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TEST EVALUATION OF THE  FRACTURED FILIATRA KARST
& AQUIFER

d C. Tavitian*

ABSTRACT

The fractured Filiatra Eocene limestones comprise a karstic reservoir of
limited amount of fresh water. Five test wells drilled in this aguifer were
pump tested until a pseudosteady state was achieved after a relatively short
period of time. The semilog plots of these well tests are influnced by the wel-
lbore storage as well as by the double porosity of the aquifer. Using the
double porosity model and considering Darcian flow through the fracture media,
the calculated aquifer parameters for these limestones are: transmissivity
; 0.10x10! to 0.27x10* m*/s, and specific capacity from 0.26x10?! to 0.16x10%
m'/day.

INTRODUCTION

Ten test boreholes were sunk into the karstified Filiatra limestones by the
and Reclamation Survey of the Ministry of Agriculture. The shallowest (G-9)
being 85m deep and the deepest (G-18) 151lm deep. They were located on the
western flank of the Filiatra anticline (Figure 1). Five of them (G-2, G-9, G-
4, G-27 and G-5) were considered productive, whereas four (G-11, G-3, G-6 and
G-18) were considered abortive due to their very low yield. Well G-10 although
having a high yield was considered unsuccessful due to its high NaCl content.
e overlying neogene fine grained sediments encountered in some wells, were
isolated.

The groundwater flow in fractured aquifers has been studied by the assumption
f a continuum representation of the medium by using the double-porosity ap-
oach. This model introduced first by Barenblatt et al (1960), is used to si-
mulate the heterogeneity of the fractured formations. According to this theo-
ry, the fractured formation is considered to consist of blocks of porous rock
patrix separated by a network of intercomnecting fractures. The permeability
f the porous block is assumed to be small and the movement of the water to
pumped wells is assumed to be small. Hence, the movement of the water to produ-
ction wells is considered to be entirely through fractures. Moreover, it is al-
50 considered that the blocks of porous matrix, which have some primary poro-
gity and a very low permeability, act only like sources which feed the fractu-
es with water.

Two approximations are used to describe this leakage from porous matrix
plocks to fractures. The first, known as approximation of guasi-steady state
low, is based on the assumption that the flow depends on the difference
between the head in fractures andthe average head in blocks. The second (known
38 approximation of unsteady state flow) is based on the unsteady flow in po-

Dr. Hydrogecologist. Land Recl. Surv., Min. of Agriculture, 21 Zaimi Str.,
261-10, Patras, Greece

Wneiakn BiBAI0BrKkn "OedppaocTtog” - TuApa Mewhoyiag. A.M.O.
309




l'“.

1: Gecologic map or triliatra -

i

Lalyallalll QLca
i 7 J"l“-”' Ki (I YcHALAzZON 2 o -
S . p ig. 1
Fa O T ot
=T B e N g g Geglogic map of
1 ar C s E B
-l e - Fillatra - Gargaliani arean
2 b A0
I + ‘.‘\\r"'“' N LE & E N O
UopaeP X s 1 =
l/ BT " af veusiy
. | -5 B SR R i
E r - FILLAT
1 5= - MEayene A9 Flissesy t
- i I
II 63 |
Y Puammitin . murke Lo stanas
/* \\N G-~
’ i Sis S E IRiFoLI 15 TR
\ N T\ wisjeiens
\ 6 - o dnl3 5 Flonch @mams datfasnats
(R g dnatiaes in st
LI Al tme wapre fmpara Akep ikange
N _-_\' S Ta the b Mewsmie  iraplamars-
:9_.-_0.', ,uq e, S Esieas i
T 4 Fitintre Limeaisarn
_ l s e it
{ i 2 _—
— A — e — e ey
3 . .
\ ; ” F o Aasn 40 amtirtime Iintagat
e "‘“Lﬁ > L (U « ST IR P
= = fro i os 8 + 3 am
3 = AN g - = —
BB r“"“ ] Iuhn\k s ) \> ' ﬁ
1 -~ NS .
< |~ I ; . Iy
T 1 FLOKA .
w | W7 | A~ - PYRGOS
N ;
1 LN “\\ i &
w F : ! == < : - I
CHOCHLASTI ! 1= K 1ANT -
TPOLIS N = - 4 : g\a
N E b o . L
A < ./r._ .\\ R A o A
i

=
n
b
=
azh
Y

LY
=
- L
o ; e
T - L
- % (8] -4
5C AL E : [~
1 1 ' 3 A ,1': umzn . E LA el
E “w - +
Lo ¥ s D - g
™ - . -
Tha tram  Gastages WMap - fa neers FoA o s '
130 MO DO puAviaNee B LB ML etk b ] 0 ria - v
Seclay TRAGANA
-

Saitian a- A0

T8 3

ul W,

TR

310




5 matrix blocks. Various workers on flow through fractured media such as Du-
gfd - ang Lée HI977)) Boulton \and/istreltsovay, (1977), Huyakorn and Pinder
1983) , Huyakorn etjal (19830, Kallergis et al (1990}, and Tavitian (1993), ha-
e developed selutions for such cases using the double porosity model. All of
éEFmphave considered Darcy flow through the medium of fractures.

