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ABSTRACT

A new method of measuring water levels in pumping wells was 

investigatedo A variation of the standard airline with a continuous flow 

of air was used. The equipment consisted of a metered air supply8 water 

manometer, and small diameter nylon tubing. Measurements were made by 

immersing the tubing and measuring the corresponding manometer deflection.

Laboratory tests were made and the airline unit was compared in 

the field with a steel tape and electric drop line.

The laboratory studies demonstrated the direct linear relation

ship between the manometer deflection and depth of airline immersion.

In addition, the studies showed that specific gravity of a fluid can be 

computed as the reciprocal of the slope of the manometer deflection 

curve.

Reliability of the airline data was substantiated in the field 

studies. Water levels obtained compared very closely with the other 

methods.

Accurate pumping water level measurements can be secured under 

all conditions commonly encountered. Equipment refinement is necessary 

to reduce the measuring time for field use. The range of potential 

applications extends beyond static and dynamic water level measurements 

to include drawdown and recovery curves in well testing.

vii



INTRODUCTION

Background

Despite the many scientific and cultural advances made in the 

last decade, the Nation has not been able to reduce its dependence on 

ground water. In 1954, according to the U, S, Geological Survey (13), 

240 billion gallons per day were pumped to supply the Nation’s need.

By 1960 the withdrawal of ground water had increased to 270 b.g.d. If 

the trend continues, then demands on ground water will be 560 b.g.d, in 

1980 and 890 b.g.d, by the year 2000.

The surface water supply of Arizona is generally deficient in 

relation to present and prospective needs. As a result, Arizona is the 

third largest ground-water user in the United States and more dependent 

on ground-water than any other State. Nearly two-thirds of Arizona's 

total water use in 1960 came from wells (13).

Present trends indicate that irrigation will gradually be re

placed by urban and industrial uses near growing centers of population. 

Irrigation presently uses 92% of the total water consumed (see Table 1). 

A report by the Underground Water Commission (11) states that more than 

95% of the 1952 total was used for irrigation. While irrigation con

tinues to be by far the largest user of water in Arizona, industry will, 

in the future, be an important part of the overall water problem. 

Therefore industrialists as well as agriculturalists must be concerned 

with Arizona’s ground-water situation.

1



Table 1

Total Consumptive Use of Water in Arizona for 1960 (from Reference 1)

Domestic and Municipal 235*000 acre-feet

Industrial and Community 50,000

Mining 50,000

Livestock 65,000

Irrigation 4,700,000

Total Consumptive Use 5,100,000 acre-feet



A research report prepared by the University of Arizona (12) 

indicates an overdraft for Arizona's ground-water supplies of about three 

million acre-feet per year. The overdraft over the last 10 years has 

resulted in an increase in the average depth to the water table of 65 

feet for the state's ground-water basins.

Regardless of the size of a well or the quantity of water it will 

produce9 it should be accurately tested for drawdown and yield, A pump 

may then be selected which will operate with high efficiency over the 

range of expected lifts. Under declining water table conditions, the 

pump should be selected to operate in the range where the efficiency 

curve has a negative slope. Efficiency would then increase with lift 

through the peak efficiency before increased lift results in decreased 

efficiency. For example, consider a pump with characteristic curves as 

shown in Figure 1, If the pump was installed in a well with an initial 

lift of 43 feet, the field pump efficiency would be 55%, The efficiency 

would increase with lift up to the maximum of 62% at 66 feet of lift, 

then decline to 55% at 80 feet. The pump, then, would operate over a 

lift range of 37 feet with no appreciable loss of efficiency.

According to Edward E. Johnson, Inc. (9) high pumping costs and 

unsatisfactory pump performance have often been erroneously charged to 

the well. In these cases an accurate test of the well in advance of the 

pump purchase would have more than paid for itself in the saving in 

initial cost of equipment and later on in operating costs. An important 

part of these tests is the accurate measurement of the total pumping lift.

After the pump is installed, periodic tests should be made to 

insure that it is continuing to operate near peak efficiency. Pumping
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lift determinations for the periodic tests are as important as those re

quired for the correct pump purchase because precise pumping lift 

measurements are essential for accurate computation of pump efficiencies.

The determination of the pumping lift depends on measurement of 

the pumping water level. An exact measurement of the pumping level can 

be very difficult when oil and/or cascading water is present in the well. 

To date little has been done to improve the existing methods for measure

ment of pumping levels.

Definition of Terms

1. Static Water Level - The static water level in a well is the 

vertical distance from a reference elevation to the water level when the 

well is not being pumped.

2. Pumping or Dynamic Water Level - The pumping water level in 

a well is the vertical distance from a reference elevation to the water 

level in the well when pumping at a given rate. The pumping level is 

variable and changes with the quantity being pumped.

3. Drawdown - The drawdown for a given discharge is the distance 

the water level is lowered, that is, the difference between the static 

water level and the pumping level.

4. Pumping Lift - The pumping lift, neglecting friction losses, 

is the vertical distance the water must be lifted by the pump.

5. Effective Pumping Lift - The effective pumping lift, under 

normal conditions, is the vertical distance between the water surface in 

the well and the water surface at the outlet. It is equal to the total 

pumping lift.only if the fluid in the well is water and not a mixture of
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water and some other liquid. For example, if there is oil on the water 

surface in the well, the effective pumping lift would not be the same 

as if the entire column were water. Consider the following field 

situation:

A well pumping from a free water 

table has a 10-foot layer of oil 

(sp.gr. = 0.80) on the water surface. 

The distance from the outlet to the 

water surface is 100 feet. The oil, 

with a specific gravity of 0.80 is 

equivalent in weight to 8 feet of 

water. The effective pumping lift, 

then, would be 90 + (10 - 8) = 92 

feet. The pumping lift would be 90

feet when measured with a steel tape

and 100 feet when determined with an 

electric drop line.

6. Equivalent Height - The equivalent height of any liquid is 

the weight of the liquid column expressed in feet of water. The equiva

lent height is found by multiplying the height of the liquid column by 

the specific gravity of the liquid.

7. Specifid Gravity - The specific gravity of a substance is 

the ratio of the weight of any volume of the substance to the weight of

an equal volume of some substance taken as a standard, usually water for

liquids and solids.

90' 100

Oil
Layer 10 '

Pump
Bowls



8e Cascading Water - Cascading water is water that enters the 

well above the pumping water level and falls freely to the water table.

