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The Groundwater Project Foreword 

The United Nations W ater Members and Partners establish their annual theme a 

ÍÌÞɯàÌÈÙÚɯÐÕɯÈËÝÈÕÊÌȭɯ3ÏÌɯÛÏÌÔÌɯÍÖÙɯ6ÖÙÓËɯ6ÈÛÌÙɯ#ÈàɯÖÍɯ,ÈÙÊÏɯƖƖȮɯƖƔƖƖȮɯÐÚɯɁ&ÙÖÜÕËÞÈÛÌÙȯɯ

ÔÈÒÐÕÎɯ ÛÏÌɯ ÐÕÝÐÚÐÉÓÌɯ ÝÐÚÐÉÓÌɂȭɯ 3ÏÐÚɯ ÐÚɯ ÔÖÚÛɯ È××ÙÖ×ÙÐÈÛÌɯ ÍÖÙɯ ÛÏe debut of the first 

Groundwater Project (GW -Project) books in 2020, which have the goal of making 

groundwater visible.  

The GW-Project, a non-profit organization registered in Canada in 201 9, is 

committed to contribute to advancement in education and brin gs a new approach to the 

creation and dissemination of knowledge for understanding and problem solving. The 

GW-Project operates the website https://gw -project.org/k as a global platform for the 

democratization of gro undwater knowledge and is founded on the principl e that:  

Ɂ*ÕÖÞÓÌËÎÌɯÚÏÖÜÓËɯÉÌɯÍÙÌÌɯÈÕËɯÛÏÌɯÉÌÚÛɯÒÕÖÞÓÌËÎÌɯÚÏÖÜÓËɯÉÌɯÍÙÌÌɯÒÕÖÞÓÌËÎÌȭɂɯ ÕÖÕàÔÖÜÚ 

The mission of the GW-Project is to provide accessible, engaging, high-quality, 

educational materials, free-of-charge online in many languages, to all who want t o learn 

about groundwater and understand how groundwater relates to and sustains ecological 

systems and humanity. This is a new type of global educational endeavor in that it is based 

on volunteerism of  prof essionals from different disciplines  and includes academics, 

consultants and retirees. The GW-Project involves many hundreds of volunteer s associated 

with  more than 200 hundred organizations from over 14 countries and six continents, with 

growing p articipa tion.   

The GW-Project is an on-going endeavor and will continue with hundreds of books 

being published online over the coming years, first in English and then in other languages, 

for downloading wherever the Internet  is available. The GW-Project publications also 

include  supporting materials such as vid eos, lectures, laboratory demonstrations, and 

learning tools in addition to providing, or linking to, public domain software for various 

groundwater applications supporting the educational process.  

The GW-Project is a living entity, so subsequent editions of the books will be 

published from time to time . Users are invited to propose revisions.  

We thank you for  being part of  the GW-Project Community. We hope to hear from 

you about your experience with using t he books and related material. We welcome ideas 

and volunteers!  

 

The GW-Project Steering Committee 

August 2020 

  

https://gw-project.org/


Graphical Construction of Groundwater Flow Nets 

 
Eileen Poeter and Paul Hsieh 

 

 

vii  
The GROUNDWATER PROJECT     ©The Authors     Free download from gw-project.org 

Anyone may use and share gw-project.org links. Direct distribution of the book is strictly prohibited. 

Foreword 

The ability to understand and construct flow nets is an essential skill of a groundwater 

hydrologist. Although other books published by The Groundwater Project also discuss 

flow nets, the present book gives an in-depth treatment, in particular, how to graphically 

construct flow nets. Through this pencil -and-paper exercise, students can gain a deeper 

level of intuition and unde rstanding of groundwater flow.  

