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About the assessment of exploitation resources 
of hydrothermal deposits 

I.G.Yotov 

Geological Institute, Bulgarian Academy of Sciences, 1113 Sofia 

A method is proposed for the assessment of 
natural and exploitation resources of a kind of 
thermal aquifer widely distributed in Bulgaria. 
In order to describe the specific hydrogeolo
gical conditions in such aquifers an appropriate 
schematization is used, being at the same time 
some supplement to the work of Galabov et al. 
(1999). 

Hydrothermal deposits analyzed here in gen
eral are part of a hydrothermal system formed 
mainly in intrusive rocks or in its metamorphic 
mantle. Many of the hydrothermal deposits in 
the sought part of Bulgaria are of this type. The 
hydrothermal system is divided in three parts -
zone of recharge, zone of water accumulation 
and movement and zone of drainage. The 
drainage zone of the system represents the hy
drothermal deposit (Petrov et al. 1993, 1998). 
An important characteristic of this deposit is 
the presence of a natural (dynamic) flow Qd 
from the depth recharging the drainage zone. 
The surface area of the zone usually is of small 
dimension - about or less than 1 km2

• The flow 
~ is formed in the recharging zone of the hy
drothermal system and represents the natural 
(dynamic) resource of the deposit. Under the 
natural conditions a part of Qd is drained by 
thermal springs. Another part is recharging the 
upper sediments or the rock layers in the case of 
closed deposits" or is outflowing in the local 

river (in the river terrace) in the case of "open 
deposit" (Petrov, Martinov, 1962). As a result 
the total recharging flow Q is unknown quan
tity. The side boundaries of the deposit can be 
accepted as impermeable because in these parts 
near to the ground surface the thermal aquifer 
is in contact with cold rocks and therefore nei-
her gets recharge from nor loses water in the 

surrounding. The drainage area Fd can be deter
mined approximately on the ground surface al
lowing for the local geological structure and its 
tectonic development as well as the area distri
bution of natural springs and other artificial 
sources of thermal waters - wells, boreholes 
etc. For the purposes of this paper the area Fd 
is assumed to be a circle of the same dimen
sion F. 

On the basis of the above mentioned the flow 
conditions in the thermal aquifer can be sum
marized as follows: The aquifer represents ap
proximately vertical circular layer with cross 
section area F <Land impermeable side bound
aries - Fig. 1. The flow in the aquifer is con
fined and on the down boundary of the flow re
gion exists total natural recharge Qd with equal 
intensity over unite area [(oQi~F) = const]. The 
quantity Qd is unknown and its determination is 
the main goal of this paper. The thermal de-
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posit is exploited usually by a system of wells 
with a discharge Q :5 Qd. The design of the sys
tem and its parameters must be done according 
to the requirements of the regulation N1 from 7 
Jul. 2000. The discharge Qm ~ Qd is not admis
sible because in this case the aquifer will be ex
hausted. In the following analysis is assumed 
that the water is pumped through one well 
located in the center of the aquifer. 

The upper description of hydrogeological 
conditions allows to apply the solution of 
Bochever (1968, 1976) for the assessment of the 
deposit exploitation resources. According to 
this solution the steady distribution of draw
donn around a single well located in the center 
of an uniform circular aquifer with imperme
able side boundary and uniform recharge over 
the cross section of the aquifer is given by 
(1) s = s - [Q R 2f2nT(R 2

- r 2
)] [ln(r/r)-

0 p p p 0 0 

0,5(r2
- r

0

2)/R/1· 
The symbols in (1) are: s- drawdown of the pi
ezometric level at a distance r from the center 
of the aquifer; s - pure drawdown of the pi
ezometric level i~ a pumping well for r = r

0 
(the 

hydraulic losses s inside the well and in the 
well screen are notincluded ins); T- aquifer 
transmissivity (T = k.m); k and m -respectively 
hydraulic conductivity and thickness of the 
aquifer; R - radius of the circle aquifer with 
area F ehsuring the constant pumping dis-

P 
charge Q ; Q - part of a natural recharge of 
the aquif~r wiiich is consumed by the pumping 
discharge Qf' Q = Or When Qr < Qd the steady 
state regime of P exploitation is reached. 

When using formula (1) and its derivatives we 
must have in mind that: Very often exploitation 
of thermal deposits is applied before the mo
ment of determining their resources. We will 
call it preliminary exploitation. In this period in 
the deposit normally are carried out regime ob
servations. According to this data one can de
tect steady or nonsteady states of a pumping 
discharge and drawdown. This information has 
to be analyzed in order to assess the possibility 
of producing additional quantity of water over 
that of the steady state. For such a purpose 
sometimes is necessary also to carry out addi
tional pumping tests. When the well is pumped 
with a flow rate Q over the steady discharge QP 
of preliminary e~ploitation we have to intro
duce in (1) (Q - Q ) instead of Q . In the same 

• 0~ p p 
trme the drawaoun must be measured from the 
preliminary steady piezometric level for each 
point of the flow region. 

