rely on the
continuum approach, where the solut ions of the partla l dlfferentlal equations
require expressions of bolh waler conlenl and hydraulic conducti vlty CUrves in
terms of pressure head. In the hydrolog y Iiterature several constitutive models
have been proposed for sedimentary rocks but unfo rtun ately these models are
vlrt ually nonexlstent for fractured hard rocks. Thus, classical models developed
for grained 50115 have been borro wed to represent constitutive relatlons for
fractured rocks, The objecti ve of thl s communication 15 to present a physlcal
conceplu al model for water ret entlon In self-slmllar fraclured rocks.
Self- simllarity is th e major Identlf ylng featur e of a fractal behavior and thls
property has been observed in fracture networ k stru ctur es of dlfferent geological
form atlons. In thi s study the Slerpinskl carpet, a c1asslcal fractal object, 15 used
to describe the geometric patt ern of a fract ure network using appropriated
cut -of f values. The expression obtained for the water content ís c1osed-form and
ali its parameters can be calculated from the denslty of the maln fractures and
the maxlmum and minimum values of the fracture apertu re. The proposed water
content model 15 then used to esti mate t he reiative hydraulic conduct ivity of the
fractured media based upon the well-known Bourdlne mode!. IIIustrative
examples show that the shape of the water content relati on is strongly
dependent of both density and maximum fract ure apert ure whlle the relati ve
hydraulic conductivity is maln ly affected by the last parameter . Finally, it 15
import ant to remark that for small enough values of the fract ure apert ure the
new constitutive model converges to the emplrlca l Brooks-Corey mode!.

186-38 Poster Kim, Kue-Young
INTERPRETATION OF AQUIFERTESTS IN FRACTURED ROCK AQUIFER
KIM Kue-Young ', LEE Cheol-Woo ', KIM Yongje ', WOO Nam-Chll '
1 - Korea Institute of Geosclence and Mineral Resources
2 - Dept . of Earth System Sclences, Yonsel Unlverslty
Keywords: aquifer test ; fractur ed rock; GRFmodel; supply factor
Hydraulic analysis of fractured rock aquifer was performed uslng a slmplif ied
model based on aquifer tests. In order to analyze the hydraulic character lstics of
aquifer at the study slte, aquife r tests were carr led out In fractur ed rock.
Experiments were performed using th ree boreholes that were ava ílabte at th e
site . Applying generallzed radial flow (GRF) model to Inter pret hydraullc tests ,
the flow dimension was estima ted to be nearly 1. Although th ere was no source
bed identified by geolog lcal and geophyslcal Investigations, a conceptual model
is assumed to be one dime nsionai leaky confined aqulfe r based on th e idea that
around the major fractures th at acts as a main aqulfer, rnínor fractu res are
Interconnected each other. These Interconnected minor fractu res functlon
analogously as a source bed at a leaky confined aquifer . Analytica l model 15
proposed conslderi ng the supply factor and recharge factor, and t he dimensionai
and nondimenslonal boundary value problems are solved for hydraull c head
using a Laplace transform technlque. The results are obt ained by the numerlcal
Inverslon of th e tran sform ed solution. An evaluat lon of the solutlon wlth regard
to parametric sensitlvlty 15 conducted and the results Indicate that recharge
factor doesn't affect slgnlficant ly to the head as compared with supply factor. In
addltlon, as a result of aqulfer tests for th e dlfferent pumping rat es and pumping
tim e, it shows th at th e velocity and th e contlnu atlOn of hydrauhc pulse
generated by the aqulf er test 15 proportlonal to th e magnitud e and the perlod of
hydraull c Impact . The model proposed in thl s study slmpllfled a complex fractur e
networ k and analyzed aquifer tests easlly .
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The investlgat lon of geologlcal

l
geophyslcal, hydrog eologlcal, and geochemlcal

propertl es of fractured crystall ne aquif er was carrl ed oul. Aquifer test was
performed on five boreholes of 14S m depth to determ ine hydro loglc anlsotrop y
and major groundwater flow dlr ectlon In the aqulfer system of th e study area.
