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1. Introduction
In Brazil, the use of underground and surface water policy has been devoid of any organizational and mitigational measurement in the sense of protection, conservation and environmental sustainability of production and supply headquarters. Like, specially, the very vegetation that is in charge of the control of the capture and infiltration of water that replenishes the springs system. The negligence obviously extends to the groundwater in the Northeast underground, where also there are no government measures directed to the fulfillment of these fundamental principles. There are several examples that can be demonstrated. For this particular article was chosen the sedimentary package called “Açu Sandstone” found on the “Potiguar Basin” (Picture 1), which is located in the State of Rio Grande do Norte, Brazilian Northeast. This hydrogeological unit has 18.730 km², which represents 35,3% of the total State area.
Picture 1 – The Outcrop of Açu Sandstone in Potiguar Basin


The studies on this theme about the referenced basin were conducted under an eminently phytogeographical methodology in which this discipline signs the planning in the of environmental sustainability context. In this case, the dynamics exerted by the vegetation cover on the system functioning and on its natural environmental balance was considered. Especially groundwater resources due to the indispensable participation of the vegetation in the process of rainwater infiltration needed to aquifers replenishment.
The start is the assumption that, by the great demand of the most important drinking water reservoir of the basin, the “Açu Sandstone aquifer”, followed by the unfavorable configuration of the land of their “recharge zone”, the scarcity of rainfall and widespread deforestation, the balance of the environmental hydrogeologic system could break into an irreversible process of disarticulation, reaching up, with its evolution, to a progressive and chaotic evacuation of the groundwater.
After the surveys completion and their respective analysis, the veracity of these assumptions has been proven. The result was considered an aggravating factor, as much as the aquifer lifetime was approaching its inability productive. The lien has become even more worrying when it was noticed that there wasn’t any alternative project ongoing, coping with the problem, which attended the factories operation and the complete supply of agricultural and agribusiness enterprises, in all its levels of use.
2. The “Açu Sandstone Aquifer”
The known Potiguar Basin houses, in its Mesocenozoic sedimentary layers, a high potential for groundwater. It stands out among its counterparts northeastern basins by locating in an environment where there is a great shortage of this indispensable resource. It happens because in the entire length of the area, a climate regime of extremely severe semi-arid characteristics operates. So much so that, even though confined with the coast, its rivers and streams are intermittent during most of the year.
Its stratigraphy is composed of several sedimental layers that are dated from the Quaternary to the latest Middle Cretaceous, which are composed of Holocene sediments (sand dunes and alluvium), Pliocene (Barreiras Group) and Cretaceous (Jandaíra Limestone and Açu Sandstone). Each of these units represents a distinct hydrogeological system, on which original vegetation is responsible for the regularity of infiltration of annual transient rainwater. But, actually, this vegetation has gone through a deforestation process so high that is decisively committing the groundwater supply by rainfall water. In hydrogeological context, is accounted a great potential for groundwater to that area. Each of these formations is the bearer of its own reservoir.
Of all those aquifers the sole holder of drinking water that has been exploited on a large scale is represented by Açu Sandstone. It is responsible for supplying inner cities of large populational demand, as in Mossoró, the most important upcountry regional center of the state. Due to this characteristic of great importance for the survival of the population, the unit represented by the “Açu Sandstone aquifer” was chosen to test the assumptions then made.
The outcrop of this hydrogeological unit happens at the south end of the basin, bordering it along east-west (Picture 1). It occupies a surface area of 2.810km², or the equivalent to 15% of the total Potiguar Basin area, where is located. This is the sedimental layer that brings the underground water potential of greater importance for the supply of drinking water for all needs of the population. The thickness of its sediments ranges from about 70m in the outcropping strip, to just over 700m near the coast, embedded between the crystalline basement and the “Limestone Jandaíra” it overlaps.
