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Study of hydrogeological parameters impacting drilling productivity in the Bounkani Region (northeastern Ivory Coast)	Comment by USER: Remove this, refine your title to make it academically researchable
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ABSTRACT
	Drilling is the process of reaching underground water tables to collect water and supply populations with drinking water. It is therefore important to understand the hydrogeological indicators responsible for the productivity of a borehole located in these geological structures in bedrock environments. This is the context for the present study, carried out in the Bounkani region (northeastern Côte d'Ivoire). It is in this context that the present study was conducted in the Bounkani region (northeastern Côte d'Ivoire). The objective was to statistically determine the hydrogeological parameters responsible for optimizing the productivity of a borehole in order to guarantee a sustainable water supply for the populations of the Bounkani region. To achieve this objective, statistical analyses of the hydrogeological parameters were performed using Benford's law, the chi-square test, and focused principal component analysis (FPC) to obtain significant correlations between the hydrogeological parameters with a p-value < 0.05. Benford's law combined with the chi-square goodness-of-fit test showed that flow rate and specific flow rate obey Benford's law. However, the static level, alteration thickness, water arrival depth, and total drilling depth contradict this law. In addition, flow rate, specific flow rate, and water inflows are predominant in the first 60 meters of total drilling depth. Water inflows are mainly observed when alteration thicknesses are located within the first 41 meters, which also shows low fluctuation in static levels in boreholes in the Bounkani region.	Comment by USER: Redefine this to look more scientific	Comment by USER: Is this the only purpose?	Comment by USER: Did you intend to use this term here?	Comment by USER: Why this study area?	Comment by USER: Hydrogeological parameters are measurable and thefore can be statistically co-related, so what is your study? Why carryout the study? Your problem statement needs to come out clearly	Comment by USER: Did you do any sampling ? what sample was considered in this study? Did you collect any data? How?	Comment by USER: So why is this an important obseravtion? How does it solve your reaserch problem




Keywords: Hydrogeological parameters, Productivity, Fracture aquifers, Bounkani region, Ivory Coast
1. INTRODUCTION
Due to climate change (drying up and depletion of surface water) and anthropogenic pollution affecting surface water, groundwater is increasingly being exploited to supply urban and rural areas. In areas with crystalline and crystallophyllian bedrock, groundwater is found in fracture and weathering aquifers (Koudou et al., 2014). However, it is fracture and fissure aquifers that are desirable for supplying drinking water to populations. Fracture aquifers are generally identified either by geophysics (Kouassi et al., 2018 ; Bouadou et al., 2019), remote sensing (Mangoua et al., 2019 ; Coulibaly et al., 2021), or a combination of the two methods (Bouadou, 2022) prior to mechanical drilling. At the end of the drilling process, once the borehole has been delivered, the hydrogeological parameters are finally known. These include the thickness of weathering (EA), the total depth drilled, the depth of water inflows, the flow rate, the static level, and the specific flow rate, etc.	Comment by USER: Is this gramatically right?	Comment by USER: Something is just not right about this sentence	Comment by USER: Have a section to discus these parameters, expalin their interaction, their effect on  yield, parameters chosen for this study and why? Probably this should be in the methodology 
Knowledge of hydrogeological parameters makes it possible to gauge the productivity of boreholes in order to get an idea of the yield of the catchment structure over time. Thus, research by Richard (2015) found that specific flow rate is the most important indicator of productivity. Meanwhile, Coulibaly (2009) used flow rate and Lasm et al. (2014) and Kouadio (2021) presented weathering thickness, total drilled depth, and water inflow depth as parameters of borehole productivity.	Comment by USER: What about their findings? Where was the study conducted? Is there any study that contradicts?
Given these differences between authors, what are the hydrogeological parameters that significantly impact the productivity of a borehole in providing safe, long-term drinking water to populations in bedrock areas ? Being located in a bedrock area, the Bounkani region is by no means immune to this problem. This issue therefore prompted the objective of this study, which is to statistically determine the hydrogeological parameter(s) responsible for optimizing the productivity of a borehole in order to guarantee a sustainable supply of drinking water to populations in the long term.	Comment by USER: You have not carried out your reserach, compare several authors on the topic, assess their findings, indicate gaps in their resaerch then answer this question	Comment by USER: It is not clear why this study must be in this region
2. Presentation of the study area
The Bounkani region is located in the northeastern part of Côte d'Ivoire between longitudes 2°34'51.6“ and 4°20'02.4” West and latitudes 8°10'55.2“ and 9°59'34.8” North. The terrain is varied, consisting of plateaus and mountains. The plateaus slope in a north-south direction, and the highest point is Mount Bowé (725 m) located in Bouna (Kouadio, 2013). The region has a transitional tropical climate (UNEP-GEF Volta Project, 2008), with average temperatures ranging from 24°C (August) to 28°C (March). February to April are the hottest months (average temperature of 30°C).
The drainage system in the west and center is provided by the tributaries of the Comoé River (Iringou, Bavé, Bouin, and Kongo) and in the east by the tributaries of the Black Volta (Binéda, Kolodio, and Koulda). The hydrogeological context is governed by a composite aquifer consisting of alterite aquifers or shallow aquifers and bedrock aquifers or fissure and fracture aquifers (Bouadou, 2022). Their geological structure is marked by an alternation of lower Proterozoic complexes and Birimian series (Tagini, 1971) (Figure 1).
[image: ]
Fig. 1. Geological map of the Bounkani region (Tagini, 1971)


