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SIMULATION OF HYDRO-THEORMO-MINERAL AQUIFERS

Abstract. The paper aims to synthesize the thermo-mineral aquifer simulation methodology
elaborated, in the 80s, at the Computing Center of the University of Bucharest, C.C.U.B.
Professor Ion Vaduva initiate a research contract between C.C.U.B. and the Geological
Reserve Coordination Department of the Ministry of Geology, G.R.C.D. The result of this
joint contract, carried out over several years, is the methodology presented in this paper.
Based on this methodology, a software was written and successfully applied to optimize
the exploitation of aquifers in the Oradea area.
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If people do not believe that mathematics is simple, it is
only because they do not realize how complicated life is.
(JOHN von NEUMANN)

1. Introduction

From a hydrogeological point of view, optimizing the exploitation of a
hydro-thermo-mineral system consists in optimizing the distribution of
the wells and the exploitation regime so that both the global flow rate,
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the concentration and the temperature of the thermal-mineral waters
exploited, as well as the conditions imposed for the conservation and
protection of the reservoir be satisfied.

To achieve this goal, it is necessary to simulate (Vaduva, 1976) the
behavior of the system in different variants of exploitation of the
thermo-mineral waters field, simulation based on the location of the
optimal capture in terms of the above-mentioned conditions.

The mathematical model used in the simulation and prognosis of
the evolution of a hydro-thermo-mineral underground system that evolves
in a non-stationary regime is given by the general process equation

E;—:lj = adiv grad(ll!) -V grad(lll) +c (1)

with mixed conditions on the boundaries.

The fundamental idea of the simulation and prognosis of a system
described by (1) is that the characteristic parameters and its hydrodynamics
can be appreciated on the basis of hydro-, thermal-, mineralization-
equipotential-lines maps at two consecutive times, separated by appropriate
ranges of hundreds or thousands of days.

2. The model

This theoretical foundation of hydrogeological data processing and
interpretation has been approved by G.R.C.D. Starting from this idea,
using the laws of mass preservation, temperature and concentration, as
well as those of Darcy's linear filtration, Fick's diffusion and Fourier
thermoconductance, the system (1) is obtained

% =aydivgrad(yy) + 1
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describing the propagation by infiltration of the hydrodynamic active
particles, the propagation of the heat through convection and conduction
and the propagation of the concentration of the mineral components by
hydrodynamic dispersion (convection and molecular diffusion) in the
active hydrodynamic fluid mixture (Albu and Enachescu, 1981; Enachescu,
1981; Enachescu and Albu, 1982).

In the system (2):

- 83,82,83 are the coefficients of hydraulic diffusivity (piezo-
transmissivity), respectively thermal diffusivity by the aggregate
of the rock and stored water and the dispersion diffusivity
coefficient (hydrodynamic dispersion);

- P. € represents the specific mass and specific heat (calorific capacity)
of the active hydrodynamic water;

— P and € represents the specific mass and specific heat of the rock
of effective porosity Mz and the stored water;

- V=-kgrad(W1) is the filtration velocity, according to Darcy's
law, through the product of hydraulic conductivity k and the changed
sign gradient of the piezometric load;

— C1,C2,C3 are the specific additional vertical productivity per unit
capacity of water, heat and mineralization, respectively.

As can be easily observed, the system equations (2) are cases of the

general process equation (1).

Particularly interesting results have been obtained in solving system (2)

with mixed conditions through multistep Galerkin method, using the Courant

triangle as finite element and a time-step T (Enachescu and Olariu, 1983).

3. The OPT-APE-HTC software

Since early 80s, at the C.C.U.B. a software package was developed, tested
and implemented, which, starting from measurements made in the existing
drillings, estimates the parameters and forecasts the evolution of a real
hydro-thermo-mineral system in different exploitation variants.

The OPT-APE-HTC software was the first program package in Romania,
and the international one among the few, which completely model with
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a minimum of data, effort and expense the most complex and general
type of hydro-thermo-mineral system.

Issues, objectives, performance, limits, domain of applicability

The OPT-APE-HTC software addresses the issue of automatic evaluation
of the exploitable reserves of underground thermal water, namely the
evaluation of the characteristic parameters of the hydro-thermo-mineral
system and its evolution to optimize the system and the exploitation regime.

Because the optimization of the system and its operating regime
require the simulation of the aquifer behavior in different variants of the
wells locations, the OPT-APE-HTC software package is also provided with
a simulation module of other exploitation variants than the current one.

The limits of the applicability domain for the OPT-APE-HTC software
are given by the existence and uniqueness assumptions of the mixed
problem solution for parabolic equations.