With an assumpt ion of the aqulfer 's anisotropy and homogeneit y, major and
mlnor transmisslvlty were determlned to be 12.21 m2/day and 10.47 m2/ day
respectlvely, and prlmary tensor dlrectlon for each borehole were also
determln ed. The anlsotropy ratlo 151.17, and the boreholes are hydraullcally
well connected.Borehole core logging, var lous geophy slcal well logglngs,
groundwater geochemlcal analysls and tracer test were engaged In
understanding groun dwater flow charactenst lcs. The chemlcal composltio n of
groundwater In above and below the depth of 60-70 m was cont rolled by
groun dwaters In different orlglns. The h,gh dlssolved lons In ground water below
th e depth is caused by the inflow of th e ground water In carbonate basement
rocks representing the upwelling of the deep grounwaters In t he boreholes.
Hlgh DO F and Cf as well as low pH In the groundwater sampled at the depth of
60-70 m' lndicated the connectivity of the fractures developed In the depth to
the shallow depth of fractu res, which was conformed by th ermal trace r testoThe

trace r test was performed with NaCI of EC 20,200 ~S/cm and CTD diver to
detect the tracer at the observation well . The depth of Installatlo n polnt of diver
was determlned by prellmlnary t racer test that Includes thermal and conduct lv'ty
t racer tests. The anti cipated aquifer zone was around 15 m and 70 m depth
from the surface. At the shallow depth th e concent rat lon range of tracer was
0 08-0 11 and the arrlva l t ime was 13-31 minutes. An unusual phenomenon
aj,pea r~d at the boreholes BH-4 and BH-5 that shows two breakthrough curves.
It seems th at the tracer has transported through two channels.Based on the
result s mentloned above the data obtalned from heat-pul se flowmeter test and
tracer test were engaged In the conceptual groundwat er f10w mode!. As a result,
in borehole BH-l, the permeable fracture s were located at 7 polnt s between 10
m and 71 m In depth and In BH-5, at 10 polnts between 15 m and 83 m. The
f10w path through fractur es between BH-l and BH-5 were determlned at 15 m,
67 m, and 71 m in BH-l , and 15 m, 17 m, 22 m, 72 m, and 83 m In BH-5 .
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This work presents the study of a fractur ed aquifer located In crystalline terrain,
In th e eastern port ion of São Paulo State, Brazll . Remote senslng, alrbo rne
geophyslcal data, photogeo logy Inte rpreta tio n and geographical information
system (GIS) technlques have been used. Lineaments, morphostructu res, joi nt
zones and slope maps were produced and geologlcal, geomorphological,
pedologica l and weather ing mantie thickne ss maps have been digitalized. The
first analysis consisted on eross tabulation between these maps and well yield
data (specific capacity) using a GIS system .The results of these analyses had
assisted to Identi fy th e groundwater prospect lve parameters, in a
fractu red-b edrock aquifer. 50, with these analysis and bibllo graphic review, a
hydrogeological model was defined. Thls model 15 the base for this favorabili ty
analysls whose prin cipie 15 based on the knowledge-driven method.Expert s
(geologists experienced in bedrock-fractur ed aquiters) had attn buted welçhts for
each one of the factor s and Its respecti ve classes, In the questionnair e form oThe
final values had been attribut ed by the authors (scale of O to 10), based on
expert opinion s and lhe analysis results .The ident ified pro spectiv e parameters,
In th e Increaslng order of Importa nce are: IIneaments (dlstan ce of IIneaments
and dlstance of Its Intersection), Iitholog y (Iitholog lc types and distance between
geologlc contacts), density [olnt zones, morphostru ctur es, slope (O to 30
degrees and greater that 3Ó degrees), geomorfology (morphologyand ,
dlssecll on), 5011 type and weatherlng mantie t híckness.The rnuttkntería analvsts
( index overlay method) was carr ied out to give a ground water favorablhty map,
because the prospective rarameters have diff erent welghts of írnportance and
dlfferent classes Inside o each parameter.The groundwate r favorabílttv map,
with classes vary ing from O(Iow favorability) to 10 (h lgh favorabllitv) was tested
(cross tabulation) with new well yleld data and sprlngs occurre nce. The wells
with the hlghest values of productlvlty, as well as ali the sprlng s occurrence are
sltuated In the favora ble and very favorable mapping areas. It shows good
coherence between the prospectlve parameters and the well yie ld and the
Importa nce of GIS technlques to defin itlon of target areas for detall study and
wells location.