9. Pumping Plant Efficiency - Pumping plant efficiency is the 

ratio of the water horsepower produced by a pump to the horsepower input 

to the motor9 expressed as a percent.

10o Field Pump Efficiency - Field pump efficiency is the ratio 

of the water horsepower produced by a pump to the horsepower input to the 

pump,' expressed as a percent.

11. Surface Tension - The surface tension of a liquid is the 

force of attraction between the molecules of the liquid film. Surface 

tension has the dimensions of force per unit length.

Existing Methods

The steel tape, electric drop line, and airline are the methods 

now being used most extensively to determine pumping levels. There are 

other methods being used, but most of these are used by only a few 

individuals and their dependability is questionable.

Detailed discussion of water level measurement with the steel 

tape is available in the literature (7, 9). Common procedure is to fasten 

a weight to the end of the tape and coat the first few feet of the tape 

with carpenter’s chalk. The water line can be easily detected when it 

falls within the chalked area. The correct depth to water is the distance 

the tape was submerged subtracted from the total measurement. With a 

tape, water levels can be accurately determined to the nearest 0.01 foot 

under ideal conditions.

Two types of electric drop lines are used. One uses a single

wire cable and the other uses a double-wire cable (7, 8, 9). Two wires



are connected in series to a small battery and a light bulb or volt meter. 

The circuit is completed when the exposed wire touches the water surface. 

With the double-wire cable, the ends of the wires are exposed to make 

contact with the water. A small plastic shield usually surrounds the 

tip. Above the plastic shield is a metal weight to aid in lowering the 

cable. The plastic shield surrounding the wire tip prevents shorting by 

metal in the well and by cascading water from above. With the single 

wire cable, one wire with an exposed end is lowered into the well and a 

short lead wire is clamped to the well casing to provide the ground re

quired to complete the circuit. Water level measurements made with the 

electric drop line are accurate, under ideal conditions, to the nearest 

0.1 foot.

The airline (6, 8, 9) consists of a known length of copper or 

steel tubing, usually about one-fourth inch in diameter, an air pressure 

gauge, and a tire valve fitting. The airline can either be installed at 

the time the pump is installed or can be lowered into the well at some 

convenient time afterward. The exact length from a reference elevation, 

usually the pump base, to the submerged tip must be known. A tee is 

fitted to the upper end of the line to attach both the tire valve and 

air pressure gauge. Airline measurements are accurate to the nearest 0.5 

feet under ideal conditions. The gauge limits the accuracy of this 

method.

Of the lesser known methods, four are reasonably accurate though 

seldom used. Three of these methods are based on fluid displacement, the 

principle used by the airline. The fourth method is a variation of the 

steel tape.
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According to Schwalen (5), a few individuals have used one-fourth 

inch diameter tubing to find the water table. The operator slowly lowers 

the tube into the well while blowing into one end. The location of the 

water level is detected by increased resistance to the flow of the air.

Farmers in the Willcox area of Arizona, according to Halderman

(2), have found water levels using small tubing, usually one-fourth inch 

in diameter, with a water manometer attached to one end. The tube is 

slowly lowered into the well. When the end of the tube is submersed, 

part of the air in the tube is displaced by water. The pressure created 

by this displacement causes a deflection of the water manometer of one 

inch for each inch the tube is submerged.

In Denmark a seventeen-inch long brass whistle tube is used to 

measure water levels (10). The lower end is a three-fourths inch di

ameter tube, at the upper end of the tube is a whistle notch. Just above 

the bottom a series of grooves are spaced one centimeter apart. The 

grooves are undercut a little at the top so they will retain water. The 

device is lowered into the well until the whistle is sounded by air in 

the tube being displaced by water. The tube is then lowered three to 

five inches so one or more of the grooves are submerged. To find the 

depth to water the distance the whistle tube is submerged is subtracted 

from the total measurement.

The U. S. Geological Survey lias developed an electric tape (3) 

for use in shallow wells. A magnesium strip is attached to the lower 

end of a standard steel tape equipped with a 0-1 D.C. milliammeter and 

ground wire. When the magnesium strip is submerged in water it forms
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one pole of an electrolytic cell* The electromotive force set up between 

the magnesium and the ground can be detected by the milliammeter„

The electric tape differs from the electric drop line because no 

battery is used as a source of power.

The accuracy of the last four methods is not reported, While 

they are sound in principle they are not used extensively enough to evalu

ate their merits.

Disadvantages of the Existing Methods

The existing methods of measuring pumping levels have disad

vantages with respect to their use in certain well installations and to 

the precision of the water-level data obtained.

The presence of oil or cascading water in wells prevents accurate 

determination of the effective pumping lift with the steel tape and 

electric drop line,

When cascading water is present, the steel tape is useless for 

water level measurement. The tape is wetted at the level water enters 

the well; the reading obtained is the depth to the top of the cascading 

water which may or may not be near the true water level.

Cascading water is also an impedient to the use of the electric 

drop line. When the drop line tip contacts cascading water the ammeter 

needle flickers but does not give a steady reading. Below the free water 

surface air is carried downward by the impact force of the cascade. A 

steady ammeter reading cannot be obtained in the turbulent air-water 

zone. Fortunately, the well casing and pipe column intercept some of the
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cascading water and reduce the depth of air-water mixture. The mere 

presence of the cascading water, however, can add uncertainty to the 

water-level data obtained.

Oil used for shaft lubrication and oil from the pump head in many 

pump installations drain into the well forming an oil layer on the water 

surface. The steel tape and electric drop line are both affected by the 

oil layer. The tape will indicate the depth to the oil surface and the 

electric drop line will measure the depth to the oil-water interface.

The effective pumping lift against which the pump must operate is defined 

by neither measurement. It lies somewhere between the two, the exact 

location being determined by the specific gravity of the oil. The magni

tude of the error introduced by the failure of the drop line and steel 

tape to accurately determine the effective pumping lift depends on the 

thickness and specific gravity of the oil layer. In field situations the 

oil layer may vary from a few inches to several feet.

As the electric drop line passes through the oil layer, the tip

is coated with oil. In some instances oil remains trapped inside the 

tip's plastic shield. The tip of the drop line is thereby insulated by 

the oil and must be cleaned before accurate water level measurements can 

be made.