The whole area of the basin is highly lacking of water resources for use of the population. This shortage is even greater when it comes to the surface water resources. And that is a natural occurrence of the region itself due to its submission to a climate regime of long-season annual summer. As for the potential underground exclusive “Açu Sandstone”, the issue is much more complex because, in spite of the fact that the estimated groundwater volume is exponentially very high, there is a suspicion that the infiltration would be less than the exploitation. To test this hypothesis the following data surveys were conducted supposedly causing the phenomenon under investigation. Among them: the semiarid climate of long season of summer; the low and erratic annual rainfall; low or no infiltration of rainwater, the strong inclination of land; complete deforestation of its original vegetation; water use in superior quantity than the aquifer’s recharge.
3. profile of the Recharge Area
3.1 – Reduced Rainfall Reception Area
As shown in Picture 1, the rain water infiltration area of the Açu Sandstone aquifer is very small comparing to the total territorial extension of the Potiguar Basin. In fact, the outcrop area available to infiltration is 2.810km², against the 18.730km² of the entire basin, which corresponds to only 15% of extension. It is worth noting that the area of the basin represents 35.3% of the total area of the state. This small space of the recharge zone is already a major factor impeding the volume of rain water infiltration.
3.2 – Infiltration Potential Incomplete
Concerning the constituent material of the rocks (sandstones) and the thickness of the weathered mantle, the whole area could be classified as high potential to the infiltration mechanism. However, the factors permeability and land slope are highly unfavorable to that mechanism. Furthermore, soils, although, for the most part, porous and well drained, there are stretches where the slope, sometimes even in the form of scarps, combined with the occurrence of plinthite in much of the area, contributes negatively to regulate process of water percolation. The spatial distribution of this potential was classified by levels: high, covering an area of 1.485km² (52.8%); medium, with 1.005km² length (35.8%) and low, with a 320km² area (11.4%).
3.3 – Scarcity and Rain Irregularity
Even if other environmental factors were favorable to the work of water infiltration, the groundwater supply would be highly compromised, because the rains that have precipitated in the outcrop area are very scarce and also very irregular and torrential. That's right, in the group of rain gauge stations covering the area, the average annual rainfall stands at around 730mm, being that, from this total, approximately 570mm (78%) fall torrentially, in only 4 (four) months. The 8 (eight) remaining months don’t rain enough to meet the feedback from the aquifer, which suffers no interruption daily or yearly.
3.4 – Excessive Deforestation
The most striking feature of the area under the vegetation point of view is certainly its advanced stage of deforestation. Considering the natural vegetation cover as the factor that exerts the biggest control over the hydrogeological system balance operation, especially regarding the mechanism of rainwater infiltration for the maintenance of aquifers, it felt appropriate to conduct a more accurate study about it. For this particular case, where the analysis goes about the greater or lesser degree of favorability to the water infiltration feeding the springs, whether underground or surface. The evaluation was based on spaces with different levels of deforestation, since there wasn’t any vegetation without strong signals from human interference. With the support of satellite images from Landsat 5 TM, three deforestation levels were classified (I, II and III). Each with their own idiosyncrasies, as follow:
Level I – This was considered the portion that less has gone through the process of widespread deforestation. Or that which vegetation has a density yet admitted as favorable to the work of percolation. The detail is that this category’s vegetation occupies only the small area of 360km², corresponding to 12.8% of the total 2810km² of outcrop area.
Level II – Includes the portion where deforestation degree hasn’t yet been considered fully compromising to the mechanism of infiltration. They’re the areas resulting from regeneration by noncompliance of the area previously devastated in its entirety. This amounted to only 440km², or the equivalent of 15.7% of the total.
Level III – This is the area where deforestation is at its most advanced stage. It’s the one that was ranked as the most detrimental to the process of rainwater infiltration. It is covering the largest area, with 2010km², which reached 71.5% of the total area.