3. Methodology	Comment by USER: You got it wrong on this section, do research on how you need to show methods used, why choice of those methods, smple size and sampling, field measurement and general sources of data. Lack of all these, will lead to querries on authenticity of your work
3.1 Benford's law 
To gain a better understanding of hydrogeological parameters, Mangoua et al. (2019) conducted a critical test on the parameters of boreholes in bedrock using Benford's law. This law highlights irregularities in borehole data. The probabilities of the first digits appearing were determined by the following expression:	Comment by USER: Where did you collect data? What type of reserch is this? Your research lacks very important stages which are mandatory. 

So for a value of the first digit n = 1, approximately 0.3010 of numbers begin with “1,” while the probability of occurrence for n = 9 falls to 0.0458 for numbers beginning with “9”.
In practice, curves for each parameter studied were plotted and compared to the model curve for the occurrence of the first digits in Benford's law. This law was applied to specific flow (Qs), flow (Q), drilled depth (Pt), static level (NS), water arrival depths (AE), and weathering thickness (EA).
3.2 Benford's law compliance test: Chi-square test (χ2)
The Chi-square test was used to verify whether the hydrogeological parameters of the boreholes follow Benford's law (null hypothesis H0) or not. It is based on the distribution of observations into classes and then on the comparison of the observed numbers per class with the theoretical numbers (Bonache et al., 2013). It is valid if the data studied are independent. The Chi-square test (χ2) is a statistical test designed to determine whether the difference between two frequency distributions is attributable to sampling error (chance) or is large enough to be statistically significant. To do this, the Chi-square test (χ2) is determined according to the following expression:

With, : observed frequency for the first digit i; : theoretical frequency for the first digit i according to Benford's law.
Next, the calculated Chi-square () is compared to the threshold Chi-square () with 8 degrees of freedom for a probability of error of 0.05, or 5%. Based on this comparison, we can deduce that:
· , the H0 hypothesis is accepted (the parameter follows Benford's law): the distribution of the theoretical and observed counts is not significantly different;
· , the H0 hypothesis is rejected at the significance threshold with a 5% risk of error (the parameter does not follow Benford's law): the distribution of the theoretical and observed numbers is significantly different.
3.3 Focused principal component analysis (FPCA)
Focused principal component analysis (FPCA) is an exploratory post-hoc analysis method used to search for relationships between a group of variables based on a given characteristic of the sample (Canuto et al., 2010). This analysis has therefore made it possible to identify significant relationships between the various hydrogeological parameters in order to provide information on the productivity and profitability of boreholes. The hydrogeological parameters to be analyzed are specific flow rate (Qs), well yield (Q), drilled depth (Pt), alteration thickness (EA), static levels (NS), and water arrival depths (AE). 
It should be noted that the Focused Principal Component Analysis (FPC) was performed with the R software using the psy package (Falissard, 2012).
However, the results of the Focused Principal Component Analysis (FPC) made it possible to carry out relational studies between the hydrogeological parameters that were significantly correlated with the dependent hydrogeological parameter with p < 0.05.
4. results and discussion
4.1 Results
4.1.1 Benford's Law and Chi-square test
4.1.1.1 Flow rate
The flow curve has a parabolic shape and is not very consistent with Benford's law (Figure 2). This is because the flow curve and Benford's law emphasize the first digits “1,” “3,” “4,” “6,” and “9.” However, the Benford's law goodness-of-fit test shows that the flow rates obey Benford's law because its chi-square (14.21) has a value lower than the chi-square threshold (15.51).

Fig. 2. Comparison of Benford's curve with the flow curve
4.1.1.2 Static level
The static level curve does not correspond to Benford's law because its shape is very contrasting (Figure 2). The first digits “1,” “6,” “6,” and “9” appeared frequently. The probabilities of occurrence are higher than those predicted by Benford's law. The Benford's law goodness-of-fit test shows that its chi-square (40.91) is greater than the chi-square threshold (, and therefore negative at the 5% acceptance threshold. We can deduce from these results that the static levels reject Benford's law because the H0 hypothesis is rejected.

Fig. 3. Comparison of Benford's curve with that of the static level
4.1.1.3 Alteration thickness
Figure 4 shows the probability curves for alteration thickness values based on the first digit values according to Benford's law. Referring to the ideal Benford curve, we can see that the alteration thickness varies greatly and does not follow Benford's proposed curve. We frequently see the digits “1,” “2,” and “3.” The Benford's law goodness-of-fit test shows that the chi-square (=33.32) of the alteration thicknesses is greater than the chi-square threshold (15.51), and therefore negative at the 5% acceptance threshold. We can therefore conclude that hypothesis H0 is rejected. Thus, the alteration thicknesses reject Benford's law.

