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I. Executive Summary 
Team 1 has proven that a human powered air-lift pumping system is possible and 

functional; however, it is not as efficient as the pumping systems that are currently in 
use.  This means that this system will, most likely, not be used in typical situations.  
One foreseeable situation when this style of pump might be beneficial would be in a 
sand producing well. 

 
II.  Introduction 

Lifewater International is a Christian organization that strives to provide clean 
water in developing countries.  Currently Lifewater International has installed over 
2500 water pumping systems worldwide, and is constantly working on ways to improve 
them.  Team 1 is focusing on one of these improvement ideas.  The project is the 
development of a human-powered air-lift water pumping system.  This system is 
composed of four main components.  First, the system will receive its power from a 
seated pedaling apparatus, similar to a bicycle.  Second, this apparatus will be powering 
an air compressor through a series of gears, which will pump air to the bottom of the 
well.  Thirdly, the air is injected into a drop pipe, lifting water with it as it rises to the 
surface.  Finally, at the top of the drop pipe, the water will be discharged into a tank 
that will maintain the integrity of the water.  

 
III.  Problem Specification 

a. Description of the Challenge 
The pumps that Lifewater is currently installing on their wells consist of a 

positive displacement piston.  In this style of pump the water enters the bottom 
of the cylinder through a check valve.  Once the water is drawn into the 
cylinder, on the next down-stroke of the piston, this same water is pushed 
around the piston seals (leathers) to the top side of the cylinder.  Then as the 
piston is raised, this water is pushed upward with the piston and fresh water is 
drawn into the bottom of the cylinder. 

This pumping cylinder can be located either at the base of the well (at the 
bottom of the well casing close to the well screen) or at the surface.  When the 
cylinder is located at the bottom of the well, the maximum well depth can be on 
the order of several hundred feet. However, if this cylinder is located at the 
surface then a vacuum is created in the water delivery pipe (drop pipe) and for 
practical purposes this arrangement is limited to 32 feet of pumping head.  

When the seals wear in the pump cylinder it is difficult to replace them, 
especially on the cylinders that are located at the bottom of the well.  Lifewater 
proposed replacing these with an air-lift pumping system. 

 
b. Project Requirements 

Lifewater would like the system to have no moving parts in the well itself.  
This would reduce the complexity of maintenance when required.  The system 
must be adaptable to differing well depths up to the maximum of their current 
drill rigs (100 feet) but preferably up to 300 feet.  The system should be able to 
be implemented in current wells so the size of the parts that are placed in the 
well must be less than 4 inches across.  The entire system must be powered by a 
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human and provide an adequate pumping rate.  Parts should be designed out of 
materials that are relatively common or easily obtained in a third world country 
and care should be taken so that common parts are not easily removed and 
utilized for personal use.  The system must be adjustable to allow for differing 
user heights so that the required power input can be matched to what can be 
provided by the average person who is given the task of collecting water.  The 
system must have a long operational life and be designed for simple 
maintenance.  Finally the entire pumping system must not introduce 
contaminates to the well once installed and must be relatively safe to operate. 

 
c. Prior Work  

The air-lift pumping system, according to research, has been used for 
hundreds of years as a method to de-water mines.  In these situations air would 
already have been available for ventilation purposes.  Further research showed 
that these systems are currently being sold on windmill platforms for aerating 
ponds as well as pumping water.  There are several companies that are currently 
producing wind-air systems for this use.  However data from the graphs they 
supplied proved to have errors. 

 
IV. Proposed Solution 

a. Project Management 
i. Team Organization 

Team 1 was successful because of the constant communication that took 
place within the group.  This allowed the team members to see the issues 
from several perspectives and build off of each other’s ideas.  This was 
particularly effective because of the different abilities of each of the team 
members.  Each member made contributions to the project where they saw 
fit.  This proved to be an important part of staying organized. 

 
ii. Work Breakdown Structure 

Another significant part of keeping the team organized involved the 
delegation of work loads among members.  Once individual tasks were 
completed the team would compile the work together.  This was effective 
because it kept all of the members involved with the project and updated 
with all of the changes that were made.   
 Throughout the year, the time allotted to specific aspects of the project 
was recorded as shown in Appendix A.  Keeping track of hours helped the 
team stay on schedule and aware of what things had to be done and when.  
This proved to be very helpful because it prevented the group from falling 
behind and having to rush to get things done at the end.  This was 
accomplished via frequent meetings throughout the week.  In addition to the 
planned meetings, email communication proved to be vital when the team 
was separated. 
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iii. Schedule 
The team had a set meeting time of 1:00 p.m. every Monday, Wednesday, 

and Friday.  From there, specific meeting times were arranged as needed.   
The frequency of team meetings and good communication ensured a met 
schedule, punctual deadlines, and therefore no contingency plans were 
required. 

 
b. Project Budget 

i. Prototype 
  The prototype was designed with flexibility in mind so the system could 

be altered as needed.  It consists primarily of four components; a seated 
peddling apparatus, a compressor, a well, and a water retrieval system. 