Care must be taken to insure that the exposed tip of the electric

drop line is not touching the metal casing or pump column and that no

insulation has been peeled off the wire. In either case accidental 

shorting results, completing the circuit and causing a deflection of the 

ammeter.
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The airline is not affected by the presence of oil or cascading 

water because the head determined by the airline is the equivalent 

height of liquid above the tip. The head is the same whether the fluid 

above the tip is 10 feet bf water or the equivalent depth of some other 

liquid. The most obvious disadvantage of the standard airline is the 

lack of portability. It is a permanent installation for measuring water 

levels. Therefore, water level measurements of a large number of wells 

with the airline method would require a high equipment investiment.

When the airline is being installed it is important that the exact verti

cal distance from the reference level to the tip of the airline be re

corded . Unless all the joints are carefully sealed, leakage can occur 

that will affect water level measurements..

In many installations the airline pressure gauge is not directly 

calibrated in feet from the reference elevation. Therefore, erroneous 

readings often result from incorrect interpretation of the pressure gauge 

reading. To obtain accurate readings the operator must know the units 

in which the gauge is calibrated and the exact vertical length of the* 

air line.

Statement of the Problem

In areas where declining water table conditions exist it is 

extremely important that accurate measurements of the pumping water levels 

be obtained. Each of the existing methods for measuring pumping levels 

has disadvantages under certain field conditions. Yet, there has been 

a definite lack of equipment development to improve water level measure

ments. The problem, then, is the development of water level measuring 

equipment that will give accurate results from all field conditions.



INVESTIGATION

Objectives

The objective of the investigation was to design, construct, and 

evaluate a portable airline apparatus for the measurement of pumping 

water levels. When the design and construction was completed, the unit 

was calibrated in the laboratory and then compared, under field con

ditions, with the steel tape and electric drop line.

Design Considerations

Preliminary investigation showed that the standard airline had 

fewer limitations than any of the other existing methods. Water level 

measurement with the standard airline is not adversely affected by the 

presence of oil or cascading water in the well. An apparatus combining 

the dependability of the airline with the portability of the steel tape 

and electric drop line would have a wider range of application than any . 

of the existing methods. An improved airline apparatus, then, would be 

the best approach to accurate water level measurement under all field 

conditions.

Further investigation led to the use of a continual flow of air 

through small diameter tubing for the measurement of water levels. To 

obtain a regulated air supply, an air cylinder was fitted with a constant 

low-pressure regulator and needle valve metering device. A water ma

nometer was connected to the tubing to measure pressure changes in the 

air line. The tubing was connected to the air supply with airtight

13
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connectors. A reel was used for easier handling of the tubing. The 

schematic diagram of the airline unit is shown in Figure 2 below.

Air
Supply

Pressure 
Regulator

Cb—0—
Needle Reel 
Valve

Manometer
Gauge

o
Air Flow

///w w

Well

Figure 2. SCHEMATIC DIAGRAM OF PORTABLE AIRLINE UNIT

Theoretical Considerations

The principle of a portable airline is similar to that of the 

stationary airline. That is, pressure transmitted to the manometer 

gauge is proportional to the equivalent height of liquid above the tip. 

However, the portable airline utilizes continual flow of air as opposed 

to the static system of the stationary airline and is normally operated 

with very little immersion below the water surface.

Bubbles are formed at the tube opening as air passes through the 

tube and is discharged into the surrounding liquid. Additional work must 

be done to form these bubbles. The pressure required to form a bubble is 

a measure of the surface tension of the liquid, size of the delivery tube, 

and the hydrostatic pressure at the opening.
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The pressure in the bubble increases at first9 as the bubble 

grows and the radius of curvature diminishes (4). The smallest radius 

of curvature and the maximum pressure occurs when the bubble is a hemi

sphere o Further growth causes a decrease of pressuree Ultimately the 

bubble detaches and floats to the surface (see Figure 3)* The maximum 

equilibrium pressure is

Pmax = dsh + ^
where

d = density of the liquid in slugs per cubic foot, 

g = acceleration of gravity in feet per second squared, 

h = depth of immersion in feet. 

s = surface tension in pounds per foot. 

r = radius of the air bubble in feet.

That part of the total measured pressure required to force the 

liquid out of the tube at the level h at the end of the tube below the 

plane liquid surface is denoted by dgh. In the case of a liquid that 

wets the tube, r is the internal radius of the tube.

The air must be bubbled at a rate that is sufficient to keep the 

water purged out of the tube when immersed to the maximum depth. This 

bubble rate is so low that the following assumptions can be made re

garding the system:
k '(1) The process is adiabatic and follows the gas law pv «=» 

constant, where p is absolute, pressure in pounds per square foot, 

v is specific volume in cubic feet per pound, and k is the ratio 

of the specific heat at constant pressure to the specific heat at 

constant volume.
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a. Tubing immersed in oil

I
b . Tubing immersed in water

Figure 3. BUBBLE FORMATION AND DETACHMENT AT TUBE OPENING
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(2) The air flow follows the equation of continuity, dVA = 

constant, where is the density in slugs per cubic foot, V

is the average velocity in feet per second, and A is the cross- 

sectional area in square feet *

(3) The variation in the velocity of flow is so small that the 

velocity can be considered constant e This can be explained with 

the equation of continuity, as follows«, The change in the cross- 

sectional area of the tube is negligible and the continuity 

equation takes the form dv = constant * Air is compressible but 

the pressure change in the system is negligible. Therefore, the 

velocity remains essentially constant throughout the process0

The total pressure at the tip is transmitted to a manometer gauge. 

The sensitivity of the manometer to slight changes in the depth of im

mersion is dependent upon the ratio of the specific gravity of the ma

nometer fluid to the specific gravity of the liquid in the well. For 

example if the manometer, fluid is water and the tip of the tube is sub

merged in water, a one foot increase in pressure at the tip will result 

in a one foot change in the manometer. If the manometer fluid is oil 

with a specific gravity of 0.80, an increase in pressure at the tip of 

one foot of water would result in a 1.25 foot change in the manometer. 

With mercury (sp. gr. = 13.6) as the manometer fluid the manometer de

flection corresponding to a one foot depth of immersion in water would 

be 0.073 feet.

If the specific gravity, of the manometer fluid is known, the 

specific gravity of the liquid at the tip can be found as follows:



PI pmBy definition tL = —  and h = -SL W. r a w
^  m

where

° depth of immersion in feet.

h = manometer deflection, in feet, corresponding to the m
depth of immersion h.