Fig. 4. Comparison of Benford's curve with that of alteration thickness
4.1.1.4 Water arrival depths
The comparison of Benford's curve with that of water inflow depths is similar to that of total drilled depths (Figure 5). The first digits “3,” “4,” and “5” frequently appear because they have higher probabilities of occurrence than those predicted by Benford's law. The Benford's law goodness-of-fit test shows that the chi-square (=173.15) of water arrival depths is greater than the chi-square threshold (=15.51), and therefore negative at the 5% acceptance threshold. We can therefore conclude that hypothesis H0 is rejected. Thus, water arrival depths reject Benford's law.

Fig. 5. Comparison of Benford's curve with that of water arrival depth
4.1.1.5 Total depth drilled
The curve of drilled depths does not correspond to Benford's law because the pattern of the curve of drilled depths is very contrasting (Figure 6). The first digits “4,” “5,” “6,” “7,” “8,” and “9” appeared frequently. The probabilities of occurrence are higher than those predicted by Benford's law. The Benford's law adequacy test shows that the chi-square (286.94) of the drilled depths is greater than the chi-square threshold (, and therefore negative at the 5% acceptance threshold. We can therefore conclude that hypothesis H0 is rejected. The drilled depths therefore reject Benford's law.

Fig. 6. Comparison of Benford's curve with that of total depth drilled
4.1.1.6 Specific flow rate
The specific flow curve has a parabolic shape and is not very consistent with Benford's law (Figure 7). The first digits “1,” “2,” “5,” “6,” “8,” and “9” are commonly observed. However, the Benford's law goodness-of-fit test shows that specific flows obey Benford's law because they have a chi-square (7.28) lower than the chi-square threshold (15.51).

Fig. 7. Comparison of Benford's curve with that of Specific flow rate
4.1.2 Focused Principal Component Analysis of hydrogeological parameters
The results of the focused principal component analysis (FPCA) indicate that there are certain significant correlations between hydrogeological parameters with a p-value < 0.05 (Figure 8). Flows are positively correlated with specific flows (r = 0.584) and negatively correlated with total drilled depths (r = -0.31). Static levels are weakly and positively influenced by alteration thicknesses (r = 0.224). Alteration thicknesses also show a positive correlation with water inflows (r = 0.357). Total drilled depths also have positive correlations with water inflows (r = 0.40) and negative correlations with specific flows (r = -0.28). The summary of the results of the focused principal component analysis revealed significant relationships between:
· flow rate (Q) and specific flow rate (Qs);
· flow rate (Q) and total drilled depth (Pt);
· total drilled depth (Pt) and specific flow rate (Qs);
· total drilled depth (Pt) and water arrival depth (AE);
· static level (NS) and alteration thickness (EA);
· alteration thickness (EA) and water arrival depth (AE). 
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Fig. 8. Focused principal component analysis of hydrogeological parameters (Q = flow rates; AE = water arrival depth; EA = alteration thicknesses; Pt = total drilled depth; NS = static level; Qs = specific flow rate)





4.1.3 Focused Principal Component Analysis of hydrogeological parameters
4.1.3.1 Flow rate (Q) and specific flow rate (Qs)
The specific flow rate and flow rate are represented on a double logarithmic graph (Figure 9). The various points show a straight power-type trend line with slight dispersions. This resulted in a weak correlation between these two parameters with a coefficient of determination of R2 = 0.3302 (r = 0.5746 or r = 57.46%) and a straight line equation expressed as:

The value of the correlation coefficient shows that the specific flow rate and the flow rate are 57.46% similar. The remaining 42.54% represents flow losses when there is a sudden increase in drawdown while the well is in operation.

Fig. 9. Relationship between flow rate and specific flow rate
4.1.3.2 Flow rate (Q) and total drilled depth (Pt)
Figure 10 shows a distribution of flow rate as a function of total drilled depth. A scatter plot around a power regression line was observed, yielding an equation with a negative slope (-0.113). This negativity demonstrates that flow rate decreases gradually with increasing total drilled depth.

Fig. 10. Relationship between flow rate and total drilled depth
4.1.3.3 Total drilled depth (Pt) and specific flow rate (Qs)
To verify the impact of total drilled depths on specific flow rates, a graph showing the cumulative specific flow rates as a function of depth has been created (Figure 11). Specific flow rates increase in the first 60 meters of depth. Beyond this depth, specific flow rates are constant and low. This consistency in cumulative specific flow rates is linked to very low specific flow rate values at depths greater than 60 m (Pt > 60 m).