Once known this first stage of studies on the production, protection and insufficient infiltration of water infiltrated into the care of the aquifer mechanisms, there is a clear idea of its state for public use. It can be seen, for example, that the large volume of the reservoir was nothing suitable on the replacement of the groundwater withdrawn to attend the population. The real proof of this, however, would only be obtained after the knowledge of the wells, their production, their staying flow and their state of conservation and management. What constituted the second stage of the research, as follow.
4. Survey of Wells
This part of the studies was considered indispensable to the achievement of research, in as much as without its fulfillment there wouldn’t be a way to achieve the main objective, since it would not be possible to prove the hypothesis previously formulated. Information which should be obtained contained surveys on the number of wells drilled for the Açu Sandstone aquifer reservoir. It also contained the flow and volume of production of each well, along with their consumption. Even still the data on production destination.
4.1 – Drilled and in Operating Wells
According to the data surveys carrying high technical contents all the necessary information were obtained. By the query made, it was found that there was, at that time, 282 wells drilled, but only 177 were active, that is, with continuous daily production. That amount of drilled wells was distributed throughout the surface of Potiguar Basin. But the vast majority concentrated in the Natal city surroundings, place where consuming demand was the largest of any division of the basin, and where the total production of water withdrawn from the aquifer through wells in operation, representing a total of about 2.520m³ per hour. Information deemed relevant was that in only 24 units, ie, only 13.6 % of the whole, 34.5% of total exploited general was produced. In addition, the production of each of these 24 was always higher than 50m³ per hour. They also represented the group that used to reach the greatest depth of sediment substrate, ranging between 500 and over 1000 meters. This importance means that the wells are precisely those responsible for operating large-scale “Açu Sandstone aquifer” exploration, since all water used by them was intended for public, industry and irrigation of large companies supply, covering, in this group, the urban areas, agribusiness and farming.
4.2 – Water Destinations
This stage of work was done in an attempt to draw a comparison between the functional status of the wells at the time of investigation, and that other time constant of the data contained in technical reports already referenced. Thereby aiming to determine whether the water was suffering level lowering provided by the high operating current.
According to the collected data, the fate of water taken from the aquifer for use of the Potiguar Basin area population is initially measured by quantifying the wells and the usage class that each group attends. Thus, from the 177 wells that were active, 74 (41.8%) were used for public supply; 39 (22%) for animal use and irrigation; 46 (25.9) had their production for the household; 5 (2.8%) served the industrial needs; and 13 (7.3%) produced for other classes of use. Due to a lack of complete data it wasn’t possible to carry out surveys on values in cubic meters used by each of these classes.
About the destination of water taken from the aquifer to meet the consumption in these different classes of use, three major consumer organizations were selected as examples, one for each case. These information, taken orally, managed to interview representatives of the three major organizations exploratory of the wells.
· Company MAISA – Important industry that uses water to two destinations within the same organization: irrigation and industry operation. From the first case crops of plants that occupy large tracts of land and have trade export as the leading line of market are benefited. From these different crops objects of plantation, the melon stands out. As for the second case, the water drawn from the wells were destined to the operation of the industry benefiting their very own products cultivated in all levels of use. The flow of the wells that were in operation was between 50 and 120m³ per hour.
· Industry Itapetinga – Outstanding cement factory which is located near the city of Mossoró. From verbal information by his representative, the company operated with only one well, whose depth reached the 994 meters and already had 15 years of use. The water withdrawn from it was always reused by the factory, as a way to reduce consumption and conserve the volume of the explored flow, about which no further information was obtained.
· CAERN – State Company responsible for public water supplies across the state of Rio Grande do Norte. Verbal information couldn’t specify the number of wells in operation at the time, neither the volume of flow through them available for everyday use and permanent: has only informed that many had already been disabled. Whether because of water contamination by superimposed limestone (Jandaíra Aquifer), or because the pumping chamber had already been achieved by the static level, or even for other technical reasons that weren’t specified.
Also very important was the fact that, from wells with production in the upper range to 50m³/hour – total twenty-four (13.6%), 34.5% of flow used was produced by them, alone. The flow distribution, by tracks and volume of production was reported under the classification shown in the table below.
