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ABSTRACT

A hydrodynamical testing method based on pressure change
measurement of high sensitivity is described. The authors
present the application realised on a mine site of karst

water danger; the scheme of the measuring method, it is
development with noise filtration and the simulation model
used for developing the measurements in heterogenous continuum.
The applicability and the economical advantages are shown on
the basis of experimental results.

1. Hydrodynamical tests by applying pulsaticn and pressure-
change measurement of high sensitivity

The principle of the test is that pressure change is induced

in an aquifer by means of production or injection of a well
constructed properly. The pressure change is recorded by head~
meters installed into one or more observation wells located at
different points of the field. The flow and non-flow state of

the pulsated well are changed periodically. The periodicity
increases the rehability of the evolution. The specific trans-
missibility and storage coefficient can be determiped with
accuracy depending on the density of the point measured and on
the amount of other information. The accuracy of technique
applied in Hungary is 0.1 mm water column. The static water

level referring to the well head may range from minus ioo meters
up to 200 bar over pressure. Interference tests by applying puls-
ation of higher sensitivity require shorter inducing period and
measuring time besides a lower stimulator capacity. The checking
time of the measurement is proportional to the velocity of trans-
mission. The shorter checking time provide informatvion referring
to smoller area.
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A measuring technigue of high sensictivicy is abplied

regularliy for:

- determining the cave-~volume

- determining the volume of aquifer with limited rechage

-~ measuring of the porosity by means of lunisoiar effect
registration

~ detecting the water level changes in deep wells

~ similar measurements in gas and oil fields.

2, The evaluation of the interference test based on
pulastion by using the method of ncoise filtration with

periocdical summing up

Nowadays it has been proved that the interference test by
applying pulsation including hydrodynamical test extends the
list of useful methods and the information referring to under-
ground reservoirs. The head meters of high sensitivity, how-
ever, detect numerous ,natural and artifical/ noise components
superimposed on the signals to be measured. The method present-
ed below briefly was develoved for the interpretation of high-
er reliability.

During the measuring process the pressure of a specified point
of the field is induced and the pressure changing versus time
is monitored at different points of the field. Since the para-~
meters of the equations are in the explicite and implicit terms,
therefore the solution must be a numerical mathematical method.
The set of induction at a fixed point of the field, the set of
pressure-changes at another point and the transmission equation
are given. The task is to determine the constants /field para-~
meters, of the terms of the equation, but to take into consid-
eration that the registered data are disturbed by noise of un-
known quantity and intensity. Separation of the noise is rea-
lised by summing up the time-dependent signal of changes in
several induction periods. In this case the signal-noise ratio
increases by square root of the summed-up number of periods.
The procedure is developed for analysing the early time trans-
ients and consequently the . invariance of the time is also taken
into account. The applied method is the curve-fitting approach
with personal computer. Because of the fast convergence of the
procedure manual calculation is possible in case of more simple
transmissing eqguation and pulse-signal set. The interpreatation
is very simple and fast in case of integral-exponential funct-
ion given for unit the step of the putr signal and square-low
sigual set of the stimulator function., In this case the evaluat-
ion can be carried out by using a table set precalculated. The
presented one was developed for homogeneous rfield basicly.
However, the method can be enlarged for different versions with
exchange of the transmission equation.

About half of the measurements carried out ip Hungary between

1976-1983 could be evaluated without the method of noise filt-
ration. Seven percent of the measurements gave no new informat-
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Lon withh the metnod presentad. [hough wthe aseful signal l:o
0.43 mm only and at the same time the backgrouna noise is
loc mm w.c. in order of magnitude, the procedure presented
can provide an accurate evaluation of the useful signal.

3. Analogous simulation model of hydrodynamical
tests for persomal computers

The origine of the most part of the used hydrodynamical
evaluating method is the analytical solution of the flow
differential equation. Its field of application is limited by
a lot of supposition. The inhomogenity causes difficulties
when calculating rock parameters in case of smaller volume
mainly in fissured karstic reservoirs.,

There is a possibility for estimation by using location and
measuring process variants fittire to the character of the
reservoir and by selecting of the proper interpretation.
But there is some chance of miscalculation.

The application of a model which can control the approximat-
ions of morphology and other heterogenity is highly necessa-
ry to increase the reliability and accuracy of the interpret-
ation. This kind of special purpose program can be handled ei-~
ther in high number of wvariations or by using human interven-
ing repeteadly. In both cases the running times are considera-
ble even on computers of high capacity. This program is to be
handled by an expert of hydrodynamics using personal comput-~
ers with advantage.

The principle of the model construction was to apply less
mathematical abstraction, with the aim at allowing the users
to define a comprehensive physical scheme. The built in functi-
ons are mass transport equations at present, but the turbulent
and heat flow and diffusion equations can be added easily.