Fig. 11. Influence of total drilled depth on specific flow rate
4.1.3.4 Total drilled depth (Pt) and water inflow (AE)
The first water inflows increase between 40 and 55 m total drilled depth. After reaching 55 m drilled depth, a drop in water inflow frequency is observed (Figure 12). This shows that drilled depths in the 40 to 60 m range are favorable for good drilling performance.

Fig. 12. Influence of drilled depths on water inflows
4.1.3.5 Alteration thickness (EA) and water arrival depth (AE)
The distribution of water inflows based on weathering thicknesses shows a more or less scattered scatter plot, with no clear trend emerging (Figure 13). However, analysis of Figure 13 reveals the presence of low water inflows for alteration thicknesses greater than 41 m. Consequently, alteration thicknesses less than 41 m allowed for the maximum number of water inflows to be observed.

Fig. 13. Distribution of water arrival depth according to alteration thickness
4.1.3.6 Static level (NS) and alteration thickness (EA)
Figure 14 shows the vertical distribution of static levels per meter of Alteration thickness. Alteration thicknesses (EA) vary from 2.8 m to 60 m, with an average of 21.01 m. Static levels per meter of alteration thickness range from 0.024 m/EA to 4.44 m/EA, with an average of 0.62 m/EA. This illustration shows a gradual decrease in static levels per meter of alteration thickness as alteration thicknesses increase. High alteration thicknesses often result in high total drilling depths, which cause the static level to drop because the recorded water inflows are absorbed by one or more bottom holes that change the water level in the borehole.

Fig. 14 Distribution of static level per meter of alteration thickness
The graph showing the cumulative static level per meter of alteration thickness as a function of alteration thickness produced an exponential curve that showed a favorable alteration thickness threshold for a small decrease in the static level (Figure 15). Thus, for a total cumulative value of 68.48 m/mEA, equation (4) gave a threshold of approximately 41 m of alteration thickness at which the static level decreases slightly.


Fig. 15. Cumulative percentage of static level per meter of alteration thickness according to alteration thickness
4.2 Discussion
Analysis of the hydrogeological parameters of boreholes in the Bounkani region has made it possible to determine indicators for optimizing the productivity of water collection structures located in fractured aquifers. According to Lasm et al. (2014), in fractured aquifers, in addition to fracture density and orientation, the productivity of boreholes can also be influenced by certain hydrogeological parameters of the water collection structures. The static level, total drilled depth, depth of water inflows, and alteration thicknesses were rejected by Benford's law and its goodness-of-fit test. These results corroborate those of Gauvrit et Delahaye (2009), which show that certain parameters cannot obey Benford's law, even if their data are spread out and regular. In other words, if there is a discrepancy with Benford's law, this does not cast doubt on the authenticity of the data. The static level fluctuates according to the seasons and is due to exchanges between the water table and a surrounding watercourse or heavy use of water from the borehole by the population. The thickness of weathering, the depth of water inflows, and the total depth of boreholes are subject to financial constraints and also to poor measurement by the drilling technician. However, knowledge of hydrogeological parameters that may follow Benford's law must be recorded, as indicated in Mangoua et al. (2019). In the case of this study, flow rate and specific flow rate were the hydrogeological parameters that followed this law. As in Coulibaly (2009) and Mangoua (2013), which were conducted in the department of Katiola (central-northern Côte d'Ivoire) and in the Baya watershed (northeastern Côte d'Ivoire), respectively, flow rate and specific flow rate obeyed Benford's law.	Comment by USER: Which seasons? What were the seasonal findings?	Comment by USER: Referencing is wrong
Focused principal component analysis revealed significant correlations between hydrogeological parameters. Thus, flow losses beyond total drilled depths greater than 60 m cause a gradual increase in drawdown, leading to specific flow declines. According to Biémi (1992), Gombert (1997), Kouadio (2005) and Kouadio et al. (2010), over-excavation is unnecessary. Furthermore, flow rate and specific flow rate losses can be explained by the fact that at great depths, dry or sterile fractures can be intersected by drilling and absorb the quantities of water observed in the first depths of the drilled bedrock. Losses in flow rates were observed by Baka (2012) during his work in the Oumé region. Finally, for alteration thicknesses with a limit of 41 m, water inflows are observed on a massive scale and fluctuations in static levels are low. In fact, thick alteration layers often result in deep total drilling depths, which cause the static level to drop because the recorded water inflows are absorbed by one or more deep holes that change the water level in the borehole.
5. Conclusion
This study provides indicators that will be used to optimize the productivity of water drilling in the bedrock environment of the Bounkani region. Initially, Benford's law combined with the Chi-square goodness-of-fit test showed that flow rate and specific flow rate obey Benford's law and therefore depend on the natural conditions of the environment. However, the static level, alteration thickness, water arrival depth, and total drilling depth contradict Benford's law. In addition, focused principal component analysis showed that certain hydrogeological parameters are significantly correlated with a p-value < 0.05. These correlations have proven that:
· The loss of flow rate results in low specific flow rate for a gradual increase in drawdown.
· Flow rate, specific flow rate, and water arrival depth are predominant in the first 60 meters of total drilled depth.
· Water arrival depths are mainly observed when alteration thicknesses are less than 41 m, depths at which static levels decrease slightly.
Thus, based on these relationships between hydrogeological parameters, even if the correlations between them are weak or strong, neglecting a parameter can lead to poor drilling performance or even negative drilling after a few years of operation of the catchment structure by the population.	Comment by USER: How is the finding helpful? Do you reccommend anything? This does not justify the purpose of your research
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Benford	1	2	3	4	5	6	7	8	9	0.3010299956639812	0.17609125905568124	0.12493873660829993	9.691001300805642E-2	7.9181246047624818E-2	6.6946789630613221E-2	5.7991946977686733E-2	5.1152522447381291E-2	4.5757490560675143E-2	Water arrival depth	1	2	3	4	5	6	7	8	9	1.7543859649122806E-2	0.14035087719298245	0.28947368421052633	0.37719298245614036	0.14035087719298245	3.5087719298245612E-2	0	0	0	Value of the first digit