Table 1 – Distribution of Wells by Production Volume
	Production in m3p/h
	Number of Wells
	%
	Flow (m3p/h)
	%

	Up to 10m3
	130
	15.0
	334
	13.3

	From 10 to 50m3
	23
	2.6
	466
	18.5

	From 50 to 80m3
	19
	2.2
	1200
	47.6

	From 80 to 120m3
	05
	0.6
	520
	20.6

	Totals
	177
	100
	2520
	100
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Sources: IPT. Report 15.795, Vol. I (s/d); ATEPE,1986.
4.3 – Wells’ State of Operation
According to the surveys data, 1278 wells drilled throughout the Potiguar Basin were accounted. Among them, 282 belonged to the Açu Sandstone aquifer. The others were in aquifers: Jandaíra Limestone, with 864; Barreiras Group, with 48; and Alluvium/Dunes, with 84. But the highest volume of flow was from Açu Sandstone, with 2520m³ per hour, which represented 48.9% of the total. It has been reported that, of those 282 wells, only 177 were in operation, resulting that 105 were already disabled, or confirmed as unproductive – some for over ten years. The main reason for this status should be the pumping chamber level, that has already reached its maximum depth. This information was considered of major significance because it was found that the aquifer was no longer being supplied even in the amount it was being withdrawn.
It was then verified that most of those wells have suffered downgrades pronounced enough to have their production finally paralyzed. This happened at both static and in dynamic levels. What would result in a general lowering of the aquifer piezometric level. These information served to confirm, along with the other studied above, there would be no further doubt about the drop in the level of the referenced aquifer, due to the massive use of its water. Alongside this reducement, the flow of all wells that were in operation was also lowered. Such cases had occurred with those where the chamber was with less than 35 meters deep. Some examples are taken from wells that met this status:
a) Itapetinga Factory Well. By information from its interviewed representative, seems that it had been, at the time of its drilling, 15 years ago, a gusher of artesian type. But two years ago, when the study on its lowering was done, the dynamic level was already at 73 meters deep. This means that the groundwater lowering level was reaching a point very close to a definitive standstill;
b) The MAISA Company Wells. It was reported that from 13 of its wells already drilled, with an average depth of 600 meters, only five of them were operating, because they hadn’t lost flow or level lowering. But this was due to the fact that three of them had two-year use and two had four years. The oldest, with an average age of twelve, were inactive because the static level already reached the pumping chamber. From the information, there was no provision of any other way of obtaining water, in the case of the aquifer reaches its peak emptying. The policy was still that of drilling new wells to replace those dead or disabled;
c) Wells of Mossoró Superior School of Agriculture - ESAM. The report was that from its two operating wells, one of them had been gushing or artesian. But at the moment its static level, with 22 years of use, would be close to 50 meters, and the dynamic 80. Moreover, the flow was only 2.3m³ per hour. The static level of the well of the experimental farm, twelve years ago, was 46 meters, and dynamic, 49. During this research, the static level was already 88 meters. The depth of the dynamic was not informed. But it was perfectly seen a drop in the level of the aquifer;
d) Wells of the State Company responsible for water supply in the State of Rio Grande do Norte – CAERN. The verbal information is that all of its wells have suffered accentuated reductions, both in static and in dynamic level. Following this there was also the flow reduction of all that were in operation, reason why several had already been disabled. Such cases occurred in those wells in which the chamber was a few meters deep.
Beside these information given by the interviewed people, some quantitative data were taken from the ATEPE report (1986), prepared by the own CAERN about its wells. Data referring only to dynamic levels of 12 of its 20 drilled wells. The remaining eight had been disabled during the search because the dynamic levels reached those of the pumping chambers. In this manner, for the 12 found operating, monitoring accused, for a period of about four years, a lowering of average level around 18.61 meters. Where: five with a reduction of up to 10 meters; four between 10.22 and 22.30; one with 30.60; another with 36.10; and the last with 57.81. Based on that, the predicted reduction for the year 2010 was of a depth always greater than 200 meters. Because these values were way below the chamber, all of them would have their production closed.
