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Objectives: Learn how to determine 
ground water flow direction, gradient, 
velocity and volume over time. 

 Why are water levels measured? 

 How to convert water levels to 
water elevations? 

 How to plot water levels on a 
map? 

 How to construct a ground water 
contour map? 

 How to calculate flow direction, 
ground water velocity and vol-
ume over time? 

Grades: 10– 12 

Materials:  

 Calculator/spreadsheet 

 Map 

 Idaho Driller’s Reports 
 
Water levels are measured in  wells.  
The wells may have a pump in them 
and are used for pumping water or 
they maybe installed without any 
pump and are used only to collect 
water level and/or water quality data. 
A well that is installed only to meas-
ure water levels is called a piezometer.  
 
There are a number of ways to measure the depth of water in a piezometer. 
The most common method is with the use of an electrical tape or e-tape.  An e-

tape consist of a battery activated two-lead 
wire with a weighted end. The wire is low-
ered down the well until the end makes 
contact with the water and completes a 
circuit. Once the circuit is completed a light 
or buzzer on the reel are activated. The 
depth is read from graduated markings on 
the wire. 
 
The use of the e-tape will determine the 
depth of water from the surface or top of casing. In order to compare the water levels 
with other wells a common datum needs to be established. Generally the water lev-
els are converted to a water elevation.  This is done by determining the elevation of 
the ground surface at the well and subtracting the distance to the ground water. 

Ground Water Contours 
Lesson Plan #2: How do we determine ground water flow direction and gradient? 



Page 2 

 

The piezometers need to be located on a map so that the ground 
surface elevation can be determined. If you drill the piezometer 
you can locate it on the USGS topographic map or use a GPS to 
obtain the coordinates. Drilling wells can be expensive, so often 
times existing Driller’s Reports are used. When a new well is 
drilled the Idaho Department of Water Resources requires that a 
Well Driller’s Report be completed. The Well Driller’s Report con-
tains information regarding the well owner, location, aquifer materi-
al (lithology) and well construction. A Well Driller’s report can be 
seen on Page 3.  
 
The coordinate system that is used to locate water wells is called 
the Public Land Survey System (PLSS).  The PLSS system was 
established by the Federal Government to convey land to private 
owners. The PLSS system divides the land into 6-mile by 6-mile 
blocks. The blocks are referenced by the Township and Range. 
The Township defines how far north-south above a base line you 
are, and the Range defines how far east-west from a base line you 
are.   Each Township-range block is divided into 36 sections, 
which are one-mile square.  
 
 
 
 
 
 

 
 
 
 
Each section is then divided into four equal area sections called 
quarter sections. Each quarter section is divided again into four 
equal area sections called quarter-quarter sections.  A typical 
PLSS site description can be seen on the Well Driller’s Report 
on page 3. The PLSS description would be T.51 N., R. 5 W., 
Section 32, NE 1/4, NW 1/4. The well location can be seen on 
the map also on page 4.    
 
Once you plot the well location on the map, you can determine 
the ground surface elevation. Measuring the depth to ground 
water, the ground water elevation can be calculated. By calcu-
lating the ground water elevation for at least three wells, the 
ground water flow direction and gradient can be determined 
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An example can be seen above of 
three wells and the ground water 
elevations calculated for each plot-
ted on a map. Ground water eleva-
tion contours with equal elevation 
change, also called the contour 
interval, were plotted. In this case 
the contour interval is 40 feet. The 
interval maybe smaller or larger 
depending on the ground water 
elevation change and the distance 
between wells.  
 
The ground water flow direction 
is from the high ground water po-
tential (2,980 ft) to the low poten-
tial (2,900 ft).  The ground water 
flow direction can be represented 
by an arrow drawn perpendicular 
to the ground water contour lines.    
 
The ground water gradient is a 
description of how steep the water 
table is sloping.. The gradient is 
defined by the vertical change 
(decrease or increase) of the wa-

ter table divided by the horizontal distance that the change occurs.  
The gradient can be calculated as follows using the numbers in the above figure; 
 
 2980 ft—2960 ft:   = 20 ft/3600 ft = 0.006 ft/ft 
                3600 ft 
 
 The ground water velocity (from Lesson #1) can be calculated; 
 
 V = K i / ne 
  Where: 
  K = hydraulic conductivity (L/T) 
  i = ground water gradient (L/L) 
  ne = effective porosity 
 
 L = unit length (usually feet, centimeters, or meters) 
 T = unit Time (usually seconds or days) 
 
The volume of water that flows through the aquifer over a given time period can be calculated from the velocity and 
cross sectional area of the aquifer.  

 

Ground Water Contours 
Lesson Plan #2: How do we determine ground water flow direction and gradient? 

Scale 

     ______________ 

  0 ft                    1000 ft 

GW Elev. = 2,974 

2,970 ft 

2,980 ft 

2,960 ft 

GW Elev. = 2,967 ft 

GW Elev. = 2,983 ft 

G
ro

un
d 

W
at

er
 F

lo
w

 D
ir

ec
-

36
00

 f
ee

t 



Page 6 

 

The aquifer material appears to be a sand and gravel (as described on the Driller’s Log on page 4) . A representative 
hydraulic conductivity for a sand and gravel would be approximately 100 feet/day. A typical effective porosity for this ma-
terial would be about 0.25.  The ground water velocity would be; 

V = (100 ft/day)(0.006 ft/ft)/(0.25) 
V = 2.4 ft/day. 
 
The ground water velocity can range from a few feet a year to 50 feet per day.  
The ground water velocities observed in the Rathdrum Prairie Aquifer 
can be in the tens of feet per day.  
 
The rate of water that flows through a portion of the aquifer per a giv-
en time period can be calculated as follows; 
 
Rate per time period  = V * A 
 
Where: 
V = Ground water velocity (L/T) 
A = Area of aquifer perpendicular to flow (L

2
). 

 
If the aquifer in this exercise is 100 feet deep and 0.5 miles wide  
(2,640 feet) then the rate of ground water flow is; 
 
= (2.4 ft/day ) ( 100 ft * 2,640 ft) 
= (2.4 ft/day) (264,000 ft

2
) 

= 633,600 ft
3
/day 

= 633,600 ft
3
/day * 7.48 gallons/ft

3
 

= 4,739,328 gallons per day 
 
Exercises: 
 
Using the map, driller’s logs and seismic cross section provided on the following pages: 
 A. Plot the location of each well as described in the driller’s logs using the PLLS. 
 B. Complete the table for each well with the following information: 
  1. Determine the elevation of land surface at the  location of each well. 
  2. Determine the depth to static water level for each well from the driller’s logs.  
  3. Calculate the ground water elevation for each well and plot on the map. 
 C. Construct a ground water contour map 
 D. The results from a seismic survey completed  in 1951 are shown in the attached figure. The approximate 
 cross sectional surface area of the aquifer is indicated.     
 E. Calculate the following: 
  1. Ground water flow direction 
  2. Ground water gradient 
  3. Ground water velocity 
  4. Rate of ground water flow across the Idaho-Washington State line.  
 
Compare results with USGS 2004 ground water contour map of Spokane-Valley Rathdrum Prairie at http://
www.deq.state.id.us/water/prog_issues/ ground_water/rathdrum_prairie_aquifer/reports_publications.cfm 
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