Probability of occurrence




Benford	1	2	3	4	5	6	7	8	9	0.3010299956639812	0.17609125905568124	0.12493873660829993	9.691001300805642E-2	7.9181246047624818E-2	6.6946789630613221E-2	5.7991946977686733E-2	5.1152522447381291E-2	4.5757490560675143E-2	Total depth drilled	1	2	3	4	5	6	7	8	9	0	0	0	0.15517241379310345	0.43965517241379309	0.1206896551724138	9.4827586206896547E-2	6.8965517241379309E-2	0.1206896551724138	286.93794764770564	Value of the first digit


Probability of occurrence




Benford	1	2	3	4	5	6	7	8	9	0.3010299956639812	0.17609125905568124	0.12493873660829993	9.691001300805642E-2	7.9181246047624818E-2	6.6946789630613221E-2	5.7991946977686733E-2	5.1152522447381291E-2	4.5757490560675143E-2	Specific flow rate	1	2	3	4	5	6	7	8	9	0.27586206896551724	0.18103448275862069	9.4827586206896547E-2	8.6206896551724144E-2	0.10344827586206896	0.11206896551724138	3.4482758620689655E-2	5.1724137931034482E-2	6.0344827586206899E-2	Value of the first digit


Probability of occurrence




Qs = 0.0629Q1.104
R² = 0.3302

0.3	0.3	0.4	0.38	0.6	0.4	0.3	0.3	0.6	0.7	0.6	0.5	1	0.8	0.4	0.5	1.5	1.5	1.02	2	4.0999999999999996	1.2	0.7	1	1.4	14	1	1.8	1.9	0.6	1.2	1.8	1	1.2	1	0.4	0.8	0.75	1.0920000000000001	0.65	3	1	2.1	0.3	1.1000000000000001	2.8	1.1200000000000001	1	1.1599999999999999	1.1000000000000001	2	0.98	1	1	1	0.8	1.5	3	3.6	1.5	1.3	1.96	1.35	2	3.8	3.6	1.7	2.8	1.4	1.4	4.6500000000000004	2.0499999999999998	0.64	4.0999999999999996	3	1.4	3.1	5.4	3.8	2.8	5.6	5.5	3.96	3.8	9	4.1500000000000004	6.2	6.2	3.5	12	1.3	5.1420000000000003	4.3	2.5	9	4.3	1.9	6.75	1.1000000000000001	10.25	0.7	4.08	17	9.3000000000000007	4	13.5	4.2	3.3	5.5	9.9	5.2724080000000001E-3	5.751534E-3	7.3126140000000003E-3	7.524752E-3	9.1324200000000005E-3	9.8280099999999999E-3	1.0822511E-2	1.1144131E-2	1.1333585E-2	1.3808050000000001E-2	1.5971605999999999E-2	1.6188870000000001E-2	2.0189783999999999E-2	2.0871379999999998E-2	2.1739129999999999E-2	2.2140221000000002E-2	2.9515939000000001E-2	3.0731406999999999E-2	3.0908715999999999E-2	3.4458994E-2	3.7837837999999999E-2	3.8675369000000001E-2	3.9365773999999999E-2	4.0700040999999999E-2	4.4014085000000001E-2	4.5283019000000001E-2	4.5502423E-2	4.5529048000000003E-2	4.9650192000000003E-2	5.0825921000000003E-2	5.2178450000000001E-2	5.3460053E-2	5.4540496000000001E-2	5.5126792000000001E-2	6.1481709000000002E-2	6.1484453000000001E-2	6.1686086000000001E-2	6.1881187999999997E-2	6.6489361999999996E-2	6.7010309000000004E-2	6.7873302999999996E-2	6.8050357000000006E-2	6.9422572000000002E-2	7.0588234999999999E-2	7.3388641000000004E-2	8.1128748000000001E-2	8.4530854000000002E-2	8.7310826999999994E-2	8.7719298000000001E-2	9.3050305E-2	9.5724314000000005E-2	0.103950104	0.10714285699999999	0.109229929	0.113227092	0.117531832	0.119189511	0.120192308	0.123558484	0.130264872	0.14713896500000001	0.15189873400000001	0.155350978	0.160535117	0.16273393	0.17146017699999999	0.182918149	0.18431831500000001	0.201477502	0.20949720699999999	0.21213906900000001	0.213827512	0.222222222	0.237435694	0.25	0.260552371	0.27074542899999998	0.27855153199999999	0.28213166099999998	0.29325513199999997	0.299102692	0.31065548300000001	0.31441047999999999	0.32345013500000003	0.32608695700000001	0.33400133599999998	0.41305693100000002	0.44850498300000002	0.46272493599999998	0.47443331599999999	0.5	0.5	0.54229934899999999	0.54992764100000002	0.58055152399999999	0.66379310300000005	0.66801619400000001	0.69364161800000002	0.80274442499999998	0.80959520200000001	0.94470046100000005	1.0238907850000001	1.153846154	1.172638436	1.2658227849999999	1.4705882349999999	1.5797788310000001	1.638349515	1.680672269	2.0881670529999998	Flow rate Q (m3/h)