4.4 – Ages of Water
The data contained here have resulted solely from a single source: IPT's technical report (s/d). Although they are few significant in number of wells, as only five had been sampled, they were considered relevant to the extent that they completed the other information with a view to the final conclusions about the possible productive inability of the wells for having reached the maximum level allowed for holding or emptying of the aquifer at the site of perforation.
As seen in Table 2 the age of water from the referenced wells, obtained by C14 method, as the cited report, ranges from a little over 13 and a little less than 18 thousand years. This means that the water that was being withdrawn from wells at that time (1981), laid in that place for little over 13 thousand years, or at least that it was infiltrated from this long time. Note that the “transit time” of water from its recharge zone to the collection spot (106km) from the two sampled wells was calculated between 3335 and 4919 years, at an average speed of 25.7 meters per year. The distance of 106km is more or less what checks between the town of Apodi and the mouth of the homonymous river, straight. The stretch with the largest number of wells is located between the mouth, in the town of Areia Branca, and the city of Natal, in a distance of approximately 50km.
Table 2 - Age and Transit of the Water
	Identification of the Well
	Age of Water
(in thousandyears)
	Distance (km) of Recharge Zone
	Transit Time (years)
	Drilling Date

	824-021
	17.0 a 17.7
	106
	3335 a 4919
	1978

	895-003
	13.6 a 13.7
	106
	3335 a 4919
	1962

	897-132
	16.7 a 16.9
	-
	-
	1976

	899-169
	15.2 a 15.5
	-
	-
	1980

	973-014
	16.8
	110
	-
	1964
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Source: IPT. Report 15795, Vol. I (s/d)
These data on the age of water and time spent on the journey to where it was being removed, although not very representative, are quite enlightening when correlating with the paleoclimatic history of this Brazilian tropical zone, particularly the Northeastern subdued to the current semi-arid climate. The current paleoclimatic and geomorphological studies estimate that the last known ice age, of Wurn, begun around 65-70 thousand years, and was finished by 12 to 25 thousand years ago. It is also given that, by occasion of the glaciers at the poles, its effects in the tropics are manifested by severe tropical climates such as arid or semiarid, something comparative to what currently occurs in the searched area. With the difference that today, in full interglacial stage, remains the severity of climate in all its fullness. Would there have been, in the meantime, climate and vegetation conditions favorable to full supply of that groundwater?
Taking this as true, and applying it to the case of the studied area, it’s possible to hypothesize that the water is stored in the Sandstone Açu aquifer comes from rain that has fallen in that probably wet phase, which indicates to be a fossil shell. As seen in previous items, the environmental factors acting on the outcropping area of the aquifer attest for a paleoenvironment characteristic of a not seasonal tropical hot and humid climate. With the end of that ice age and residence of a semi-arid climate, the whole forest vegetation developed in the area suffered from the effects of seasonal climate, becoming deciduous, stunted and carrier of selective species, skirting to the edge of extinction of most of them.
This means that at the time of the infiltration of the water now being used, there was an entire environmental processing fully supportive to this mechanism, mainly in terms of vegetation cover and of longer duration of annual rainfall. At present, in which all this was reversed, the dynamics of the environment, including anthropogenic component, there is no way to keep that same stage of equilibrium. And if, still, the infiltration capacity remained active, their insufficient volume would take almost 5000 years to reach the destination where it is being exploited. These facts justify the broad and quick lowering of the aquifer level process. And along with it, all evidence was pointing to an impossible refueling, at least in the contemporary environmental conditions. As a result, it is concluded that it was a water storage actually fossilized.
