Preface xiii

Chapter 1. Field Hydrogeology

Contents

1.1 Hydrologic Cycle 2
1.2 Water-Budget Analysis 4
1.3 Water-Budget Myth 10
Sustainability 1
Water as a commodity 12
Changes in flow systems 13

1.4 Sources of Information on Hydrogeology 14
1.5 Site Location for Hydrogeologic Investigations 16
1.6 Taking Field Notes 18
Daily information 19
Lithologic logs 19
Well drilling 22
Well completion 24
Pumping tests 25
Water-quality measurements 27

1.7 Groundwater Use 29
1.8 Groundwater Planning 30
Source-water protection studies 31

1.9 Summary 35
Chapter 2. The Geology of Hydrogeology 37
2.1 Geologic Properties of Igneous Rocks 38
Extrusive rocks 38
Andesite 42
Basalt 46
Intrusive rocks 49

2.2 Geologic Properties of Metamorphic Rocks 55
Plate tectonic settings of metamorphic rocks 57

2.3 Geologic Properties of Sedimentary Rocks 59
Weathering 61
Transport of sediment and depositional environments 64
Stratigraphy 67



vi Contents

24

25
2.6

Structural Geology

Strike and dip

Fold geometry

Faulting

Other observations in structures
Structural effects in karst areas
Geologic Time

Using Geologic Information

Chapter 3. Aquifer Properties

31

3.2

3.3

3.4

3.5

3.6
3.7

From the Surface to the Water Table
Porosity and Aquifer Storage
Porosity

Storativity

Movement of Fluids through Earth Materials
Transmissivity

Aquifer Concepts

Unconfined aquifers

Confined and artesian aquifer
Confining layers

Hydrostratigraphy

Boundary Concepts

Homogeneity and isotropy

Springs

Summary

Chapter 4. Basic Geophysics of the Shallow Subsurface

41
4.2
4.3

4.4
4.5
4.6

4.7
4.8

Common Targets for Shallow Geophysical Investigation
Approaches to Shallow Subsurface Investigations
Overview of Geophysical Techniques

Methods

Limitations

Matching Geophysical Methods to Applications
Geophysical Survey Planning

Seismics

Basic principles

Refraction surveying

Reflection surveying

Surface Wave Methods

Electrical

Basic principles and units

Resistivity

Induced polarization (IP)

Spontaneous potential (SP)