[ ;

/' GEQLOGIC SETTING ' _

#‘.The F{}iatra limestone horst-anticline of Eocene age in southwestern
Peloponne-sps belongs to. the Tripelitsa zone. It is medium-thick bedded
pi tumindusrand ‘its thickness reaches up to 300 meters (BP 1971). Compared
0. othet ouécrops of Eocene, limestones in western Greece, the Filiatra
Ymestones (Figure 1)s most Likely belong tof thHe Middle Eocene (Lutetian)
ge. After the somewhat he-tercgenous history of deposition and erosion in

detrital limestones with rare beds of chert. A bauxite horizon at the
Middle and Upper Eocene junction (Koroni-Pylos-Schiza Geological mapsheet,
I , 1980) probably indicates an intervening phase of weathering. It is
thus highly probable that extensive erosion intervened be-tween Lutetian
and Bartonian deposition.

FLOW TEST EVALUATION
In well tests of fractured rocks a descriptive approach is a search for a
well defined “theoretical reserveoir” whose response H to the same stress Q is
5 close as possible teo that of the actual reservoir S. The response of the
eoretical reserveoir is computed for specific initial and boundary conditions,
which must correspond to those of the actual one. This is the “direct problem”,
H=0S (Kallergis et al 1992).
. The log &H vs log &t plot is the best tool for revealing the distinctive
impact of the various comonents of the theoretical model. Such components are
wellbore storage expressed by proportionality of &H and &t at early times (Ra-
mey 1970, Gringarten et al 1975, Cinco-Lay and Samaniego 1978, Gringarten
1982) . This implies that a straight line of unit slope passing through early
time data is usually indicative of wellbore storage. A high-conductivity fra-
cture with constant inflow, tapped by a well, yields a log dH-log &t straight
line with constant slope. This slope depends on the conductivity of the fra-
cture.
This theoretical model is further complicated in the case of coexistance of
one or more of the components with “transitional” radial flow, spherical flow
or pseudo-steady-state flow at late time data.
Each pumping test of the five boreholes mentioned is analyzed below and
eir hydraulic properties are listed in Table 1.

ple 1l:Groundwater hydraulic parameters of the Filiatra limestone aguifer.

Well Transmisivity Specific Capacity|Characteristic Graph
| Number (mzlsl (mzlday) Equaticn
2 | 0,27x1073 to 0,65x1073 0,31x10° 1 -
g | o,13x107! 0,61x1073 -
a | 0,10x1072 to 0,08x1072 0,98x10™ 2 AQ = 19,7 AH
27| 0,10x10"1to 0,35%x1071 0,16x10° 1 -
s | 0,29x1073 to 0,68x1073 0,26x10"1 -
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. {a) Borehole G-2
This wellllies 1. 5km/northeast of Filiatxa-town. It encountered 4m of
Pliocene loose sandstones underlain unconformably by 116m of highly fractured
_sand karstified-Eocene limestones (Figure 2). The thickness of the saturated
« zone is 28m.

Figure 3a is the semilog plot of the pumping test data. The drawdown of the
single stage 24 hour pumping test with a constant discharge of 22 m’/hr is
15.76m . ~Fts specific-capacity is0.3x10* m’/day. The “early time period” lasts
less' than 3 minutes. At intermediatetimes (3 to 1380 minutes) the double poro-
sity effabt of the fractured and karstified limestones is observed. At relati-
vely longer times (>1380 minutes) the head ifi'the well is stabilized (pseudo-
steady-state) which can be attributed to a constant head boundary, and the fra-
ctured reservoir behavior is eqguivalent to a homogenous porous medium.

Figure 3b is the semilog plot of the recovery test. During the “early time
pericd” {(first 3 minutes) recovery is relatively fast. The residual drawdormi
during the first 3 minutes is 0.0Bm. At intermediate times from (3 to 165 minu-
tes) there is a transition from fracture flow to double porosity flow during
which the residual drawdown remains constat. At 180 minutes of recovery the re-
covery of the initial head is restored. :

Figure 3c is a blow up plot of the axis of the residual drawdown at interme-
diate times of the recovery test showing clearly the double porosity effect}
which is not so clear in figure 3b.

