SPRINGER BRIEFS IN WATER SCIENCE AND
TECHNOLOGY

Miguel Auge

Hydrogeology of
Plains

@ Springer



SpringerBriefs in Water Science
and Technology



More information about this series at http://www.springer.com/series/11214


http://www.springer.com/series/11214

Miguel Auge

Hydrogeology of Plains

@ Springer



Miguel Auge
Argentine Academy of Environmental

Sciences
Buenos Aires
Argentina
ISSN 2194-7244 ISSN 2194-7252  (electronic)
SpringerBriefs in Water Science and Technology
ISBN 978-3-319-31428-0 ISBN 978-3-319-31429-7 (eBook)

DOI 10.1007/978-3-319-31429-7
Library of Congress Control Number: 2016933475

© The Author(s) 2016

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or
dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained
herein or for any errors or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland



Acknowledgements

To Professor Dr. Jorge Rabassa, who invited me to publish this book, performed a
critical review of it and revised the translation into English.

To my daughter Silvina, for her efforts and dedication in the preparation of the
figures and tables.



Contents

Hydrogeology of Plains . . ... ............ ... ... ...........
I Plains. . ..o
1.1 Alluvial Plains ... ... ... . ... .
1.2 Hydrogeological Behaviour. . . ........................
2 Coastal Plains . . . ...... ... .. ... . ...
3 Methods and Techniques for Hydrogeological Studies . ... ........
3.1 Background Data Collection. . . .......................
4 Hydrogeological Survey . . ... ...« ..t
4.1 Pumping Tests . ... ...ttt
4.2 Hydrogeological Exploration. . . . ....... ... ... ... ......
4.3 Hydrogeological Mapping . .............. ... ... ......
5 Hydrochemistry. . . .. ... ...
5.1 Drivers of Groundwater Chemical Composition. . . .. ........
5.2 Salt Provided by the Rocks. . . ......... ... ... ... .....
53 Evolution......... ... . ...
6 Vulnerability. . . ... ... .. . .
6.1 Definition. . .. ... ...
6.2 Methods. . . ... .
6.3 How to Choose the Appropriate Method . ................
6.4 A Comparison of the Methods .. ......................
6.5 Cartographic Representation . . . .. .....................
6.6 Final Vulnerability Remarks . . .. ....... ... ... ... ... ...
References. . . . . ... .

vii


http://dx.doi.org/10.1007/978-3-319-31429-7_1
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec1
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec1
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec2
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec2
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec7
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec7
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec13
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec13
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec14
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec14
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec15
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec15
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec23
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec23
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec24
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec24
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec25
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec25
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec32
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec32
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec33
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec33
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec34
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec34
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec35
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec35
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec36
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec36
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec37
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec37
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec38
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec38
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec39
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec39
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec47
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec47
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec48
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec48
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec49
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec49
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec50
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Sec50
http://dx.doi.org/10.1007/978-3-319-31429-7_1#Bib1

List of Figures

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25
Figure 26

Mean annual rain. . . ...........
Mean annual hydric excess . . . . . ..
General base level . . ...........
Local base level. . ... ..........
Equilibrium profile. . . ... .......
Neutral line. . .. ..............
Alluvial fan. . .. ..............
Piedmont ...................
Grain-size alternation . . .........
Fluvial terraces . . .............

Meandering river. . . ...........
Intermountain valley. . .. ........
Groundwater flow in humid plains. .

Relation between groundwater flow and salinity . ........

Parana delta .. ...............
Salinity on deltas. . . ... ........
Piedmont . ..................
Intermountain alluvial valley. . . . ..
Intermountain tectonic valley. . . . . .
Favorable places for tapping . . . . . .
Fluvial terraces . . .............
Fluvial migration. . ............
Permeability—grain size relation . . .
Patagonic valley profile . ........
Fresh water—salt water relationships

NoRENEEN le Yo NV, BNV, I SN NSOV AN ]

ix



Figure 27
Figure 28
Figure 29
Figure 30
Figure 31
Figure 32
Figure 33
Figure 34
Figure 35
Figure 36
Figure 37
Figure 38
Figure 39
Figure 40
Figure 41
Figure 42
Figure 43
Figure 44
Figure 45
Figure 46
Figure 47
Figure 48

Figure 49
Figure 50
Figure 51
Figure 52

Figure 53
Figure 54
Figure 55
Figure 56
Figure 57
Figure 58
Figure 59
Figure 60
Figure 61

Figure 62
Figure 63

List of Figures

Hydrogeological map . . . . ... ... ...
Geological map . . . ........ ... ... .. ..
Aerial photographs—overlap. . .. ....... ... ... ......
The Schlumberger and Wenner electrodic devices . . . .. ...
Profile and phreatimetricmap . . ....................
Profile and piezometricmap . .. ........ ... ... ... ...
Flat hydraulic surface. . . ........ ... ... ... .. ....
Cilindric hydraulic surface . .......................
Radial-convergent hydraulic surface. ... ..............
Radial-divergent hydraulic surface . . ... ..............
Linear hydraulic profile . .......... ... ... ... ... ...
Parabolic hydraulic profile . ........... ... ... ......
Hyperbolic hydraulic profile . . . ....................
Groundwater flow net. . . .. ... ... ... ... ... ... ...
Water table depth. . . .. ....... ... .. .. .. ..
Saturated thickness and facies maps. . ................
Permeability and saturated thickness maps . ............
Equipotential and water table oscillation maps. .. ........
Hydrochemical evolution in a regional flow . ...........
SINTACS vulnerability. . . . ...... ... ... ... ... .....
GOD vulnerability . . .. ....... ..

Natural hydraulic potentials—free and semi-confined

aquifers . . ... ..
Pollution due to pumping in a semi-confined aquifer . . . . ..
Flow across the aquitard—natural hydraulic potentials . . . . .
Flow across the aquitard. Man-made hydraulic potentials . . .

Flow across the aquitard due a variation in its vertical

tranSmissivity . .. ...
Hydrogeological profile . .........................
Puelche Aquifer flownet . . ........ ... ... ... ......
Pampeano Aquifer flownet. . ... ....... ... ... ......
Puelche Aquifer nitrates . . . . ....... ... ... ... ... ...
Pampeano Aquifer nitrates . .. .....................
Puelche Aquifer vulnerability aquitard thickness . ........
Puelche Aquifer vulnerability .. ....................
Puelche Aquifer vulnerability depth totop .. ...........

Puelche Aquifer vulnerability—hydraulic potential

difference pollution load . . . .. .....................
Pampeano Aquifer vulnerability water table depth . . . ... ..
Pampeano Aquifer vulnerability pollution load . .........

24
24
25
31
35
35
36
36
36
37
37
37
38
39
39
40
41
42
46
50
51

54
55
56
56

57
62
63
63
64
64
65
65
66

66
67
67