Structure of the OPT-APE-HTC software package

Without going into detail, the OPT-APE-HTC program package is made
up of the following main modules:

M1) the HIDROBAZ module, to create, maintain and manage all
information about the underground modeled systems;

M?2) the CALARMOD module, to fit the model so that it corresponds
to the real case of the investigated hydro-thermal-mineral system;

M3) the ESTPARAM module, to estimate the parameters of the
investigated hydro-thermo-mineral system;

M4) the PROGEVOLACT module, to forecast the evolution of the
investigated hydro-thermo-mineral system, in the current
exploitation variant;

M5) the PEOGEVOLDIF module, to simulate the evolution of the
system in other exploitation variants than the current one.
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Output of the OPT-APE-HTC software

The main output lists are, approximately in the order of their obtaining
in a full running of the software, the following:

L1) tables with the values of the aquifer parameters estimated in
optimal partition areas according to the least squares method.
Upon request, condition equations and normal equation systems
can also be listed;

L2) the tables with the values of the three fields, at different time
points, in all the nodes of the network, respectively the
optimal triangulation, obtained by numerical integration of
the system (2). On request we can automatically draw the
maps with the actual and predicted iso-lines.

OPT-APE-HTC software inputs

The inputs of the software are made up of the basic materials delivered
by the drilling contractor, studies of the evolution of the hydrogeological
characteristics of the drilling, etc. The way of collecting and selecting the
data from drillings in exploitation and from the observation drills of a
hydro-thermo-mineral system is the subject of a unique methodology
elaborated by the Geological Reserve Coordination Department of the Ministry
of Geology.

Regarding the size order of the meshing steps, it is recommended
that they be in the order of hundreds or thousands of meters for space
and thousands of days for time, so that the applicability of diffusivity
equations is warranted.

4. Applications

The above-described software was applied to simulate two hydro-
thermo-mineral systems which evolve in the thermodynamic conditions
of the geothermal anomaly of the Pannonian depression, where the
geothermal gradient has an average value of about 20 m/°C, namely:
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e the Cretaceous fissured limestone system from Baile Felix — 1 Mai
where the underground flow results from the mixture of the local
inflow of thermal waters with the regional inflow of cold waters;

e the intergranular system of Pontian sands from Biharia Sacuieni
under hydrodynamic conditions of storage under pressure in a
typical hydro-structure of Pannonian Depression.

The zonal parameters of the system are determined (Table 1) by solving
the normal equations corresponding to the vertices of each square of the
network, based on the hydro-thermo-mineral isolines maps at two moments,
separated by a time interval of T = 10,000 days for the Cretacic

Table 1
Parameters of the hydro-thermo-mineral systems

Bile Felix—1Mai | D.faria-

Hydro-thermo-mineral system Cretaceous Sacul.enl

. Pontian
limestone sandstone
Discretization steps v day 10,000 2200
Am 500 1,000
m, Nr. of measurements 4 126
coefficient of rheo- 2 mean 40.88 816.41
mechanical m minimum 21.93 3.57
transmissivity day maximum 66.01 9608.85
cl, Nr. of measurements 3 126
rheo-mechanical m mean -0.000171 -0.012393
productivity per unit dle minimum -0.000056 -0.006699
capacity maximum -0.000261 -0.020107
® Nr. of measurements 4 26
coefficient of thermal m? mean 462 159.29
transmissivity dle minimum 2.10 2.71
maximum 5.71 549.12
o Nr. of measurements 4 26
! mean 8.05 816.41
d1ffus10n./ dlspers.lon m minimum 1.23 357
convective velocity day maximum 11.46 9608.85
s, Nr. of measurements 1 26
diffusive / dispersive mean -0.000066 0.000342
productivity per unit Kg*m3*s1 minimum -0.000032
capacity maximum 0.000497
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s, Nr. of measurements 4 33
diffusive / dispersive m? mean 0.25 337.80
coefficient of — minimum 0.09 27.32
transmissivity day maximum 0.32 1715.34
7 Nr. of measurements 4 33
thermal 2 ; n mean 1.24 680.51
erma lco’f“’ec tve - minimum 0.58 1.14
velocity v maximum 1.83 8054.57
c Nr. of measurements 3 32
2,
T mean -0.000198 -0.003523
thermal productivity ..
er unit capaci =C T minimum -0.000173 -0.006489
P pacity ¥ | maximum 0000232 | -0.009897
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Figure 1. The evolution of the hydro-thermo-mineral system from the Cretaceous
limestone of Baile Felix — 1 Mai in a representative sub-area, where the hydro, thermo
and mineralization isolines are traced through continuous lines at the initial moment

to through interrupted lines at the actual moment t1=to+10,000 days and through dashed
lines at the next moment #>=t0+20,000 days
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Figure 2. The evolution of the hydro-thermo-mineral system in the Pontian sands
of Biharia-Sacuieni, in a representative sub-area, where thermo and mineralization
isolines are traced through continuous lines at the initial moment to through interrupted
lines at the actual moment t1=f0+2,500 days and through dashed lines
at the next moment t2=to+5,000 days
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system and T =2,500 days for the Pannonian system and using the
explicit bi-dimensional differences schemes on a squared grid with
A =500 m for the fissured system and A = 1,000 m for the intergranular
system (Albu et al., 1980).

The simulation results are presented in Fig. 1 and Fig. 2.

This simulation revealed a pulsating evolution of the aquifer, due
to the drilling holes, as well as the role of stationary lines played by the
geological faults within the system.
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