Many groundwater textbooks ha ve been published in the past half century and 

nearly all of them draw attention to the importance of flow nets in groundwater 

investigations and each provides several pages about the manual method of constructing 

flow nets. In current professional practic e, flow nets are produced quickly using readily 

available software after the user defines the boundary conditions and distribution of 

hydraulic conductivity. The challenge to those who are new to groundwater work is 

determining the boundary conditions and understanding the how the boundary conditions 

and hydraulic conductivities control the distribution of hydraulic head and flow lines. 

Therefore, it is important for aspiring groundwater profession als to develop an intuitive 

sense regarding the appearance of a flow net for a given system before generating a 

computer simulation of a flow net.  

(ÕÛÜÐÛÐÖÕɯÊÈÕɯÉÌɯËÌÝÌÓÖ×ÌËɯÉàɯÊÙÌÈÛÐÕÎɯÍÓÖÞɯÕÌÛÚɯÜÚÐÕÎɯÛÏÌɯɁÖÓË-ÍÈÚÏÐÖÕÌËɂȮɯ×ÌÕÊÐÓ-

and-paper method of hand-drawing flow nets. This book explains that method and 

presents videos showing laboratory representations of groundwater systems in Hele -Shaw 

parallel plates and sand box models with dye revealing the flow lines. In addition, an online 

interactive software tool is provided so readers have an opportunity to enhance t heir 

intuition of flow systems by creating flow nets in groundwater systems with complicated 

hydraulic conductivity distributions.  

Eileen Poeter initiated this book and reached out to Paul Hsieh to co-author it with 

her. The end result is a book on creating and understanding flow nets prepared by two 

globally recognized experts. The book was improved through a comprehensive peer review 

process. Consequently, the material in this book presents the type of groundwater 

knowledge that supports better groundwate r management and protection.  

 

  

John Cherry, The Groundwater Project Leader 

Guelph, Ontario, Canada, July 2020 
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1 Introduction 

It is not possible to see groundwater flowing through the subsurface of the earth, so 

the most valuable asset a groundwater hydrologist can attain is the ability to visualize the 

distribution of hydraulic head and flow paths in three -dimensional space. This comes easily 

to a few people, but many people need to immerse themselves in viewing and thinking 

about two -dimensional examples of steady-state flow in the form of flow nets before the 

visualization of flow systems becomes intuitive. The effort invested in mastering 

visualizati on of flow systems is worth the re ward.  Figure 1 provides a link to a video of 

dyed water moving through porous material. Flow nets can reveal the distribution of forces 

driving the flow and the flow paths.  

 

Figure  1 - Click to view u a video of dye moving through a sand tank. A few snapshots from the video are 

pictured here: Time 1 is before dye is introduced to the flow system, so one cannot see the flow lines; Time 2 

is after red dye is injected in a shallow well and has migrated to the stream outlet; Time 3 is after green dye is 

injected into a deep well and has migrated upward and to the right; and, Time 4 is after the green dye has 

reached the gravel lens and then rapidly migrated to the stream outlet. Viewing the video elucidates the flow 

better than these snap shots. (Sand Tank constructed by Students at the University of Wisconsin, Stevens 

Point. Filmed at IGWMC of Colorado School of Mines. Edited and narrated by Eileen Poeter.) 

 
&ÙÈ×ÏÐÊÈÓɯÍÓÖÞɯÕÌÛɯÈÕÈÓàÚÐÚɯÐÚɯÜÚÌÍÜÓɯÐÕɯÌÝÌÙàɯÏàËÙÖÎÌÖÓÖÎÐÚÛɀÚɯÛÖÖÓÉÖßɯÉÌÊÈÜÚÌɯÐÛɯ

can: 1) provide a quick and useful understanding of flow systems when a computer is not 

available; 2) help a numerical model user assess their intuition regardin g the results of a 

numerical groundwater flow model; 3) and facilitate understanding of basic concepts of 

groundwater flow for those new to groundwater work. However, mastery of basic 

numerical model construction is also a must for the modern groundwater h ydrologist.  