P = pressure at the tip, in pounds per square foot, required L
to force the liquid out of the tube.

P = pressure, in pounds per square foot, required to support tn
the liquid column, h.

W = specific weight of the liquid at the tip in pounds per 

cubic foot.

W = specific weight of the manometer fluid in pounds per m
cubic foot.

Transposing,

P, = WT hy. and P = W h . L L L m m m

At equilbrium p = P and W h = ¥ hL m L L m m

then,
Hn

By definition, the specific gravity of any liquid is its 

specific weight divided by the specific weight of water. Therefore, if

both sides of the equation are divided by the specific weight of water.

W , the following relationship is found:



where, .
= specific gravity of the liquid at the tip.

Gm = specific gravity of the manometer fluid, 

transposing,

- Sb .
hm =L

The ratio of the depth of immersion to the manometer deflection 

is equal to the ratio of the specific gravity of the manometer fluid 

to the specific gravity of the unknown liquid. If the manometer fluid 

is water ((^= 1), the ratio of the depth of immersion to the manometer 

deflection will be equal to the reciprocal of the specific gravity of 

the unknown liquid.

If 2s is negligible and the manometer reflects dgh the .ma~ 
r

nometer deflection curve (depth of immersion versus manometer deflection) 

will be a straight line with a slope equal to the ratio of the specific 

gravity of the manometer fluid to the specific gravity of the liquid 

at the tip. By way of illustration:

The airline is lowered into a well and the resulting manometer 

deflection curve is. a straight line with a slope of 1.25. The manometer 

fluid is water (G =1).
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Then 5

\
J ±  = 1.25 hm

V  a

G = 0.80.
la

The specific gravity of the liquid at the tip in this case, then, is 

0.80.

The slope of the manometer deflection curve might be affected by 

changes in the specific gravity of the air in the line and the water in 

the manometer. The effects of temperature and pressure changes on the 

manometer readings were investigated. The specific weights of air and 

water increase with increasing pressure and decreasing temperature. 

However, the temperature and pressure changes in the system are so slight 

that there is no appreciable change in the specific weight of the air or 

water during water level measurement with the airline.

Equipment

The assembled portable airline is shown in Figure 4. Components, 

connected with nylon tubing and plastic fittings are: an air cylinder

with a pressure regulator and metering device (Figure 5), a manometer 

(Figure 6), and a tubing reel with 350 feet of air line and a footage 

counter (Figure 7). The first 18 inches of tubing above the tip is 

wrapped with sheet lead to provide adequate weight.
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AIR CYLINDER

m a n o m e t e r

Figure 4. ASSEMBLED PORTABLE AIRLINE UNIT



a. Air cylinder

METERING 
DEVICE PRESSURE 

REGULATOR]
b. Closeup of pressure regulator and metering device

Figure 5. AIR CYLINDER WITH PRESSURE REGULATOR AND 
METERING DEVICE



Figure 6. WATER MANOMETER USED IN LABORATORY 
TESTS AND FIELD STUDIES



a. Reel

COUNTER

Figure 7. TUBING REEL USED WITH PORTABLE 
AIRLINE UNIT
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A pressure regulator is used on the cylinder to maintain constant 

pressure on the needle valve in the metering device (Figure 5b). Under 

small and constant pressure, the needle valve can be adjusted to maintain 

the desired bubble rate.

The manometer, calibrated in inches of water, has a range of 0-3 

feet„ Water was chosen as the manometer fluid to attain the desired 

sensitivity. Other fluids could be chosen if a greater range of measure

ment is desired. Sensitivity must be sacrificed or a larger manometer 

must be used if greater range is needed.

Three sizes of nylon, tubing were originally chosen - 1/8", 5/32", 

and 3/16" O.D. Preliminary investigation revealed that the 1/8" O.D. 

tubing could not be used because of high resistance to air flow. The 

remaining two sizes of tubing were chosen as part of the equipment to be 

tested in the laboratory.

Laboratory Studies

A series of laboratory tests was made with the portable airline 

before the unit was taken to the field. The tests were made with two 

different sizes of nylon tubing - 5/32" O.D. and 3/16" O.D. The purpose 

of these tests was to determine (1) what procedure should be followed 

when making measurements, (2) which of the two sizes of nylon tubing 

would be best suited for field use, and (3) the correlation between the 

manometer reading and the prediction from the laws of fluid statics.

Studies were made with water, oil, and oil on water to compare 

the curves of depth of immersion versus manometer deflection. Air 

from the tank was bubbled through the tube at the desired rate and
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discharged freely into the atmosphere. The pressure transmitted to the 

manometer is the pressure required to overcome resistance to air flow 

through the tubing. This pressure reading was recorded as the base 

reading.

The tip of the tube was then lowered a measured distance into the 

liquid and the corresponding manometer deflection recorded (Figure 8).

The procedure was repeated until enough readings were obtained to define 

the manometer deflection curve. After each series of measurements the 

base reading was checked when the airline was returned to the atmosphere.

Additional tests were made with the portable airline, electric 

drop line and steel tape to determine the comparative physical charac

teristics - weight, stretch, and breaking strain.

The footage counter used in the field studies was calibrated 

against a steel tape to determine the existing measurement error.

Field Studies

When the laboratory studies were completed the portable airline 

unit was taken to the field and compared to the steel tape and electric 

drop line (Figure 9). The results of the laboratory studies indicated 

that a variation of the procedure followed in making laboratory measure

ments should be followed in the field. Air was discharged from the 

tank at a given rate. The original manometer deflection was recorded as 

the base reading. The tubing was slowly lowered into the well until 

deflection of the water manometer was noted. The tube was then lowered 

until the counter registered an even foot and the manometer deflection 

and counter reading were recorded. The corresponding depth of immersion



a. Balanced

Figure 8. MANOMETER DEFLECTION



Figure 9 WATER LEVEL MEASUREMENT WITH THE 
PORTABLE AIRLINE



was recorded as an unknown* x» Continued lowering of the tubing in three 

inch increments resulted in the additional data required for the ma

nometer deflection curve (Figure 10)« When enough readings were obtained 

to define the curve* the airline tubing was raised until the tip was no 

longer submersede The base reading was checked and recorded0

The data obtained was plotted and the slope of the resulting 

curve foundo The line was then extrapolated until it intercepted the 

initial base reading on the manometer deflection scale 0 The point of 

interception locates the surface of the liquid* The algebraic difference 

between the surface and the unknown depth of immersion* x, is the 

distance the tip was submerged for the original reading* This distance 

is algebraically added to the corresponding counter reading* The ma

nometer deflection curve for a typical well and sample calculations for 

determining the water level in the well are shown in Figure 10*
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RESULTS AND DISCUSSION