Specific fflow rate Qs (m3/h/m)



Pt = 64.964xQ-0.113
R² = 0.2609

1.4	2.8	12	0.64	3.3	4.2	3.96	1	2	10.25	13.5	3.6	0.7	1.1200000000000001	1.96	2	1.0920000000000001	0.98	4	0.8	4.08	3	1.1599999999999999	3	5.4	1.5	2	0.5	4.6500000000000004	1	3.1	4.3	1.9	3.5	1.35	6.2	1	2.1	1	3.8	2.8	1	1.2	14	4.3	4.0999999999999996	17	5.1420000000000003	1.3	0.4	3.8	6.75	5.6	4.1500000000000004	3.8	3.6	1	1.2	0.8	4.0999999999999996	0.7	5.5	1	1.2	1.4	2.5	9	2.0499999999999998	1.5	1.4	9.9	9	5.5	0.6	6.2	1.1000000000000001	1.4	0.6	1	0.7	1.1000000000000001	1	1.1000000000000001	1.9	1.3	0.4	3	1.7	1.5	0.75	0.3	1.8	1.5	2.8	1.02	1	0.65	9.3000000000000007	0.6	0.6	0.3	0.4	0.5	0.3	0.3	0.3	1.8	0.38	0.4	0.8	41	41	41.7	41.81	43	44	45	45	45.78	47	47	47.05	47.1	47.34	48	48.58	48.68	49	50	50.1	50.15	50.99	51.33	51.65	52.2	52.3	52.39	52.4	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	54	54.55	54.72	56	56.85	57.53	57.6	57.63	57.8	58.73	59	59	59	59	59	59	59	59	59	59	59.5	59.84	60.15	60.7	60.71	60.72	61.89	65	65	65	66	67	68	69.05	69.84	71	71	71	71	71	73.150000000000006	73.39	75.5	77	77	80	83	83	83	83	83.85	86	89	94.35	95	95	95	95	95	95	95	95	95	95	97	Flow rate Q (m3/h)


Total drilled depth Pt (m)