5. Analysis
The discussion, altogether, of these results shown thus far allows for a framework that had originally been an object of suspicion: the “Açu Sandstone aquifer” emptying and its relationship with deforestation/drainage of its recharge zone. In fact, to those initial factors, such as the short rainy season in the area, a very small area of outcrop and the restrictions of infiltration, in addition to large-scale exploitation of their waters, these amounted to only confirm what until then was configured as an assumption: the lowering of piezometric level of the aquifer driven by strong human interference through systematically continued deforestation and uncontrolled use of water exploitation.
Considering the age of waters between the minimum of 13.6 and maximum of 17 thousand years, means that there was stoppage of infiltration along that geological period. Coincidentally, the moment the climate moved to semiarid. And with it the vegetation, that was previously forest, has been retracted. So, without favorable vegetation and sufficient rainfall water, the system collapsed in the sense of the aquifer replenishment. Regarding the participation of the anthropogenic factor, which began to intervene only from the sixteenth century, its contribution concerning the water infiltration can even be considered little significative. But towards the emptying of the groundwater or the reduction of its volume, and with the consequences resulting from such interference was highly relevant in the negative sense of the system balance. From the natural point of view, it evidenced itself by the influence of semi-arid climate that the area has been subjected to – climate that was installed soon after the warm and humid period that bad-weathered rocks and favored the vegetation and pedogenetical development (the same that today still make themselves witnessable). This climatic inversion wasn’t only responsible for the truncation of that development, but also by the natural shrinkage of all components related to the vegetation, even in systemic, biotypes and physiognomic-structural factors, and, by extension, the whole area mechanism of hydrological and hydrogeological system. That’s the reason why it is considered fragile and disjointed, as much as the vegetation will no longer revert to its original stage without the being of a returning to a climate favorable to this new phytoenvironmental stage before.
In any of the surveyed reports was discussed this possibility of the loss of rainfall infiltration necessary for the reconstruction of the explored volume, mainly due to deforestation. Thus, for example, the work of Rebouças et al (1967), that considered the average infiltration rate around 0.9% of total rainfall precipitation in the area, does not include the vegetation factor in the calculation of this coefficient. The same happens in IPT’s report (s/d), which estimated an infiltration rate of about 4.2% of rainfall. In it, were considered only the factors: soil permeabilization and land slope. This differentiation of values also occurred in the calculations of the flow of superficial drainage. While Rebouças et al (1967) estimate that in 5 million m³/year, IPT considers them around 19 million m³/year.
[bookmark: result_box]The flow of natural drainage estimated by Rebouças et al (1967), as being 5 million m³/year, if this value is exploited only in the course of each year, or the equivalent of around 578 m³/h, the permanent reserves (total volume of the reservoir) would not be affected. These authors, when considering that the captivating systems would only allow exploitation around 1/3 (one third) of the reserves, this amount, in the case of Açu, would last for 400 years to be emptied of its 120 billion m³ estimated, once the bulk of the holding reached only refueling level. This forecast was still considered that the population increase would be doubled every twenty years. The recommendation given for that work was that, since it is an aquifer under pressure, and being located in the coastal zone, it would be rational to exploit it without worrying about feedback. Clearly, by the limitations that have already been placed, this view should not be at all taken into consideration.
[bookmark: result_box1]In comparison, the calculations of IPT (s/d), which calculated the infiltration rate at 4.2% of rainfall in an area of only 1055km² considered favorable, the study concluded for a period of use of the aquifer, to the drain of its total 181 billion cubic meters of reserves, about 13.115 years, once kept the charges, discharges and exploitation rates. The values obtained for these rates, which were called water balance, was of 20.6 billion m³/year for recharge; 18.9 billion for natural drainage or discharge, and 15.4 billion for the volume explored. Subtracted these from the first, got a water deficit of 13.7 billion m³/year. This annual deficit would provide a lowering of water level of 4.4 meters per year.