Laboratory Studies

Tests were made in the laboratory with three fluids; oil, water 

and oil on water. Three bubbling rates were used for both tubing sizes 

in each of the fluids. The test results show that the slope of the 

manometer deflection curve is not affected by the bubble rate nor size 

of delivery tube (Figures 11, 12 and 13), The data from the laboratory 

studies are shown in Appendix A,

The air flow rate, in every case, was below the measurement range 

of the air flow meter. The results, however, show that the bubble rate 

does not affect the slope of the manometer deflection curve so it is not 

necessary to measure the flow rate. As a result, the flow meter was not 

used in the laboratory tests nor the field studies. The three bubble 

rates in the laboratory were determined by varying the initial manometer 

deflection.

The mean slope of the manometer deflection curve was 1.15 for oil 

and 1.00 for water. A 95% confidence interval placed on the mean slope 

for each fluid included all the slopes from each test. Slope variation, 

therefore, was within the precision of reading the manometer scale to 

the smallest division (0.1 inch). Variation might have been reduced by 

estimating the manometer readings to the nearest 0.05 inch. However, the 

lack of statistical significance in the variation indicates additional 

precision is not justified.
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The laboratory studies showed good correlation between the 

portable airline data and prediction from the laws of fluid statics* As 

expected, the surface tension of the fluids had no effect on the manometer 

readings because the pressures involved exceeded the equilibrium pressure 

for which surface tension is defined. Therefore, the resultant total 

pressure is not a function of the size of delivery tube nor the surface 

tension of the fluid at the tip. The total pressure equation is then re

duced to the form P = dgh. The specific gravity of the fluid at the tip 

was the reciprocal of the slope of the manometer deflection curve. The 

reciprocal of the mean slope for oil indicates a specific gravity of 

0.87 compared to the gravimetric measurement of 0.86 at 70°F.

A five-inch layer of oil on water was used in one series of 

tests. It was noted during the tests that a narrow zone of air-oil water 

was formed at the oil-water interface when air was discharged into the 

region near the interface. The zone does not affect the readings because 

the tip is always at the bottom of the zone. The oil-water interface was 

detected in every case (Figure 13). The location of the interface is 

indicated by the intersection of the two slopes.

The results of the comparative physical characteristics tests for 

the portable airline, electric drop line, and steel tape are shown in 

Table 2. The physical properties of the three portable water level probes 

are comparable. The nylon tubing has the advantage of being the lightest 

in weight and, therefore, easiest to handle when measuring deep wells.

The calibration of the footage counter used in the field studies 

showed an error of three feet per hundred feet (see Figure 14),



Table 2

Comparative Physical Properties of the Three Portable Water Level Probes

Physical Property

Who per 100 ft0

Stretch @ 56#

Stretch due to 200 ft, of 
the material (no added wt„)

Breaking strain

Approximate outer cross- 
sectional area

Electric Drop Line 
#18-2 Stranded

1.75 lb.

1.4 in. per 100 ft, 

Negligible

90 lb ,

0.02 in.2

Steel Tape 
Lufkin 
Pioneer

1.5 lb.

Negligible

Negligible

300-400 lb. 

0.005 in,2-.

Portable Air
line 3/16" O.D, 

Tubing

0.63 lb.

Negligible

Negligible

165 lb. 

0.028 in.2
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Corrections of this type are. common to footage counters and must be 

determined for every size tubing or drop line cord.

The laboratory results indicated that both sizes of tubing were 

satisfactory for field use. The larger tubing was selected to be used 

in the field studies because it had less friction loss.

Field Studies

The portable airline was compared with the steel tape and electric 

drop line in a total of thirteen wells. The data for the wells measured 

can be found in Appendix B. No comparisons could be made with standard 

airlines because none were located. Of more than 100 wells visited 

during a recent pump study, only one was equipped with an airline.

The field performance of the portable airline was very favorable 

(see Table 3). The data were accurate and the measurements were made 

without difficulty. The tip of the airline was plugged with grease at 

one well but was easily cleaned by increasing the air flow rate.

An abandoned well was chosen for the initial field measurement 

so the descent of the air line could be observed. There was a large 

cascade in the well about 80 feet below the surface. The airline tubing 

was free of oil when removed from the well, indicating an absence of oil 

in the well. A turbulent water surface was detected with the airline and 

was found to penetrate 15 inches of the free water table. The effective

height of the aerated zone was found by extrapolating from the unaerated

water body beneath (Figure 15). The specific gravity of the aerated zone 

was 0.87, indicating that the turbulent zone averaged 13% air. Six other

wells had cascading water but turbulent zones were not encountered.
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Table 3

Comparison of Water Level Measurement with the Steel Tape, Electric 
Drop Line, and Portable Airline.

ill No. Steel
Tape

Electric 
Drop Line

Portable
Airline

Remarks

1 108.7 107.8 Cascading Water

2 107.1 106.7 Cascading Water

3 110.0 111.0

4 100.2 102.3 Cascading Water

5 102.3 103.3 Cascading Water

6 92.6 93.0 93.6

7 97.7 97.0

8 169.0 170.3 Cascading Water

9 110.0 110.8 Cascading Water

10 242.5 240.5 242.3

11 272.4a 267.2b Oil

12 — ■ 165.0 164.4 Cascading Water

13

a

182,3 181.0 183.0

Indicates depth to bottom of oil layer 

^Indicates depth to top of oil layer
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One well had a five-foot layer of oil on the water surface 

(Figure 16). The electric drop line located the oil-water interface at

272.4 feet and the portable airline located the upper surface of the oil 

at 267.2 feet. The oil-water interface could not be located with the 

portable airline because the depth of the oil layer exceeded the measure

ment range of the manometer. However, laboratory data indicate the 

interface could have been detected using a manometer with sufficient 

measurement range (see Figure 13). The specific gravity of the oil, found 

with the portable airline, was 0.90.

Seven of the 13 wells had cascading water and the steel tape could 

not be used. The electric drop line was used in eleven of the wells but 

could have been used in all thirteen. The steel tape was sufficient check 

for the airline in the two wells not measured with the electric drop line.