The transmissivity of this fractured karstic Eocene limestone as calculated,
ranges from 0.27x107 to 0.65x107° m*/s.

(b) Borehole G-9
This well lies 2km southeast of Filiatra. The geological formations encountered
are: upper Pliocene 10m thick sediments resting uncorfomably on 75m of fractu-
red and karstified Eoccene limestones (Figure 2).

Figure 4a is the semilog plot of the pumping test data. The drawdown of th
single stage 12 hour pumpung test with a constant discharge of 61 m!/hr :
0.09m. Its specific capacity is 0.61x10°* m’*/day. The double “porosity effect
of the fractured and karstified Eocene limestones at intermediate times i
clearly observed till the period of 360 minutes. At relatively longer time
{>360 minutes) the head of the well is stabilized (pseudo-steady-state) ,
can be attributed to a constant head boundary, and the fractured reservoir be
havior is equivalent to that of a homogenous porous medium.

this graph, recovery 1s rather slow. The transition from fracture flow
double porosity flow is immediate. This lasts for 510 minutes. At 510 minutes
the recovery of the initial head of the well is restored.

The transmissivity of this fractured and highly karstified Eocene limestone
as calculated is 0.13x107! mi/s.

{c) Borehole G-4

This well lies 6km southeast of Filiatra. It encountered 42m of upper Plie
cene fossiliferous deposits {(calcarenites, blue marls, sands and clay) res
unconformably on 65m of fractured and karstified Eocene limestones.
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2: Lithologic sections of the ten boreholes in Filiatra Eocene Limestones
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data of

of this fractured and
karstified Eocene
limestone aquifer as
calculated varies from 0.10x10"
2 te 0.0Bx10°? m¥/s.

{d) Borehole G-27

This well lies 3.5km SSE of
Filiatra. It encountered 98m
of fractured and karstified
Eocene limestones (Figure 2).

Figure 6a is the semilcg plot
of the pumping test data. The
drawdown of the single stage
12 hour pumping test with a
constant discharge rate of 120
m’/hr is only 0.47m. Its spe-
cific capacity is 0.16x10° m?*/
day. The “early time flow pe-
riod” lasts less than 3 min-
utes and is entirely dominated
by the wellbore storage effect.
At intermediate times (3 to 540
minutes) the double porosity
effect of the fractured and
karstified Ecocene limestone is
clearly seen. At re-latively
longer times (>540 minutes) the
head of this is stabilized
{pseudo-steady-state) which can
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(e) Borehole G-5

This well lies 5.5 km SSE of Filiatra.
The geological formatiocns encountered
until the final depth of 135m are: 97m
o Wbl s of upper Plicocene deposits (composed of
o ! 9 e 15m fossiliferous calcarenites, 75m of
marls, pebbles and sands, 5m of clay,
and 2m of basal conglomerates) resting
unconformably on 3Bm of fractured and

karstified Eocene limestones ({(Figure 2).
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Fig. 4b:Semilog plot of recovery test
data of well G-9

Figure 7a is the semilog plot of the pumping test data. The drawdown of the
single stage 12 hour pumping test with a constant discharge of 25 m’/hr is
15.51m. Its specific capacity is 0.26x10! m’/day. The “early time flow period”
lasts less than 4 minutes and is entirely dominated by the wellbore storage ef-
fect. At intermediate times (4 to 690 minutes) the double porosity effect of
the fractured and karstified Eocene limestones is clearly cbserved. At rela-
tively longer times (>690 minutes) the head in this well is stabilized (pseudo-
steady-state) which can be attributed to a constant head boundary, and the fra-
ctured reservoir behavior is equivalent to that of a homogenocus porous medium.

Figure 7b is the semilog plot of the recovery test. During the “early time
period” recovery is very fast. The residual drawdown during the first 2 minutes
is 0.48m. At times greater than this there is a fast transition from fracture
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Fig. 5a:Characteristic graph of well G-4 (yield wvs drawdown curve)
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f to double porosity flow. At 900 minutes the recovery of the initial head
of the well is fully restored.

Figure 7c is a blow up plot of the axis of the residual drawdown at interme-
diate times of the recovery test showing clearly the double porosity effect
which is not so clear in figure 7b.

The transmissivity of this fractured and karstified Eocene limestone agui-
as calculated varies from 0.29x10* to 0.68x107 m/s.
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._'. 7a:Semilog plot of pumping test data

ific capacity 0.3x10!' m*/day.

% the equation AQ = 19.74s.

of well G-5

CONCLUSIONS
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iy sL4Dm of fresh groundwater
By - which has been tapped
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M~ proach for fractured
L rock reservoirs and by
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each well are thus cal-
culated.

