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IDHODAAW/ D GUHFWFRP SDW/RQ RI WH DSSW P DIityH
(RIDUVKP |E SDUDP HWY Z1\W/\KH H[ DFVK\ GUOXTF SD
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and dyx comprises other unidentified differences.
The skin difference ds reflects the resistance corre-
sponding to the skin effects s. I. (VAN EVERDINGEN,
1953, EARLOUGHAR, 1977) e. i. the changes in per-
meability in the near-well zone, the reduction of flow
entrance area on the well screen etc. The differ-
ence d, corresponds to the effect of partial pene-
tration
d. = log(awad) (35)

[gM determined e.g. by Eq. (12)]. It can be, however
pre- eliminated at calculating the Z-value by Egs.
(10) — (12). The difference d¢ due to the flow turbu-
lence expresses the effect of the quadratically non-
linear resistance, mainly the turbulence within the
well. it is of importance at discharges reaching tens
and hundreds liters per second. It may be approxi-
mated as

antilog do + Q/ry e
dc = log

antilog do (36)
(antilog x = 10%, Q = discharge, r = well radius, T =
transmissivity). The formula has been derived
(Jetel, 1985ab) from generalized empiric data given
by CARLSSON-CARLSTEDT (1977) and GUSTAFSON
(1974).

Analyzing the distribution of the Z and Y values

After computing individual values of permeability
and transmissivity indices, we turn to statistical
analysis aimed at determining the statistical charac-
teristics of the distribution of Z and Y values in data
popuiations corresponding to particular lithos-
tratigraphic units, rock types or regions, first of all,
minimum and maximum values, medians Md,
sample arithmetic means M(Z) or M(Y) and sample
standard deviations sz and sy with the estimates of
generai popuiation standard deviations are to be
determined. The statistical significance of the stated
differences in sample means should be tested as
well. It is necessary to delimitate the confidence
intervals within which are Ilocated the true
(population) means with the specified probability.

Simultaneously with the computation of the char-
acteristics mentioned above it is useful to visualize
the identified distribution by histograms and quantile
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(frequency) graphs (JETEL, 1985a). The quantile
graph (cumulated relative frequencies graph)
makes it possible to asses the conformity of the
displayed data with the normal distribution model. If
the graph indicates pronounced deviations from the
normal model, it is necessary to verify the relevance
of the extreme values to the studied population and
to decide if the apparently homogeneous set of data
is not an intersection of two or more subsets with
theirs own distributions that must be studied sepa-
rately.

An illustrative confrontation of individual data
sets is possible by the "box-and-whisker plot" (e. g.
GUSTAFSON-KRASNY 1994, JETEL, 1994, JETEL-
VRANOVSKA, 1995) for which quartile values are to
be computed.

After expressing the statistical characteristics of
the distribution of approximative parameters Z and
Y, these characteristics are to be transferred to the
corresponding distribution characteristics of non-
logarithmic hydraulic coefficients — hydraulic con-
ductivity k and transmissivity T. After adequate
transformations, the minimum and maximum values
of the estimates of k and T as well as the medians
Md(k) and Md(T) correspond directly to the mini-
mum, maximum and median values of Z and Y. By
contrast, it is the geometric mean of a non-loga-
rithmic coefficient that is the statistical characteris-
tic corresponding to the arithmetic mean of a loga-
rithmic parameter:

G(k)

1}

antilog [M(2Z)+d-9]

10[M(2)+d-9] (37)

G(T) = antilog [M(Y)+d-9] = 10[M(Y)+d-9 (38)
where G(k), G(T) are geometric means of the re-
spective coefficients, M(Z), M(Y) = arithmetic
means of the indices Z and Y, d = total conversion
difference. Normal (Gauss) distribution of the loga-
rithmic parameters (Z, Y or other logarithmic trans-
formations) indicates lognormal (Galton) distribution
of the respective non-logarithmic coefficients (k, T).
The variability is characterized also here by the
standard deviation of logarithmic parameters (sz, sy)
as it is practically identical with the standard devia-
tion of non- logarithmic parameter logarithms (slog
k, slog T).