The physical field is transformed with square-shaped nodes,the
center of which represents the storage capacity and the_ inho-
mogeneous hydraulic transmissibility is represented on the
interfaces perpendicularly. Besides these three parameters the
potential of each nodal point is stored in the computer wemorv.

The basic lcgic of calculation is, that the five nodal points
connected with each~other tend to eliminate their different
initial pressure. The change of the potential withinp a time
step is calculated for each nodal point repeatedly.

The size of nodes is arbitrary, but the increase in the pumber
of elements effects the running time exponentially, because
the time step must be reduced proportionally.

The initial potential values are set by code as input data {or
each node. However, there is a possibility to load an opticral
potential field and stored in the memory at each start of the

DroSTram.
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Iifferernt voundary conditions are ;o
sub~-routins. For example, the node witi o
:aAr e Droduce with reserting the inivtia.
counaazrres of a fairiyv large area being modsised o
cvele, The system Tequires no specicl manipulations
rs ol closed boundaries,

.

1]

The model was verilied with simulation of saimple homogeneocus
Tlow systems publ ed in the literature. At least four nodal
points wer?2 needen Jor simulation between the simulztred anag
observed points to reach the accuracy, which matcnes the results
cutained py field tesus.

4. Results oI tests carried out in the Ajka-IT coal field

t4

5
@

common interpretation of the interference tests by appiv-
pulsation Knhown from references are valid merely 1or homo-
ous rocks, and for cases with simple inhomogeneityv.

iy b
L]
’J iy

This approximation can not be allowed for the Ajka-II region
senerally. The tectonic map shows, that the significant sizes
of the tectonic blocks can sometimes be larger than the dis-~
tarnces applied between wells investigated in the course of

thie test. This statement can be proved by results of the simp-~
fied evaluation, while the deviation rate of the calculated
parameters is over 1:10. Extremely high pressure change velo-
city was detected between two wells, where ho fault was sign-
ed on the tectonic maps. This caiculated value can be suppos-~
2d only for channels with high transmissibiliztv,

For the mentioned reasons a new interpretation of the meassur-
2d data was carried out. The registered curves of pressure
change was analised with functions suitable for different flow
systems /radial, linear, double radial,/. In spite of the high
noise~disturbances of the measurements the analysis could be
realized by means of the noise filtration method of summing up
periodically. This method reflects the characters of the meas-
ured curves. On the basis of the investigations the measure-
ments and evaluation method suitable for determining the hydro-
dynamic parameters of the separated regioms were selected.

The filow systems applied for interpretation are as follows:
linear flow, homogeneous field drained with horizental line
source, radial flow in homogeneous field. In order to¢ deter-
mine the storage parameters care was takern of between the time
section of the measurement and the appdied method.

As a2 result, the transmissibility of the tectonic liines, the
rydraulic conductivity and the storage parameters of the comp=~
zct tectonic blocks and the equivaient parameters of the wide-
srread units of limestone reservoir could ke determined and
verifiec.

Tne reliabilitv of the parameters obtained must be checked.
It is only rough approximation that the early time period of
2tected curves gives information only for a closer ares.
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g the oagis o1
muintion tlow model
Cor checking and con-

ywmeltatlw
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necting

The @mogel CoUsSTruction was oz

¢n the area undisturbed by tectonic lines: parameters
specified for this formations were adapted average value~

-~ The conductivity terms of the tectonic zones were
modelled as follows:

parallel with the tectonic lines the real conductivity
was applied;

perpendicular to it thz average omne.

The average storage parameters were connected with
estimation of the volume ratic of thes tectonic zones.
The data had £0 be recalculated by using the model~lawvws,
because of the scale errors bztween the nodal volume and
the natural scale of the tectonic lines.

- For the model construction tnie boundary effect has no
int'luence on the inner, modelled phenomena. Closed boundary
conditions are cvonsidered. The applied noise filtration
method is not sensitiv to the monotonous changes and effects
of different period.

The real conditions which had characterised the measurements
were simulated and the potential change were detected on ithe
observation wells.

Since the measurements are influenced by disturbances and

the modelling has its own special errors, the measured and
modelled results were not comparsd directly. The modelled re-
sults were compared with the avparent varameters which couid
be calculated by using simple, rcutine interpretation of noise
filtration.

Having performed the necessary mocdifications, one can state
that the parameters of the constructed vectonical model meet
the natural conditions even in details, and the natural
phenomena will take place similarlv to the modelled ones.

The distances between the induced and observation wells
ranged from 39¢ to 1790 meters., Water volume of 2200 nubic
meters was pulszted with a maximal yvield of 1200 h/min. The
test lasted 5 davs. An amplitude of lco mm-s should have been
produced at the measuring points 16 gel data comparable to
the tradiiicnal weli~tests. This value could he rTeached by
multiplying

- the water vyield by 13 or

- the investigation time py &.
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