Telluric and magnetotelluric methods
Electromagnetic (EM) techniques

Chapter 5. Groundwater Flow

5.1

Groundwater Movement
Darcy’s law

91

91
94

101
104
110
111
113
114
116
116
117
119
120
122

125

126
126
127
127
127
129
130
131
131
140
143
148
151
151
152
162
163

165

173

173
173



5.2

5.3

54

5.5

Contents

Hydraulic head

Hydraulic head and Darcy'’s law

Flow Nets

Vertical groundwater flow

Gaining and losing systems

Refraction of groundwater flow

Level Measurements in Groundwater Monitoring Wells
Defining level measurements

Access to wells

Measuring points

Water-level devices

Practical design of level-measurement devices
Other practical applications

Summary of level-measurement methods
Misinterpretation of Water-Level Data

Shallow and deep wells

Short versus long screen lengths

Combining different aquifers

Summary

Chapter 6. Groundwater/Surface-Water Interaction

6.1

6.2

6.3
6.4

6.5

Fluvial Plain

Channel orientation and groundwater/surface-water exchange
Hyporheic Zone

Channel geomorphology and stream connectivity

Stream Health

Field Methods to Determine Groundwater/Surface-Water Exchange
Stream gauging

Parshall flumes

Crest-stage gauge

Minipiezometers

Seepage meters

Temperature studies

Thermal properties

Field equipment

Tracer studies

Chemical mass balance

Summary

Chapter 7. Water Chemistry Sampling

71

7.2

7.3

Have a Plan

Quality assurance

What are you sampling for?
Make a checklist

Collecting Groundwater Samples
Sample retrieval

Passive sampling

Filtration, preservation, and labeling
Chain of custody

Cleaning and decontamination
Field Measurements

pH and temperature

vii

176
179
183
188
189
191
192
194
197
200
201
211
215
220
222
223
227
228
229

231

232
234
236
237
240
242
243
249
251
253
260
265
266
272
273
280
282

287

287
289
290
291
292
292
293
294
297
297
298
298



viii

7.4

7.5

7.6
& 4

Contents

Specific conductance

Dissolved oxygen and redox state
Alkalinity

Turbidity and total suspended solids
Laboratory Analyses

Dissolved metals

Anions

Organic compounds

Total dissolved solids

Other types of analyses

Interpreting Lab Results

Data validation

Charge balance

Speciation of dissolved inorganic carbon
Hardness and sodium adsorption ratio
Tips on Reporting Data

Summary

Chapter 8. Drilling and Well Completion

8.1
8.2

8.3

8.4

8.5

8.6

8.7
8.8

Getting Along with Drillers

Rig Safety

Summary of safety points

Other considerations

Drilling Methods

Cable-tool method

Forward (direct) rotary method

Reverse circulation drilling

Casing advancement drilling methods

Auger drilling

Direct-push methods

Sonic or rotasonic drilling

Mini-sonic

Cone penetrometer testing (CPT)

Horizontal drilling

How to Log a Drill Hole

Describing the cuttings

Lag time

How much water is being made and
where did it come from?

Monitoring-Well Construction

Objectives of a groundwater monitoring program

Installing a groundwater monitoring well

Well completion materials

Well development

Completion of multilevel monitoring wells

Production-Well Completion

Sieve analysis

Well screen criteria

Screen entrance velocity

Well completion and development

Water Witching

Summary

300
303

307
307
307
308
308
309
310
312
312
314
315
316
317
319

321

321
324
328
329
330
331
335
341

346
347
351
351
351
353
354
358
358

359
360
361
363
369
a7
373
374
375
378
382
385
390
391



Chapter 9. Pumping Tests

9.1 Why Pumping Tests?
9.2 Pumping-Test Design
Geologic conditions
Distance-depth requirements of observation wells
9.3 Step-Drawdown Tests
Well efficiency
Laminar versus turbulent flow
9.4 Setting Up and Running a Pumping Test
Power supply and pumps
Data loggers, transducers, and well sentinels
E-tapes
Discharge system
Duct tape
Setup procedure
Frequency of manual readings
Safety issues
9.5 Things that Affect Pumping Test Results
Weather and barometric changes
Other apparent sources and sinks

9.6 Summary

Chapter 10. Aquifer Hydraulics

10.1 Wells
Cone of depression
Comparison of confined and unconfined aquifers
10.2 Traditional Pumping-Test Analytical Methods
Cooper-Jacob straight-line plot
Single-well tests
Casing storage
Leaky-confined and semiconfined aquifers
Specific yield and vertical hydraulic conductivity
from unconfined aquifer tests
Distance-drawdown relationships
Predictions of distance-drawdown from time-drawdown
Recovery plots
10.3 Specific Capacity
10.4 Well Interference and Boundary Conditions
Aquifer boundary conditions
Image well theory
10.5 Partial Penetration of Wells and Estimates
of Saturated Thickness
Estimates of the saturated thickness in
unconfined aquifers
10.6 Fracture-Flow Analysis
Pumping tests in flowing wells