[bookmark: result_box2]In turn, ATEPE’s report (1986), which doesn’t even exact the data on that same level of details, however, estimates that the maximum lowering of 675 meters would be reached by the end of 127 years. This can be understood as the emptying of the aquifer, if maintained the actual levels of exploitation. However, when considering a population increase of 100% every 20 years, and based on a per capita consumption of 250 liters/day, the work got a demand forecast for the year 2010 around 4580 m³/h – or 40.12 million m³/year. Being this value three times the calculated discharge rate at the time, the work admits that it would involve a lowering of 403 meters to date, which would make the pumps unviable, since the dynamic levels would go 378 meters deep, which would place it way below the pumping chambers of the wells. Points, however, that this could only happen if the new wells should be drilled to meet future demand, in a total of 18 (eighteen), should be drilled in the same area of the existing ones – affirming, thus, that this unviabilization was not due to productive inability of the aquifer, but to poor distribution of future wells. It should be remembered in time that the data contained in that report does not refer to Potiguar Basin as a whole. Its scope is limited to the region of Mossoró and its neighborhoods, places where the battery of wells CAERN is concentrated.
[bookmark: result_box3]Yet within this diversified opposition data, either by structural or methodological issues, at least one more comparison fits. It refers to the estimated infiltration volume in m³ per year, of rainfall in the outcrop area of “Açu Sandstone Aquifer”, accounted in the work of Rebouças et al (1967) and IPT (s/d). From the first was considered that in the area of exposure to rain, without restriction of greater or lesser capacity of infiltration, the volume would be reached around 26.1 million m³ per year.
[bookmark: result_box4]Facing an information board of this nature and magnitude, it becomes very difficult, if not risky in terms of reliability, to formulate any consistent opinion that serves to support the assumptions sought by this study. Just to illustrate, it comes to flee to understand the fact that the “Açu Sandstone Aquifer”, according to IPT, for 13,115 years would be emptied, by maintaining the levels of incoming and outgoing water at the time, with a deficit water of 13.7 billion m³ per year. It is known that, with this deficit, the piezometric level would be reduced by 4.4 meters each year. Considering an average 150 meters thickness for the aquifer, according to calculations of the same work, also considering that the dynamic and static levels of the wells are reduced in proportion of 4.4m/year, the emptying time would be only slightly more than 34 years. Value very close to that obtained by ATEPE (1986), taking as correct the data given by Rebouças et al (1967) that the aquifer can only be explored in only 1/3 (one third) of its volume. Furthermore, admitting this hypothesis also for the previous case, those found 34 years would be reduced to just only a little bit over 11 years. In this case, by contrast, the lifetime of exploration would already be too short. As one can see, in fact there are no conditions to find elements able to support one or another of the cited studies.
[bookmark: result_box5]Returning to the point where it made reference between deforestation of the recharge zone, the exploration and the status of the aquifer, it is worth repeating that the relationship is straightforward and on it relies almost the entire center of discussions. Unfortunately it's not available here, as has been unwilling in those referenced works in safety measures on the exact infiltration volume of rainwater in cubic meters to the effect of the aquifer feedback. And, even less, of the exclusive percentage of each parcel that by its physical characteristics are individualized in relation to others.
[bookmark: result_box6]Failing that, it was forced to admit, given the circumstances and the limited data available, that the system was marching to a stage of unbalance with bleak consequences for the people who use the water supplied in the referenced aquifer.
[bookmark: result_box7]6. Conclusions and Recommendations
[bookmark: result_box8]The conclusions that were taken embrace a wide variety of topics, even within just the Phytogeography, which was the discipline guiding this research. This line of approach was defined as a “Study of Applied Phytogeography” (Assis, 1989). In this particular study, there was the incompatibility of operation in balance between the volume of exploitation of the aquifer through wells drilled, and the current state of the vegetation that regulates the infiltration of rainwater suppliers of the aquifer. In this way, and according to the results obtained and analyzed in previous sections, all that was possible to draw as conclusive material, along with what was possible to suggest just for contribution, are subordinate to this basic principle of this new scientific approach. In this line of reasoning, the conclusions were as follow:
· [bookmark: result_box9]It was found, through the interpretation of images and field checks conducted during the surveys, that the outcropping area of Açu Sandstone had been completely deforested, with alarming consequences. Examples are: the interruption of water infiltration, the extinction of native biodiversity, accelerated soil erosion, desertification.
