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(11)

In an aquifer, besides the natural and attracted resources, 
the exploitable resources Qex can be calculated by the formula: 

	  	 (12)

by  summing  the  recharge sources Qa and  the Qr leak-
age sources  and excluding the descharge sources Qd (caused 
by natural emergences, well production exploitation, drains 
and other surface or underground works, water transfer in 
other aquifers, rivers, lakes, floods, etc).

5.  Groundwater reserves and resourc-
es administration
The groundwater resources, like other mineral resources, 

are never – failing and their abasement carry during medium 
and long term negative impacts. Groundwater resources op-
timum exploitation, protection and preservation involve their 
administration instituting the stock of available reserves and 
resources (Heyel, 1973), in order to assure a balance between 
included and excluded reserves or resources (fig. 9).

Fig. 9 Groundwater resources administration scheme  
(after Albu and Popa, 1996)

The added, attracted, renewable and restituted reserves 
or resources constitute included reserves or resources P. The 
depleted, rejected, damaged and unused reserves and re-
sources compose excluded reserves S. The added reserves or 
resources appear as a consequence of detailed quantitative 
and qualitative exploration phases, increase of depth investi-
gation or by improvement of research methods. The attracted 
reserves or resources represent supplementary fluxes from ad-
jacent aquifers or external sources, together with the quality 
improvement through remediation and treatment methods. 
The new groundwater reserves added to the total volume of the 
included total reserves form by renewal and restitution process 
in natural water cycle. 

Excluded reserves or resources are those depleted or with 
small significance after over-exploitation, while rejected re-
sources are those with poor characteristics, especially quali-
tative ones. Excessive exploitation, pollution or other human 
activities produce quantitative and qualitative modifications, 
forming rejected resources. Considering technical or eco-
nomical aspects, the unused reserves cannot be use for ex-
ploitation. 

The available reserves or resources can be expressed as a 
function R = R(P,S) of included resources R and excluded re-
sources S (Albu & Popa, 1996), and by analogy with a thermo-

dynamic system, they present a variation

 

and a variation rate 

,

 where

  and  

are the inclusion and respectively exclusion coefficients. 
In this conditions, groundwater resources and reserves 

Fig. 8 Attracted groundwater resources constituted during water wells exploitation (after Albu et al. 1989). Groundwater fluxes from: 1. piedmont 
2. precipitation and soil condensation 3. fissured – karstic aquifer by faults 4. deep aquifer by semipermeable rocks 5. surface water and adjacent 

aquifers 6. subordinated aquifers by faults and lithologic nappe 7. self aquifer
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evolution from an initial stage R0 = R(P0,S0) to a later one, 
R = R(P,S), follows the state equation

	 	
 (13)

with the solution:

	 	  
(14)

After series development and by approximation the 
equation (14) is reduced to the form 

	 	  (15)

or the available groundwater resources and reserves varia-
tion rate is calculated with the formula

	 	  
(16)

where  and  are the mean coefficients of inclusion respec-
tively exclusion. According to equation (16), within a time pe-
riod Δt the variation rate can take negative, null or positive 
values and the corresponding administration is in deficiently, 
equilibrated or in excess mode. In a limit situation, the varia-
tion rates correspond (Albu&Popa, 1996) to wasteful adminis-

tration, if  and , conservative adminis-

tration, if  and , avaricious administration, 

when , and .

Conclusion
Groundwater reserves and resources assessment is a 

difficult process due to the convergence of a lot of factors. 
Aquifer conceptual models, groundwater flow and contami-
nant transport have a great importance in assessing water re-
sources. In a first stage, formulas are not complicate, but their 
application is not simple, due to the modifications in time 
of the water table or potentiometric surface, determined 
by aquifer recharge, discharge, supplementary water fluxes 
from adjacent formations, dewatering or over exploitations, 
etc. The assessment solution can be applied according to dif-
ferent cases of unconfined or confined aquifers, for ground-
water reserves or resources, using elementary aquifer blocks 
with homogenous properties. In the case of groundwater ad-
ministration, the final simple solutions need previous calcula-
tions of water reserves and resources for every each category. 
The assessment methods and type of administration repre-
sent, by monitoring the evolution of aquifers, water quality 
determinations, groundwater remediation, etc., necessary 
phases in groundwater management.
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