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By hydr ochemlcal researches In 2003. of ground~a ters In National park ,
Kopaonlk, were discovered springs with concetrattons of radon wích enable theír
categorlzation In radloactive mineral radontc waters . Forrnat íon of thls ,
radloact lve waters 15 genet lc In relation with fractured zones of qranodtorlt e
massif wlch possess hlgher natural radioactlvity according presence of minera l
uranium. Mountain conditio ns plus mineral radonlc waters, wlch equatlv
beneficlaly react lng, at firs t place, on blood and nerv system, can do, wlth ali
natur al beaut ies w,ch possess Kopaonik th at thls mountal n become important
balneotherapeut lc center.
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Groundwal er with high pH values (>9.5) is known as hyperalkalln e water. So
far knowledge about hyperalkallne waters in Serbla was mostiy relied on area of
western part of Zlatlobor ult ramafites massif (Mokra Gora, area of Kremna,
rlvers Rlbnlca and Crnl Rzav) . Thls area 15 located In th e western part of Serbia
and characterized by great number of hyperalkallne wate r occurrences (about
20), where some of tho se have been used lI),balneol~~ lcal purpose,
already.Hypera lkall ne thermomlneral water Skakavcl 15 locatedsouth of
Dlvcibare (village Skakavci) and relied on serpentlnlted harzburg'tes and
destroyed zones wlthln these rocks. Water 15 extracted by vertica l, dn lled well,
800 m deep, with yie ld 0.5 1/5 of free outfl ow. By well logglng mamly fractured
and destroyed serpent inltes with occurrences of caverns were recorded unt.1
compaet Intcrvals are p r e sent occaslonally.Wate r 15 characterized by v ery h i9h
value of pH= 12, temper ature of 25.7 oC measured at free outfl ow, and spec'fic
physlcal-chemical composltl on wlth maIn lons Ca, Na and OH. Durlng the
pump lng test 7 days long, with capaclty of 8 1/ 5 and with water temperature of
33 oC Na-lo rÍ content remar kable Increased in comparlson wlth its content In
free o~tflow regim e. Durlng the pumplng test, white coloured deposlts, probably
MgC03 appeared at the pump Inlet.Hyperalkallne thermomlneral water
"Skakavcl' - Dlvcibar e 15 a new occurrence th at wlll be object of futur e
Invest lgatl ons. Thls water, concernlng its temperatu re and speclflc chemlcal
composlt lon on the basls of emplrlc gath ered experlences, can have w.de usage
as "rare" cu;atl ve mineral water with thi s capacity and quality . It should be
emphaslzed that hyperalkallne Ca-OH water can have a grea t balneologlcal
value In externai appllcatlon (bathl ng) then skin dlseases, kidneys dlseases and
gastritis medicai tr eatm ent regardlng Its stable physlcal-chemlcal compos't .on,
bacterio l091cal sterillty and hlgh pH value.
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The Flrenzuola tunnel (m ore than 15 km In lenght) 15 a part of the most
Important tunn elllng work actually In progr ess In Italy : th e Bologna-Florence
new Hlgh Speed Railway. The tunn el crosses the North ern Apennlne range, a
large orogenlc wedge malnly made up of tur bldlte complexes of Oligocene to
Mlocene age. The Investigated area 15 envi ronmentally valuable to the exte nt
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