In sutmnary, the water level measurements obtained with the 

portable airline compared very closely with two existing portable water 

level probes. Failure to detect the water surface in one of the wells 

was an equipment problem and could easily be remedied through use of a 

manometer with sufficient measurement range.

Advantages of the Portable Airline

The portable airline offers greater flexibility in wells where 

cascading water and/or oil is present. Portable airline measurements 

reflect only the pressure at the tip and are not dependent on the fluid 

present in the well. The standard airline has these same advantages. 

However, the total equipment investment for a large number of wells would 

be higher for the standard airline because one must be permanently 

installed in each well measured.
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Application of the portable airline in well tests was noted during 

the field studies. Early data of a well test can be accurately secured 

because the manometer can be read at specified time intervals without 

lowering the air line. When a well test is completed the airline can be 

removed and transferred to another well.

The airline tubing is easier to handle than the electric drop

line and steel tape because of its light weight. The breaking strain of 

the nylon tubing is higher than the electric drop line. While there was 

no measurable stretch iii any of the portable probes under normal oper

ating conditions, the electric drop line stretches more under high tensile 

stress than does the nylon tubing.

Disadvantages of the Portable Airline

The total initial cost of the portable airline unit is approxi

mately $100-125 as compared to $80-100 for the electric drop line, $90

for the steel tape, and $60-80 for the standard airline. The prices are 

based on dealer's costs and include all material necessary to measure 

water levels to 500 feet.

It required, on the average, from 10 to 15 minutes longer to 

make a water level measurement with the portable airline than with the 

steel tape or electric drop line. If 100 wells were to be measured, use 

of the portable airline would require 1000 to 1500 minutes (two eight- . 

hour days) longer.

Possible Improvements

While the airline prototype functioned satisfactorily in the 

field studies, the following are suggested for more efficient operation:
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(1) A bypass on the regulator and a shutoff valve on the 

manometer would allow •'blowing out" obstructions in the 

air line without changing the needle valve setting. The 

line could then be cleaned without changing its position 

in the well.

(2) Quick-opening connectors at the tee would allow the 

manometer and reel to be connected and disconnected with 

less effort. The time required to set up the equipment 

and make water level measurements would then compare more 

favorably with the two existing methods.

(3) Manometer deflection readings should be calibrated in 

tenths and hundreths of feet rather than inches and tenths 

of inches to eliminate the need for scale conversion.

(4) A sliding scale on the manometer would allow direct reading 

of manometer deflection. The zero of the scale could be 

positioned at the top of the lower column of the manometer 

and the distance to the upper column read directly.

(5) A mercury manometer should be added to increase the range 

of application. Pressures equivalent to 0.1 foot of water 

can be detected with a mercury manometer and are sufficient 

for most field applications.

(6) A footage counter indexed to 0.1 foot would be more 

advantageous.
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CONCLUSION

Results from the laboratory tests and field studies indicate the 

basic design of the portable airline to be sound. The portable airline 

offers considerable improvement over each of the existing methods of 

measuring water levels. Some equipment refinement, however, is necessary 

before the portable airline will be practical for general field use. The 

potentially wide application of the portable airline in wells with oil 

and/or cascading water justified further investigation into its use for 

measuring water levels. In research work the high degree of accuracy 

that can be attained with the airline has promising possibilities.

In summary, the tests made with the portable airline prototype 

show that accurate water level measurements can be secured under all 

well conditions commonly encountered. With further research, aimed at 

improving the apparatus and measurement techniques, the portable airline 

can be developed into a practical instrument for water level measurement.
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APPENDIX A 

LABORATORY DATA

5/32" P.P. Tubing - Balance +0, 5

Water - 60°F. Time to run 1 series - 6.5 m i m

Depth of Manometer Manometer Manometer
Immersion Deflection Deflection Deflection

(in) (in) (in) (in)

0 3.7 12.0 18.4
1 4.8 13.0 19.5
2 5.8 13.9 20.6
3 7.0 15.0 21.6
4 8.0 15.9 22.8
5 8.9 16.9 23.8
6 9.9 18,0 24.8
8 11.9 20.0 26.9
10 13.7 22.0 28.9
12 15.8 23.9 30.7

' o * 3.9 11.9 18.4

Oil - 72°F.

Depth of Manometer Manometer. Manometer
Immersion Deflection Deflection Deflection

(in) (in) (in) (in)

0 ' 3.7 12.4 17.8
• 1 4.5 13.2 18.6

2 5.3 14.0 19,6
3 6.3 15.0 20.4
4 7.1 15.8 21.2
5 8.0 16.8 22.2
6 • 9.0 17.6 23.0
0 3.4 12.2 17.6

47
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Appendix A - Continued

5/32" P.P. Tubing - Balance -fr 0.5 

Oil on Water - 62° F. _______

Depth of Manometer Manometer Manometer
Immersion DDeflection Deflection Deflection

(in) (in) (in) (in)

0 8.8 13.0 18.0
1 9.6 13.8 18.8
2 10.6 14.8 19.8
3 11.4 15.6 20.4
4 12.2 16.4 21.4
5 13.0 17.4 22.4
6 14.0 18.4 23.4
8 15.8 20.2 25.6
10 18.0 22.4 27.4
12 19.8 24.1 29.2
0 8.4 12.8 17.9

3/16" O.D. Tubing 

Water 66®F.

- Balance + 0.5 

Time to run 1 series - 6o0 mitio

Depth of Manometer Manometer Manometer
Immersion Deflection Deflection Deflection

(in) (in) (in) (in)

0 3.0 6.0 11.2
1 4.2 7.4 12.2
2 5.2 8.4 13.2
3 6.2 9.4 14.0
4 7.2 10.4 15.2
5 8.0 11.4 16.2
6 9.0 12.4 17.2
8 11.0 14.4 19.2
10 13.0 16.4 21.2
12 15.0 18.4 23.0
0 3.0 6.2 11.0
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Appendix A - Continued

3/16" 0,D. Tubing - Balance + 0.5 

Oil 70° F.

Depth of Manometer Manometer Manometer
Immersion Deflection Deflection Deflection

(in) (in) (in) (in)

0 3.0 6.4 10.4
1 . 4.0 . 7.2 11.2
2 4.8 8.0 12.2
3 5.6 9.0 13.0
4 6.6 9.8 14.0
5 . 7,4 10.8 14.8
6 8.4 11.6 15.6
7 9.2 12.4 16.4
0 3.0 6.2 10.4

Oil on Water 74° F.