As shown in Figure  2, a flow net provides an image of  equipotential lines  (black 

dotted lines)  and flow lines  (blue arrows)  in a groundwater flow system. This book explains 

graphical construction of groundwater flow  nets. Before using flow nets to understand flow 

https://www.youtube.com/watch?v=gbN404Pf8e8
https://www.youtube.com/watch?v=gbN404Pf8e8
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systems, it is best to begin by understanding graphical construction of two -dimensional, 

steady-state flow nets. It is useful to have knowledge of a few items pertinent to flow nets 

including: hydraulic head, boundary conditions, Darcy ɀÚɯ+ÈÞȮɯÈÕËɯÛÏÌɯÎÙÖÜÕËÞÈÛÌÙɯÍÓÖÞɯ

equations. Another Groundwater Project bookk (Woessner and Poeter, 2020) discusses 

these items in detail, however brief reviews of these items are provided in this book.  

 

Figure  2 - Images of flow nets: a) groundwater moving in a vertical cross section under a dam; and, b) a plan 
view of groundwater flow from a lake to a pond surrounded by bedrock outcrops. 

 

1.1 What is Graphical Construction of a Flow Net? 

Graphical construction of a flow net is a method of using pencil and paper to obtain a 

solution to the steady-state, homogeneous, isotropic, groundwater flow equation. Steady 

flow is an equilibrium cond ition for which the hydraulic heads, flow rates and fl ow lines 

do not change with time, that is, inflow equals outflow. A flow net consists of two families 

of intersecting lines: equipotential lines, which connect locations of equal hydraulic head 

and flow  lines that show paths of groundwater flow as shown in Figure 3. An impermeable 

dam is holding back a reservoir of water in Figure 3. Water seeps from the upstream 

reservoir into the underlying porous material then flows below the dam and seeps upward 

to the reservoir with a lower water level on the downstrea m side of the dam. The 

distribution of hydraulic head drives groundwater flow along groundwater flow lines.  A 

brief review of hydraulic head is provided in Box 1?.  

 

https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/
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Figure  3 - A cross-sectional view of a groundwater flow net under a dam from an upper reservoir to a lower 
reservoir. A flow net is comprised of two sets of lines that honor Darcyôs Law and conserve mass. Equipotential 
lines connect points of equal hydraulic head (black dotted lines) and flow lines delineate paths of groundwater 
flow (blue solid arrows). 

 

A homogeneous and isotropic groundwater system is one in which the hydraulic 

conductivity is the same at every location and does not vary for different directions o f flow. 

Hydraulic conductivity is a measure of the ease with which water can pass through a 

material and is discussed in another Groundwater Project bookk (Woessner and Poeter, 

2020). 3ÏÌɯÎÙÖÜÕËÞÈÛÌÙɯÍÓÖÞɯÌØÜÈÛÐÖÕɯÐÚɯÉÈÚÌËɯÖÕɯ#ÈÙÊàɀÚɯ+ÈÞɯÈÕËɯÊÖÕÚÌÙÝÈÛÐÖÕɯÖÍɯÔÈÚÚȭɯ

The groundwater flow equation is derived and discussed in another Groundwater Project 

bookk (Woessner and Poeter, 2020).  ɯÉÙÐÌÍɯÖÝÌÙÝÐÌÞɯÖÍɯ#ÈÙÊàɀÚɯ+ÈÞȮɯÚ×ÌÊÐÍÐÊɯËÐÚÊÏÈÙÎÌȮɯ

average linear groundwater velocity, and groundwater travel time are provided in  Box 2? 

because the concepts are central to the material presented in this book. 

 
Graphical construction of a flow net solves the two -dimensional, steady-state 

groundwater equat ion in a homogeneous and isotropic material with defined boundary 

conditions. Boundar y conditions are discussed in another Groundwater P roject bookk 

(Woessner and Poeter, 2020). Two types of boundary conditions are used in graphical 

construction of two -dimensional, steady-state flow nets. The flow system domain is 

https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/
https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/
https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/
https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/



































































































