3. The various hydraulic parameters of each well as calculated are as follows:

(a) For well G-2, transmissivity, T = 0.27x10° to 0.65x10° m’/sec, while its

{b) For well G-9, T = 0.13x10"! m’/sec and the specific capacity 0.61x10"* m?/

(c) For well G-4, T = 0.10x107? to 0.08x10? m*/sec, whereas the specific ca-
city is 0.98x107 m’/day. The relation between yield and drawdown is expressed

(d) For well G-27, T = 0..10x10"! to 0.35x10"!' m?/s, and its specific capacity
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1 Ef.:'::": ’i Deubie Poresily Eftec ' N = 0.16x107 m,/day.
)
018+ | (e} For well G-5, T ¢
Ly 0.29x10* to 0.68x10 m?/sec,
' while its specific capacity
0.26x10! m*/day.
_°-"_‘{ REFERENCES
Wy BARENBLATT, G, I. ZHETLOV
ek and I. KOCHINA (1960): Ba-
sic concepts in the theory
o3 of seepage of homogenous.
83 (m) liquids in fissured rocks.
0.08 5 J. Appl. Math. Mech., Vv
24, pp. 1286-1303.
D06+ BEOULTON, N. and T3
STRELTSOVA (1977): Un
0.04 steady flow to a pum
1 well in a fissured water-
0.02 bearing formation. J. ©
. Hydrology, v.35, pp. 257-
A1/ Imin)
Y Y LA L 269.
01 ! 10 100 1000 | BRITISH PETROLEUM Co. Ltd.

Fig. 7c:Semilog plot of recovery test data of well G-5 (1971) : The geological

sults of petroleum explo-
ration in Western Greece, Inst. for Geol. and Subsurface Research (Edi-
tor), No 10, Athens 1971, 73p.

DUGUID, J. and P. LEE (1977): Flow in fractured porous media. Water
sources Research, v. 13 (3), pp. 558-566.

CINCC-LEY, H. and F. SAMANIEGO (1978): Transient pressure analysis
fractured wells. Dallas Soc. Petr. Engin., SPE- 740.

GRINGARTEN, C.A. (1982): Flow-test evaluation of fractured reservoirs. Ii
Narasimhan, T.N. ed., Recent Trends in Hydrogeclogy, Geol. Soc. America,
Special Paper 189, pp. 237-271.

GRINGARTEN, C.A., et al., (1975): Applied pressure analysis for fract
wells, Ibid, No 27, pp. 887-895.

HUYAKORN, P., B. LESTER, and C. FAUST (1983): Finite element techniques
modeling groundwater flow in fractured agquifers. Water Resources
search, v. 19 (4), pp. 1013-1035.

HUYAKORN, P. and G. PINDER (1983): Computational methods in subsurfact
flow. Academic Press, Inc., New York-London.

HYDROEREVNITIKI Co. Ltd. (198la): Construction of boreholes for the
Hydrogeologic study of Trifylia-Pylia. Technical Report, wvol. A: For th
Directory of Land Reclamation Survey-Ministry of Agriculture, Greece,
50p. {in Greek). ]

HYDROEREVNITIKI Co. Ltd. (1981lb): Construction o¢of boreholes for
Hydrogeological study of Trifylia-Pylia. Vol. B: For the Directory
Land Reclamation Survey - Ministry of Agriculture - Greece, 150p.

INNSTITUTE FOR GEOLOGICAL AND MINERAL EXPLORATION (IGME) (1980): Geologi
Mapsheets; (a) Filiatra, and (b) Koroni-Pylos-Schiza, Scale 1:50,0
Athens.

Wneiakn BiBAoBRkn "@edppacTog” - Tunua MewAoyiag. A.M.0.
320



~Wngiakn culdoyn “?

srcrs G, nl | BamerakEs,| O WAVITIAN and B. TINIAKOS (1992): The
y@rogeoloqa.cal behavior of the ophiclitic complex of Dimena - Nea
: ﬁ $ @P ET Greece). In “lst Panhellenic

» Hy' m-. by the Cyprus Asscciation of
*Geolagg.sts and Mining Eng:.neers, Bull. 6, pp-. _1’?-33, Nicosia, Cyprus.

: o J'qu"rlljﬁmr ﬂﬁll test data interpretation in the
pre!;e‘nce n effect and we lbore storage. Journ. Petr. Tecn., v. 22,
N6 1, pps 97- loﬂ I'll
LTIANS"C. (1993 Analysis and evaluati Q pumping test data from a

. V'S S : s =5 of the X}IVth IAH Congress
held in Oslo 28th June-2nd July 1993 pp. 349-367.

Wnoiakn BiBAI0OAKN "OedppaacTog” - TuRua Mewloyiag. A.MN.O. 321