Formula (1) is applied for determining T and 
R as follows: The part of the drainage area F 
ertsuring the recharge Q is equalized to a circl~ 
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area of the same dimension with radius 
(2) Rp 2 = (F Jn). 
The steady drawdowns s1, s

2 
and s in three ob

servation wells at corresponding distance r
1
, r

2 
and r

3 
from the pumping well are measured. In

troducing these data in formula (1) a system of 
two equations is obtained 
(3) s1 - s2 = (QJ.2nT){ln(r2/r t)- 0,5[(r~2 - r ~2)/R 2]} 

s1 - s3 = (QJ2nT){ln(rJr
1
J- 0,5[(r

3 
- r

1 
)/RPI}]}, 

from which one determines the unknown quan
tities T and R . Then F is obtained from (2). 
After that, be~ause of Pthe uniform recharge 
from the entire drainage area F , for determin
ing the whole natural (dynamic/ resource of the 
deposit can be applied the formula 
(4) Qd = (Fd/Fp)Qp. 
Let us mention that the value of aquifer trans
missivity T can be determined using different 
kind of data, for example recovery data for 
ground water level in one observation well after 
stopping the pumping. In such a case instead of 
three observation wells only two are needed to 
determine R according to one of the equations 
in system (3). On the other hand, however, the 
reduction of the number of observation wells 
can cause determination of not enough repre
sentative value of T for entire flow field if the 
aquifer is nonuniform one. 

The value of Q in (4) represents also the 
steady exploitation Presources of a pumping well 
because applying this quantity in formula (1) we 
can determine the drawdown s in each point of 
the deposit. 

It is obvious that for the application of(4) we 
need to know the value of F d which is liable to 
determination. for instance during the mapping 
of the hydrogeological structure. The mapping 
has to involve the important geological and tec
tonic elements of the structure as well as the 
ground surface covered by all natural and arti
ficial sources of thermal waters. Because of 
possibility to admit errors using this method, it 
is more convenient to prefer another one, based 
for instance on 4-5 steps pumping test data. For 
each one of the steps Q is measured and the 
corresponding F and (QJ!' ) is determined by 
the proposed hete methodo,ogy. The quantity 
(QJF ) must be a constant one for each steady 
state 'discharge on account of the uniform re
charging flow of the deposit. The disturbance of 
this constant value appears under nonsteady 
conditions when Q > Q and F = F d. The ob
tained values of P an~ Qd are Prepresentative 
for the assessment of the resources of a thermal 
deposit. 

Let us mention that applying the same 
method with known values ofT and R it is pos
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sible to determine the pure drawdown s and the 
hydraulic losses in the well s . Then from the 
well known relationship s = ~m + s we get 

g o com 

(5) s = s - s 
com g o" 

In (5) sg is the total drawdown in the pumping 
well. 

Here are briefly analyzed only the basic ele
ments of the methodology. Another variants of 
this methodology can be applied depending on 
different circumstances, for instance: 

1. It is possible to determine the pure draw
down s using a step drawdown test. Then in
stead o~ the drawdoun for one of the observa
tion wells in (3), the drawdown in a pumping 
well is used. 

2. It is possible to determine the aquifer trans
missivity T using data from step drawdoun test 
or from the piezometric level recovery after 
pumping. If these data are available the assess
ment of the resources can be done on the basis 
of steady drawdown in the pumping and in one 
observation well. 

In each one of the two last cases there is a re
duction of a number of observation wells com
pare to the basic variant of the methodology 
comprising formulae (1) - (3). One well is re
duced in the first case and two wells - in the 
second case. This reduction relieve the practical 
application of the methodology but in the same 
time can increase to some extend the uncer
tainty of the assessment. 

When applying the methodology in hydro
geological practice we must have in mind the 
following circumstances: 

1. It is assumed that the thermal aquifer is 
uniform one. That is why for the case of essen
tial nonuniformity some questions arise: 

- Which kind of experiment is preferable for 
determining the representative value of the 
aquifer transmissivity. In general this is the ex
periment (pumping test) using drawdown data 
from observation wells, because the last ones 
characterize more adequately the specific influ
ence of different subregions of the drainage 
area. The step drawdown tests on the other 
hand can be used for determining s and the 
pure drawdoun S

0 
in exploitation weif. 

- Another question is for the location of ob
servation well in the drainage zone - parallel 
or perpendicular to the main tectonic distur
bances. The answer can be find out through the 
level of experience and competence of the 
hydrogeologist working on the problem. But 
more reliable criterion for correct determina
tion of the resources is the results of 4-5 regimes 
of pumping in the exploitation period with dif
ferent steady state discharges and drawdowns. 
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2. The methodology is valid for an isother
mal flow process. The real process, however is 
not isothermal and therefore instead of dr~w
down data, data for the aquifer bottom pressure 
has to be analyzed. Because of a practical short
age of such information, however, we are 
obliged to use namely drawdown data. Then it 
would be better to apply steady state drawdown 
data, because they are less influenced by the 
change o~ temperatures. Even in such cases, 
however, 1t remains some uncertainty which 
must be overcome on the basis of the exploita
tion results. 

In principle in order to take into account the 
nonuniformity of the flow field we can use the 
method of modeling. The last one in this case is 
not in the scope of our attention. Nevertheless 
we would like to mention here that the achieve
ment of a suitable modeling of the flow field 
needs its sufficiently detailed hydrogeological 
prospection and corresponding description. 

As a result of the above analysis follows that 
the methodology can be realized with sufficient 
accuracy only according to the data from suit
able steady and unsteady state periods of the 
real process of exploitation completed if neces
sary with information provided by a planned 
pumping test experiment. 

The main conclusions from this analysis are: 
- _The methodology allows to realize an ap

proXImate assessment of the resources of ther
mal deposits; 

- Because of this approximation the validity 
of the assessment has to be limited for 3-4 years 
of exploitation; 

- During the thermal water exploitation an 
i~formation from regime observation (pumping 
d1scharge, water level fluctuation, water tern
perature etc.) is collected andfor some specific 
experiment are carried out. The information 
~ust contain 3-4 steady state regimes of pump
mg and at least one nonsteady regime, the last 
one with QP > Qd. These data are used as a con
trol of the calculated resources or as a base
ment for its eventual correction. 
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