Depth of Manometer Manometer Manometer
Immersion Deflection Deflection Deflection

(in) (in) (in) (in)

0 3.2 5.6 9,4
1 4.0 6.6 10.2
2 5.0 7.4 11.2
3 5.8 8.2 12.0
4 6.6 9.2 12.8.
5 7,6 10.0 13.8
6 8.6 11.0 14.8
8 10.6 13.0 16.8

10 12.6 14.8 18.6
12 14.6 17.0 20.8
0 3.0 5,4 9.2

VOLUMETRIC DETERMINATION OF SPECIFIC GRAVITY OF OIL USED IN LABORATORY 
STUDIES

Vol =* 250 cm^ 
Wt = 214,4 gm

Temp «* 70°F

214.4 gm
sp wt ■ -  0.86 gm/cc

Sp Gr = 0.86
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Appendix B

FIELD DATA

Well Noo 1 Date: November 24, 1964
Location: Sahuarita, Arizona

Depth Measurement
Electric drop line - 108.7 feet
Steel tape - 78 feet to top of cascading water
Portable airline - 107.8 feet (see calculations below)

Immersion Manometer Length of Comments
Depth Deflection Tubing in Well
(in) (in) (ft)

0 6.0
X 6.0 107.6 Well was abandoned

X-f3 8.2 with a cascade
X+6 11.2 78 feet from the
X+9 13.8 surface

X+12 16.4
X+15 19.0
X+18 22.0
X+24 28.0
X+36 40.0

0 5.8
From graph - water surface located at X+2.0 inches. 

X+2.0 in. = 0.17 ft.

Depth to water surface = 107.60 + 0.17 = 107.77 ft. 

Comparison of airline to electric drop line

108.7
-107.8 i i i  - 0-0083

0.83% difference between portable airline and electric drop line,
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Appendix B - Continued

Well No. 2 Date: November 24, 1964
Location: Sahuarita, Arizona

Depth Measurement

Electric drop line - 107.1 feet

Steel tape - 82 feet to top of cascading water

Portable airline - 106.7 feet (see calculations below)

Immersion
Depth
(in)

Manometer
Deflection

(in)

0 6.0
X 6.0

X+3 8.2
X+6 11.0
X+9 14.0

X-HL2 17.0
X-HL5 20.0
X+18 23.0
X-5-24 29.2

0 5.8

Length of 
Tubing in Well 

(ft)

106.6

From graph - water surface located at X+1.0 inch. 

X-K).08 ft.

Depth to water surface = 106.6040.08 = 106.68 ft. 

Comparison of airline to electric drop line

0.4107.1
-106.7

0.4 107.1 0.0037

Comments

Cascading water 
82 feet from the 
surface

0.37% difference between the portable airline and electric drop line.
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APPENDIX B - Continued

Nell No. 3 Date: November 24, 1964
Location: Sahuarita, Arizona

Depth Measurement

Electric drop line - no reading taken 

Steel tape - 110.9 feet

Portable airline - 111.0 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3
X+6
X+9

X+15
X4-21
X+24

0

Manometer
Deflection

(in)

3,4
5.8
9.0
11.6
14.6
20.6
26,8
30.0
3.6

Length of 
Tubing in Well 

(ft)

111.2

111.0
-110.9

0.1 110.0 0.001

Comments

Had some trouble 
getting past 70 feet, 
No trouble getting 
line out of well.

From graph - water surface located at X-2.4 inches. 

X-2.4 in. = X-0.20 ft.

Depth to water surface = 111.2 - 0 . 2 =  111.0 ft. 

Comparison of airline to steel tape.

0.1

0.1% difference between the portable airline and steel tape.
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APPENDIX B - Continued

Well No. 4 Date: November 24, 1964
Location: Sahuarita, Arizona

Depth Measurement

Electric drop line - 100,2 feet

Steel tape - 98 feet to top of cascading water

Portable airline - 102.3 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3
X+6
X+9

X+15
0

Manometer
Deflection

(in)

3.6
11.6
14.4
17.4
20.2
26.2
3.4

Length of 
Tubing in Well 

(ft)

103.0

From graph - water surface located at X-7.8 inches, 

X-7.8 in. = 0.7 ft.

Depth to water surface = 103.0 - 0.7 = 102,3 ft. 

Comparison of airline to electric drop line

102.3
•100.2

2.1
2.1

100.2 0.021

Comment s

Cascading water 98 
feet from the 
surface. Tip was 
plugged with grease, 
Had to disconnect 
manometer to clear 
tip.

2.1% difference between the portable airline and electric drop line.
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APPENDIX B - Continued

Well No. 5 Date: November 24, 1964
Location:

Depth Measurement

Electric drop line - 102.3 feet

Steel tape - 101.9 feet to top of cascading water 

Portable airline - 103.3 feet (see calculations below)

Sahuarita, Arizona

Immersion
Depth
(in)

0
X

X+3
X+6
X+9

X+12
X+18

0

Manometer
Deflection

(in)

4.2
13.2
16.0
19.2
22.4
25.4
31.2
4.0

Length of 
Tubing in Well 

(ft)

104.0

From graph - water surface located at X-8.9 inches, 

X-8.9 in. = X-0.7 ft.

Depth to water surface = 104.0 - 0.7 = 103.3 ft. 

Comparison of airline to steel tape

1.4103.3
-101.9

1.4 101.9 0.014

Comments

The cascade in the 
well did not affect 
the readings but 
could be heard 
distinctly.

1.47=, difference between the portable airline and steel tape.
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APPENDIX B - Continued

Well No e 6 Date: November 24, 1964
Location: Sahuarita, Arizona

Depth Measurement

Electric drop line - 93*0 ft*

Steel tape - 92*6 feet

Portable airline - 92.6 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3
X+6
X-t-9

X+12
X+18

0

Manometer Length of
Deflection Tubing in Well 

(in)

5.8
7.6

10,4
13.6
16.8
19.8
26.0
6.0

(ft)

93.7

From graph - water surface located at X-1.7 inches, 

X-li7 in. = X-0.1 ft.

Depth to water surface = 93.7 - 0.1 = 93.6 ft. 

Comparison of airline to steel tape.

93.6
-92.6
1.0

1.0 = 0.011 
92.6

Comments

No difficulty making 
any of the measure
ments in this well.