The choice of the averaging method of individual
k and T values depends on several factors. Large-

scale permeability tests (WITHERSPOON et al., 1980,
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Tab. 1 Specific elastic storativity Ss (from MIRONENKO-SHESTAKOV, 1978

H Rock Ss(m™)
Depth (m)
10-50 sand 0.007/H
clay 4x10%-7x10"
50-200 sand 5x10°-2x10*
clay 1x10%-4x10"
sandstone, siltstone 3x10°-1x10*
limestone, marl 1x10*-4x 10"

deep-seated aquifers

10°-10°
+ 1-2 orders of magnitude

Tab. 2 The most frequent vaiues of total, additional and skin difference at aquifer tests

d Md(d) da Md(d) ds Md(ds)
min. max.. min.  max.. min.  max min.  max. min. max. min. max..
hydrogeologic -0.15 +0.30 +0.10 +0.20 -0.20 +0.50 +0.10 +0.25
boreholes (+0.60)
less than 100 m
deep -0.25 +0.60 0.10
deeper hydrogeo- -0.10 +0.80 -0.20 +0.50 -0.20 +0.60 +0.10 +0.30
logic boreholes (+1.00)
small-diameter -0.10 +1.10 +0.30 +0.60 -0.10 +1.00 +0.30 +0.40 -0.10 +1.00 +0.30 +0.40
boreholes of mine- (+1.20)
ral deposits explo-
ration

d = total conversion difference, d, = additional difference, ds = skin difference Mg = the most frequent median values in
iarge sets of data possible more seldom values are given in parentheses

The hydraulic conductivity estimated from injec-
tion rate is often expressed as
k = Cs.gyl (50)
where C; is a dimensioniess constant (shape fac-
tor). Particular values of C; were derived for various
assumed patterns of flow about the test zone
(HvorsLEV, 1951, Louis-MAINI, 1970, ZIEGLER,
1976, GALE et al., 1982, CHAPUIS, 1989 and others),
but they yield very discrepant results. As follows
from the analysis of the relations between injection
rate and hydraulic conductivity, the shape factor C;
cannot be constant being actually a function of
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transmissivity and storativity (JETEL, 1993b). The
conversion of injection rate to the parameter Z'
implies the use of the conversion difference d for
estimating hydraulic conductivity. The injection test
conditions differ distinctly from both the steady-state
flow described by Dupuit formula and the unsteady
constant-discharge flow expressed by COOPER-
IAcOB approximation. As shown by DOE and REMER
(1980), the constant-head radiai flow model should
be used to the analysis of unsteady flow at injection
tests.

It is the choice o proper radius of influence rq
that is the key to the optimization of the conversion
difference value for injection tests. With this in mind




SLOVAK
GEOLOGICAL

MAGAZINE |

0.2 3 I J . e
3 ——— t=20min P 9
0415_—' . Iﬁ%// //
3 — t=10min ’//67/////J
E Sl ai it
E -
do g //? /r//
-0,13 . zZ s A
] - 1 A
3 / |
-0,23 ///
| Zl
E / //
-0,33 A
E -V
YA A
)
‘0,_: | I ) (5, 2 G B e G A L 3 5 [ 20 N D P
0 A 5 76

Fig.1. The basic conversion difference d, at water injection test as a function of permeability index Z', test time t and

estimated storativity of tested interval S

we adopted the approach suggested by DOE and
REMER (1980). The error in using steady- flow for-
mula (Dupuit equation)

Qs = 2nk sy L/ In(rd/rw (51)

(r¢ = radius of influence, r, = radius of ideal well free
of well loss, L = length of tested interval) rather than
the transient technigue can be quantified by prepar-
ing flowrate data versus time plots using the equa-
tion of constant-head unsteady radial flow (JACOB-
LOHMAN, 1952)

Q =2n T s G(y) (52)

where G () is the constant-head well function.
When substituting s, from Eq. (48) for the draw-
down s, Q; will be the injection rate in the time t. The
average flowrate Qy, over the period of time flowrate
data were taken is determined by integrating the
flow over the period of time in question. By compar-
ing step-by-step the Qi values representing the
average Q; from Eq. (52) in the final pseudostabi-
lized phase of the test with the Qs values from Eq.
(51) at varying r¢/L and k, the optimum rg/L value is

found as the value yielding zero difference between
Qz and Qs.

The analysis made by DOE-REMER (1980) indi-
cated the essence of relations between variables in
question. It is however insufficient to a generally ap-
plicable determination of optimum values of ry for
estimating hydraulic conductivity. In particular vari-
ants thevaluesL=3m, 2r, =79 mm and s, = 30
m were taken as constants corresponding to the
most cases interpreted hitherto. More detailed in-
formation on the computations and their resuits is
given by Jetel (1993b). Substituting the values of rq
for which Qs = Qi into Eq. (26), the optimum values
of d, were found as a function of the Z' and stora-
tivity of the tested interval. The resuits are shown in
Fig. 1. The computed relations are described ap-
proximately also by the following regression equa-
tions:

— for the test time 10 min

do=0.395 gt B 5 log S-1.330 (53)
— for the test time 20 min

d,6=0.348 2" -0.118 log S - 1.155 (54)
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