10.7 Summary

Chapter 11. Slug Testing

11.1 Field Methodology
How to make a slug

Contents

ix

395

395
396
397
400
404
405
406
a1
412
418
424
425
427
427
431
432
433
433
433
435

437

438
438
441
443
448
455
456
458

463
470
472
474
477
479
481
483

484

486
492
495
498

501

502
504



X Contents

14

11.5

Chapter 12. Vadose Zone Hydrogeology: Basic Principles,

Performing a slug test

Slug tests using well sentinels

Common Errors Associated with Performing Slug Tests

Monitoring well completion issues

Equipment problems

Analyzing Slug Tests—The Damped Case

Hvorslev method

Bouwer and Rice slug test

Common errors made in analyzing
slug test data

How to analyze slug tests for both damped
methods from a single plot

Analyzing Slug Tests—Underdamped Case

Nature of underdamped behavior

Effective stress and elastic behavior

van der Kamp method

Kipp method

Methodology

Comparison of two methods and discussion
of storativity

Other Observations

Characterization, and Monitoring

1241
12.2
123
124

125

12,6
12.7

12.8

12.9

12.10

Energy Status of Pore Water

Water Content

Soil-Water Retention Curves

Darcy’s Equation and Unsaturated Flow Parameters
Hydraulic gradient

Unsaturated hydraulic conductivity
Soil-Water Budget

Infiltration

Evaporation and transpiration

Water Storage and Deep Percolation
Physical Methods

Soil lysimeters

Water balance

Darcy flux in the vadose zone
Numerical models of soil-water flow
Chemical methods in the vadose zone
Characterizing Hydraulic Properties
Soil-water characteristic curve
Saturated hydraulic conductivity
Unsaturated hydraulic conductivity
Estimating unsaturated hydraulic conductivity
Vadose Zone Monitoring

Pressure head soil-water potential
Indirect methods

Moisture content

Soil gas sampling and monitoring
Pore liquid sampling

Summary

505
508
509
509
511
512
513
516

523

524
525
526
529
533
535
537

542
543



Chapter 13. Karst Hydrogeology

13.1 Introduction
13.2 Karst Types
Covered and exposed karst
Cone and tower karst
Cockpit karst
Pavement karst
Fluviokarst
Sinkhole karst
Karst in the literature
13.3 Carbonate Rocks
Limestone
Folk classification
Dunham classification scheme
Dolomite
13.4 Recharge Areas
13.5 Surface Karst Features
Sinkholes
Sinking streams
Karst valleys
Karren
Epikarst
Karst springs
13.6 Caves
Twentieth century theories on cave formation
Controlling factors in cave formation
Cave passageways
Speleothems
13.7 The Karst Aquifer
13.8 Land Use Problems in Kart
Human impact on karst groundwater resources
13.9 Investigative Methods in Karst
Groundwater dye tracing
Hydrographs and chemographs
Geophysical techniques
Electrical survey
Frequency domain electromagnetic survey
Ground penetrating radar
Gravity survey
Seismic survey
13.10 Summary

Chapter 14. Tracer Tests—General

14.1 Tracer Test Objectives
14.2 Tracer Material
14.3 Design and Completion of Tracer Test
Conceptual design
Selection of the initial mass of the tracer
or its concentration
Point-source infrastructure
Observation wells

Contents

Xi

603

603
606
606
607
608
608
608
609
609
610
611
612
613
614
615
616
616
620
620
622
623
625
627
629
629
630
631
633
636
636
638
638
639
641
641
641
641
641
642
643

651

652
652

656
657

658
662
668



xii Contents

Sampling schedule
Monitoring
Equipment

14.4 Common Errors

Chapter 15. Tracer Tests—Dye

15.1 Utility of Groundwater Tracing

15.2 Characteristics of Ideal Tracing Agents

15.3 Common Misconceptions about Tracer Dyes
15.4 Dye Nomenclature and Properties

15.5 Designing a Dye Tracing Study

15.6 Sampling and Analysis for Dyes

15.7 Detection Limits for Tracer Dyes

15.8 Determining Dye Quantities

15.9 Summary

Appendix A. Unit Conversions Tables

Appendix B. Relationship of Water Density and Viscosity
to Temperature

Appendix C. Periodic Table

Appendix D. Values of W(u) and u for the Theis
Nonequilibrium Equation

Appendix E. Sources of Cave and Karst Information
Appendix F. Water Quality Parameters and Their Significance

Glossary 723
Index 741

668
670
671
673

675

675
679
679
681
686
689
695
696
698

699

707

709

71

713

719