1.1% difference between the portable airline and steel tape.
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APPENDIX B - Continued

Well No. 7 Date: November 24s 1964
Location: Sahuarita, Arizona

Depth Measurement

Electric drop line - no reading taken 

Steel tape - 97.7 feet

Portable airline - 97.0 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3 
. X+6
X+9

X+12
X+18

0

Manometer
Deflection

(in)

6,0
16.0
18.8
22.0
25.0
28.0
34.0
6.0

Length of 
Tubing in Well 

(ft)

97,8

Comments

No difficulty making 
measurements in this 
well

From graph - water surface located at X-10.0 inches, 

X-10.0 in. = X-0.8 ft.

Depth to water surface = 97.8 - 0.8 = 97.0 ft. 

Comparison of airline to steel tape.

0.797.7
-97.0
0.7 97.7 0.007

0.7% difference between the portable airline and steel tape.
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APPENDIX B - Continued

Well No o 8 Date: November 24, 1964
Location: Sahuarita, Arizona

Depth Measurement

Electric drop line - 169,0 feet,

Steel tape - 168 feet to top of cascading water 

Portable airline - 170,3 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+6
X+9
X+12
X+18

0

Manometer Length of
Deflection Tubing in Well

(in)
6.4
6.4 
8.2
11,2
14.2
19.8
6.2

(ft)

169.9

From graph - water surface located at X+4.3 inches, 

X+4.3 in. = X+0.4 ft.

Depth to water surface - 169.9 + 0.4 = 170.3 feet. 

Comparison of airline to electric drop line

170.3
-169.0

1.3
■lo3 = 0.008169.0

Comments

Had trouble getting 
steel tape measure
ment in this well. 
There was some 
cascading water in 
the well.

0.8% difference between the portable airline and electric drop line.
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APPENDIX B - Continued
67

Well No. 9 Date: November 24, 1964
Location: Sahuarita, Arizona

Depth Measurement

Electric drop line - 110.0 feet.

Steel tape - unsatisfactory reading.

Portable airline - 110.8 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3
X+6
X+9
X+12
X+18

0

Manometer Length of
Deflection Tubing in Well

(ft)(in)

8.4
13.8
17.0
19.8
22 .6
25.4
31.6
8.0

111.2

From graph - water surface located at X-5.4 inches 

X-5.4 in. = X-0.4 ft.

Depth to water surface = 111.2 - 0.4 = 110.8 feet. 

Comparison of airline to electric drop line.

0.8110.8
- 110.0

0.8 110.0 0.007

Comments

Steel tape measure
ment was unsatis
factory because of 
cascading water.

0.77o difference between the portable airline and electric drop line.
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APPENDIX B - Continued

Well No. 10 Date: December 22, 1964
Location: Eloy, Arizona

Depth Measurement

Electric drop line - 240.5 feet

Steel tape - 242.5 feet.

Portable airline - 242.3 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3
X+6
X+9

X+12
0

Manometer
Deflection

(in)

5.2
14.6
17.6
20.6
23.6
26.6
5.2

Length of 
Tubing in Well 

(ft)

243.1

From graph - water surface located at X-9.4 inches 

X-9.4 in. = X-0.8 ft.

Depth to water surface = 243.1 - 0.8 = 242.3 ft. 

Comparison of airline to steel tape.

242.5
-242.3

0.2
0.2

242.5 0.0C09

Comments

Well was abandoned.

0.09% difference between the portable airline and steel tape.
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APPENDIX B - Continued
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Well No. 11 Date: December 22, 1964
Location: Eloy, Arizona

Depth Measurement

Electric drop line - 272.4 feet to bottom of oil layer. 

Steel tape - no reading taken.

Portable airline - 267.2 feet (see calculations below)
Immersion

Depth
(in)

0
X

X+6
X+9

X+12
X+15
X+18
X+24
X+30
X+36
X+42

0

Manometer Length of Comments
Deflection Tubing in Well

(in)

6.6 
6.6 
7.2 
9.8

12.4 
15.0
17.8
23.4
28.8 
34.2 
39.8
6.4

(ft)

266.7 Well had a layer of 
oil on the water 
surface. Oil-water 
interface could not 
be located because 
of insufficient 
manometer range.

From graph - oil surface located at X+5.6 inches.

X+5.6 in. = X+0.47 ft.

Depth to oil surface = 266.70 + 0.47 = 267.2 ft.

The measurements made in this well can not be compared because the 
manometer on the portable airline unit did not have sufficient measure
ment range to detect the oil water interface.
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APPENDIX B - Continued

Well No. 12 Date: December 22, 1964
Location: Casa Grande, Arizona

Depth Measurement

Electric drop line - 165.0 feet.

Steel tape - no reading taken

Portable airline - 164.4 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3
X4-6
X+9

X+12
X+18
X+24

0

Manometer
Deflection

(in)

6.4
11.2
14.2
17.2
20.0
23.0
29.0
35.0
6.4

Length of 
Tubing in Well 

(ft)

164.3

Comments

165,0
•164.4

0.6
 P.?-6- = 0.004165

Heavy cascade in 
well about 90 feet 
below the surface. 
Needle on electric 
sounder flickered 
from 89 feet. Solid 
reading at 165 feet.

From graph - water surface located at X-4.8 inches. 

X-4.8 in. = X-0.4 ft.

Depth to water surface = 164.8 - 0.4 = 164.4 ft. 

Comparison of airline to electric drop line.

0.4% difference between the portable airline and electric drop line.
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APPENDIX B - Continued
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Well No. 13 Date: December 22, 1964
Location: Casa Grande, Arizona

Depth Measurement

Electric drop line - 131.0 feet.

Steel tape - 182.3 feet

Portable airline - 183.0 feet (see calculations below)

Immersion
Depth
(in)

0
X

X+3
X+6
X+9

X+12
0

Manometer
Deflection

(in)

9.2
12.2
15.2
10.0
20.8
23.8
8.8

Length of 
Tubing in Well 

(ft)

183.3

From graph - water surface located at X-3.0 inches. 

X-3.0 inches = X-0.25 feet

Depth to water surface = 183.3 - 0.3 = 183.0 ft. 

Comparison of airline to steel tape

183.0
-182.3

0.7
0.7

182.3 = 0.004

Comments

No difficulty making 
measurements in this 
well.

0.4% difference between the portable airline and steel tape.
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