· The level lowering of the aquifer was confirmed in levels: piezometric, static and dynamic of the wells in operation. Moreover, forecasts, although somewhat disparate, pointed to a likely drain to the years between 2010 and 2020.
· Full logging of the infiltration area contributed, definitely, to the disappearance of all the biota component of the original vegetation that made up the phytoambiental system developed under hot and humid tropical climate without the annual biologically dry season.
· Data on the age of water pointed to confirm that, in the contemporary environmental conditions, there would be no possibility of receiving rainfall for the aquifer’s replenishment.
Viewed these major and summarized considerations made in the context of the conclusions, it was realized that the heart of the matter is primarily centered on three fundamental points: one of purely natural order, and two due to human action. The one of natural order had the semiarid climate as the responsible for not replenishing the water as there was no rain in sufficient quantities. While the anthropic revealed themselves by the widespread deforestation on one hand and the uncontrolled use of water and ignorance of the consequences on the other side. So what is consecrated as a renewable natural resource, no longer pointed to this possibility.
From the above considerations about the results reflected, it was felt necessary to propose some recommendations, which are limited to those thought of the best convenience, as follows:
· It is essential to, alongside the exploitation of the aquifer and the increase in drilling more wells in attendance to the ever increasing demand, keep a tight control, based on a more secure knowledge of underground water potential. This knowledge relates to the volume as accurate as possible of the permanent reserve, of the current total consumed and the projected towards the future, year after year, until the evacuation. As well as continuous monitoring of the situation of static and dynamic levels of the wells and, by extension, the piezometric levels achieved by each battery of operating wells.
· Having overcome these initial premises and exercised full control of the situation, should leave to the idealization of alternative ways of producing water to complement and even replace what was being withdrawn from the aquifer.
· The complementation could be made by exploiting a larger volume of “Jandaíra Limestone Aquifer”, in that that the quality of its water would allow destination to public consumption. In taking this initiative, however, all work of knowledge and monitoring would be required also for their reserves. At first it was assumed that that aquifer (Jandaíra) would not fit on the same level of threat that the Açu Sandstone, because the recharge zone is wide, flat and still had the original vegetation cover in proportions considered satisfactory.
As for the definitive replacement of the final potential consumed during the emptying of the groundwater the best alternative that presented itself at the time was the use of surface water. Of course by building dams, especially upstream of the basin, mainly in the rivers that cross it – having Piranhas-Açu and Apodi as the most suitable.
Project in this direction should be provided as soon as possible, in order to use the current first dam of that river, upstream of the town that gave it the name: Açu.
Subsequent to this research, the waters of the dam, called “Engineer Armando Ribeiro Gonçalves”, began to supply the urban areas circumscribed within the basin perimeter, especially the largest of all: the city of Natal, substituting the explored waters of “Açu Sandstone aquifer”. However, despite this, the project shall continue to expand, due to the incessant increases in demand driven mainly by population growth. For the design of new units of equal size of the referred dam, the Apodi river stands out as the most appropriate in current circumstances of distance from major urban centers distributed in the basin area, as well as their neighbors located in the south, in the crystalline basement. This river can accommodate several large dams that would serve even to perpetuate the whole valley, with recognized benefits other than just replacing Açu Sandstone groundwater.
(1) Artigo desenvolvido para inclusão em um Livro que seria publicado por um grupo de pesquisadores brasileiros e alemães, que não foi realizado. Ano de 2010.
 *É Geógrafo Doutor em Organização do Espaço e Mestre em Estudos Ambientais. Atuante no Zoneamento e na Análise Geofitoambiental para o Planejamento Territorial.
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