0.65	0.859497207	1.152752339	1.627185655	1.849407877	2.479407877	2.569407877	2.839407877	4.477757392	6.057536223	6.371946703	6.485173795	6.519632789	7.329227991	8.799816226	8.899816226	9.02337471	9.03718276	9.121713614	9.273612348	9.434147465	9.500636827	9.604586931	10.87040972	10.98794155	12.01183233	12.26183233	12.28183233	12.36955163	12.48974394	14.25974394	14.53829547	14.65748498	14.7532093	14.76939817	14.98153724	15.47153724	16.84153724	16.90958759	16.93402751	17.20477294	17.74707229	18.30707229	18.97508848	19.43781342	19.5931644	19.6931644	20.10622133	20.14692137	20.21634394	20.32557387	20.60770553	20.79202385	22.31202385	22.37350556	22.42568401	22.84568401	22.89096702	23.55476013	24.99476013	25.02476013	25.05476013	25.37476013	25.85476013	25.89259797	27.04644412	27.54644412	27.63144412	28.13144412	28.15318325	28.31591718	29.0095588	29.30866149	29.64266283	29.96611296	30.13757314	31.13757314	31.18307556	31.23820235	31.25907373	31.32907373	31.60907373	31.84650943	31.88650943	32.83120989	33.42120989	33.73186537	33.78640587	33.82508124	34.02655874	34.57648638	34.90257334	35.11640085	35.14591679	35.18993087	37.27809792	37.34394252	37.92449404	38.30449404	38.44449404	38.54449404	38.62449404	39.93449404	40.71449404	42.39516631	42.43516631	42.71516631	42.7264999	43.17500488	43.97774931	44.23830168	44.25427328	44.36141614	44.40078191	44.42902828	44.52207859	44.54226837	44.61226837	44.78226837	44.85565701	44.90530721	44.94530721	45.09244617	45.15393062	45.22180393	45.24480393	45.42772208	45.46772208	45.59798695	45.65986814	45.67986814	45.75045637	45.79598542	45.82671683	45.90784557	45.93875429	46.02606512	46.04606512	46.11307543	46.42307543	46.44307543	47.61571386	47.63571386	47.68653978	47.6956722	47.70649471	47.71380733	47.73594755	47.75594755	47.76709168	47.77284321	47.77811562	47.78715041	47.84061046	47.84813521	47.85796322	47.86924354	47.93092962	0.65	0.85949720699999999	1.1527523390000001	1.6271856550000001	1.8494078770000002	2.4794078770000003	2.5694078770000002	2.8394078770000002	4.477757392	6.0575362229999996	6.3719467029999999	6.4851737949999997	6.5196327890000001	7.3292279909999998	8.799816225999999	8.8998162259999987	9.0233747099999988	9.0371827599999985	9.121713613999999	9.2736123479999986	9.4341474649999988	9.5006368269999992	9.604586931	10.870409715999999	10.987941547999998	12.011832332999999	12.261832332999999	12.281832332999999	12.369551630999998	12.489743938999998	14.259743938999998	14.538295470999998	14.657484981999998	14.753209295999998	14.769398165999998	14.981537234999998	15.471537234999998	16.841537234999997	16.909587591999998	16.934027510999996	17.204772939999998	17.747072288999998	18.307072288999997	18.975088482999997	19.437813418999998	19.593164396999999	19.693164397	20.106221328	20.146921369000001	20.216343941000002	20.325573870000003	20.607705531000004	20.792023846000003	22.312023846000002	22.373505555000001	22.425684005000001	22.845684005000003	22.890967024000002	23.554760127000002	24.994760127000003	25.024760127000004	25.054760127000005	25.374760127000005	25.854760127000006	25.892597965000007	27.046444119000007	27.546444119000007	27.631444119000008	28.131444119000008	28.153183249000008	28.31591717900001	29.009558797000011	29.308661489000013	29.642662825000013	29.966112960000014	30.137573137000015	31.137573137000015	31.183075560000013	31.238202352000012	31.259073732000012	31.329073732000012	31.609073732000013	31.846509426000011	31.886509426000011	32.831209887000014	33.421209887000018	33.731865370000016	33.786405866000017	33.82508123500002	34.026558737000023	34.576486378000027	34.902573335000028	35.11640084700003	35.145916786000029	35.18993087100003	37.278097924000029	37.343942519000031	37.924494043000031	38.304494043000034	38.444494043000034	38.544494043000036	38.624494043000034	39.934494043000036	40.714494043000037	42.395166312000036	42.435166312000035	42.715166312000036	42.726499897000039	43.175004880000039	43.977749305000039	44.238301676000042	44.254273282000042	44.361416139000042	44.400781913000039	44.42902828400004	44.522078589000039	44.542268373000041	44.612268373000042	44.782268373000043	44.855657014000045	44.905307206000046	44.945307206000045	45.092446171000049	45.153930624000047	45.221803927000046	45.244803927000049	45.427722076000052	45.467722076000051	45.597986948000049	45.65986813600005	45.679868136000053	45.750456371000055	45.795985419000054	45.826716826000052	45.907845574000049	45.938754290000048	46.026065117000051	46.046065117000055	46.113075426000051	46.423075426000054	46.443075426000057	47.615713862000057	47.63571386200006	47.686539783000057	47.695672203000058	47.706494714000058	47.713807328000058	47.735947549000059	47.755947549000062	47.767091680000064	47.772843214000062	47.778115622000065	47.787150406000066	47.840610459000068	47.84813521100007	47.85796322100007	47.869243537000067	47.930929623000068	37.5	41	41	41.7	41.81	42	42	43	43	44	45	45	45.78	47	47	47	47.05	47.1	47.34	48	48.58	48.68	49	50	50.1	50.15	50.99	51	51.33	51.65	52	52.2	52.3	52.39	52.4	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	53	54	54.55	54.72	55.55	56	56.85	57.53	57.6	57.63	57.8	58.73	59	59	59	59	59	59	59	59	59	59	59	59	59	59	59	59.5	59.84	60.15	60.7	60.71	60.72	61	61.89	64	64	65	65	65	65	65	65	65	65	65	66	67	68	69.05	69.84	70	71	71	71	71	71	71	71	71	73.150000000000006	73.39	74.52	75.5	77	77	77	77	80	83	83	83	83	83.85	85	86	89	89	89	89	94.35	95	95	95	95	95	95	95	95	95	95	95	95	95	97	Cumulative specific flow rate (m3/h/m)


Total drilled depth (m)



16.521739130434781	43.478260869565219	12.173913043478262	9.5652173913043477	6.0869565217391308	12.173913043478262	5	15	25	35	45	55	65	75	85	95	Percentage of water arrival depths


Total depth drilled classes (m)



27	38	28	29	25	40	53	22	41	18	16	27	35	47	33	21	29	35	35	43	31	39.5	21	17	28	21	34	40	32	37	26	39	40	34	21	35	45	47	50	45	44	53	30	26	67	61	63	31	47	29	29	23	27	29	28	30	24	30	21	30	70	56	27	41	36	20	17	36	38	22	34.5	33	47	22	30	52	36	39	34	32	32	40	35	40	30	26	36.9	22	49	27	33	40	40	30	36	12	22	27	54	29	35	39	24	25	27	42.43	35	65	32	33.17	37.840000000000003	23	19	10	24	14	5	39	16	17.600000000000001	37	6.5	9	31	22	39.5	29	17	27	6.5	26.5	25	27	21.5	16	14	28	19	34	7.5	16	31	19	34	8.5	25	13	29	8	34	47	6.5	26.5	27	23	27	6.5	3.5	7	27	33	26.5	24	15	25	10	15	26	17	22.5	16	14	40.5	50	2.8	28	5	6.8	4.5	34	9.6999999999999993	20.8	8.02	24	11.54	14	6.2	15	20.85	29.7	29.15	31.71	33.01	12	22.76	30	25.88	18	27	16.87	40.74	18	24.78	24	30	19	13	10.9	14.75	25	28.6	13.05	34.6	26.68	19.989999999999998	16.8	12.3	13.2	20	60	28.4	4.5	28.54	8.1999999999999993	Alteration thickness (m)


water arrival depth (m)



0.57142857142857151	2.3857142857142857	4.4444444444444446	2.4933333333333336	2.6	2.16	1.1903225806451612	0.92307692307692313	0.81538461538461537	0.16923076923076924	2.2953846153846156	1.4705882352941178	1.4571428571428571	1.5466666666666666	0.85250000000000004	0.33042394014962595	1.1524390243902438	1.7058823529411764	0.68333333333333335	0.74329896907216497	0.67300000000000004	0.96	0.65596330275229364	0.67764298093587527	0.90833333333333333	0.40081300813008125	0.8	0.86153846153846148	1.3180076628352488	0.3924242424242424	0.33642857142857141	0.65	0.44571428571428573	0.49285714285714288	0.42576271186440678	0.64466666666666661	0.6	0.25	0.87812500000000004	0.76249999999999996	0.3125	0.25624999999999998	0.37857142857142856	0.35506816834617666	0.19999999999999998	0.38235294117647056	0.23011363636363633	0.30388888888888888	0.61111111111111116	0.37894736842105264	0.55263157894736847	0.19999999999999998	0.53842105263157902	0.27263631815907957	0.47000000000000003	0.35336538461538458	0.34484412470023978	6.5116279069767441E-2	0.61	0.31555555555555553	0.36028119507908607	0.42173913043478256	0.35416666666666669	0.27708333333333335	0.48125000000000001	0.42291666666666666	0.38418079096045193	0.17600000000000002	0.52	0.25559999999999999	0.66520000000000001	0.65494590417310661	0.29461538461538461	0.3471698113207547	0.50566037735849056	0.21509433962264152	0.44077961019490253	0.22222222222222221	0.3896296296296296	0.32185185185185183	0.34074074074074073	0.69259259259259254	0.11851851851851852	0.21607142857142855	0.37321428571428567	0.55633802816901412	0.35038542396636302	0.47622377622377615	0.1586206896551724	0.15	0.4672384219554031	0.56296296296296289	0.75633333333333341	0.38066666666666665	0.46774193548387094	0.55124566382844531	0.32424242424242422	0.38473189942441682	0.41029411764705881	0.14705882352941177	0.10588235294117647	2.3529411764705882E-2	0.42976878612716757	0.35135135135135137	9.8717948717948714E-2	0.27215189873417722	0.38098765432098763	0.235640648011782	0.10851063829787233	0.2248	0.39450000000000002	2.8	3.5	4.5	4.5	5	5	6.2	6.5	6.5	6.5	6.5	6.8	7	7.5	8	8.02	8.1999999999999993	8.5	9	9.6999999999999993	10	10	10.9	11.54	12	12.3	13	13	13.05	13.2	14	14	14	14	14.75	15	15	15	16	16	16	16	16.8	16.87	17	17	17.600000000000001	18	18	19	19	19	19	19.989999999999998	20	20.8	20.85	21.5	22	22.5	22.76	23	24	24	24	24	24.78	25	25	25	25	25.88	26	26.5	26.5	26.5	26.68	27	27	27	27	27	27	28	28	28.4	28.54	28.6	29	29	29.15	29.7	30	30	31	31.71	33	33.01	34	34	34	34	34.6	37	39	39.5	40.5	40.74	47	50	60	Static level per meter of alteration thickness (m/mEA)


Alteration thickness (m)



y = 3.217e0.0372x
R² = 0.9427
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