  The seated peddler is constructed primarily from scrap metal and parts of 
two bicycles.  The primary purpose of the peddler is to provide support for 
the gearing system that drives the compressor.  It consists of a chair and a 
gearing system.  A chair is used instead of a saddle so it will be more 
culturally appropriate for women with skirts.  It also provides something to 
press your back against when peddling as the user may be on the apparatus 
for a long period of time depending on how much water is needed.  The 
gearing system is the primary part where the bicycles are used.  They 
provide support for the gearing system.  The first stage supports the crank 
and primary gears.  The chain then leads to the first gear increase which is 
mounted on the second bike tail.  The cassette allows the first chain to be 
mounted on the small gears and a second one to be mounted on the bigger 
sprockets.  This second chain leads to the compressor gears. 

The compressor is a single stroke model directly connected to the gear 
system.  At this point the gear ratio can again be adjusted via a cassette 
mounted on the compressor shaft.  A flywheel is also mounted on the shaft 
to reduce vibration and carry the momentum of the peddler to some extent.  
The compressor is mounted on a thick metal plate and hinged to the I-beam 
so that its weight maintains tension on the chain.  The screw support thingy 
is adjusted to support much of the weight of the compressor.  The air tank is 
attached to the peddler frame and is fed compressed air directly from the 
compressor.  It can directly feed the well or accumulate air for controlled 
release. 

  The third part of the prototype is the well.  It is a total of 28 feet tall and 
simulates a 28 foot well with 16 feet of water.  The air comes up the top of 
the well via a rubber hose.  It is then directed to the bottom of the well 
through a ½ inch PVC pipe.  When it gets to the bottom of the well it turns 
up into the 1 inch PVC drop pipe.  There is a perforated piece of pipe around 
the beginning section of drop pipe to allow water from the bottom of the 
well to quickly replace the water expelled to the surface by the pump.  There 
is also a plexi-glass window on the bottom of the well casing so the bottom 
can be observed.  The drop pipe then rises 28 feet to the ceiling.  A hose is 
attached at the top and ends in a funnel that functions to vent the pressure 
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from the pump so that the suction does not skew the test results.  A hose on 
the end of the funnel leads to the final storage stage. 

  The hose empties into a 55 gallon plastic barrel.  It is supported by a metal 
stand for ease of access.  A tap is installed on the bottom so the water can be 
easily released from the barrel and reintroduced to the well. 

  Specifications for all components can be found in Appendix  B.1. 
 
ii.  Production 

The cost for the prototype well totaled approximately $150.  The cost for 
the seated peddler and barrel stand including estimations for steel prices 
came to approximately $100.  The compressor we initially purchased cost 
$50.  However with the change in design the new compressor suggested 
would cost about $80.  All labor would be done on a volunteer basis.  The 
primary costs in this prototype came from the construction of the simulated 
well.  Very little money was spent on parts for the seated peddler.  The steel 
for the pedaling apparatus was entirely from the metal shop with the bikes 
being donated.  It is expected that old bikes could be acquired for free for 
this product.  This brings the estimated production cost to about $200. A 
more detailed production budget can be found in Appendix B.2. 

 
c. Preliminary Research 

All of the components in this system must work together perfectly to provide 
the desired result of water coming to the surface.  These four main components 
include the power system, compressor, air lift system, and water retrieval 
system.  This means the system as a whole must be optimized as well as 
operable.  There are areas in all four components that were researched so they 
could be used effectively.  Additional information can be found in Appendix G. 

 
i. Power System 

The source for harnessing human power to drive the compressor is a 
pedal-driven device that requires a balance between human strength and 
optimum operating speed.  If the system was designed around a speed 
unattainable by an average person, the pump would be useless.  A typical 
bicycle has a gear ratio of 3:1, which meant multiple gears had to be 
installed in series.  Other power sources such as a lever and a hand crank 
were also considered. 

 
ii.  Compressor 

1.  Pressure of Compressor:  The compressor had to deliver air up to 200 
feet under water (corresponding to a 400 foot well), requiring a pressure 
capacity of about 100 psi.  However, since the compressor had to remain 
inexpensive, only the most cost effective compressors were considered.  
Higher pressures in the system also amplified the pedaling resistance on 
the up stroke of the compressor.  The types of compressors considered 
included a piston compressor, rotary scroll compressor, and a diaphragm 
compressor.  
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2.  Air Flow Rate:  The air flow rate is essential in delivering the optimal 
amount of water.  If the air flow rate is too low, insufficient air bubbles 
prevent continuous lift to the surface.  Testing was done to determine the 
effects of the air flow on the water output.  A check valve was used in 
the air line to prevent air flow in the opposite direction if pedaling 
stopped. 

 
iii.  Air-Lift System 

1.  Water Pipe Diameter:  This diameter has a significant impact on water 
delivery rate.  Larger pipe diameters can obviously produce more water, 
but require more air flow to do so.  In shorter wells such as the prototype 
simulation, lower air flow-rates are needed to pump water so larger pipe 
diameters can produce more water with additional air flow.  Deeper 
wells require so much air flow just to produce water, that energy spent 
on producing the additional air flow required for a larger pipe, was not 
justified.  The prototype system was constructed with 1 in. pipe and the 
full scale version used ½ in. pipe. 

 
2.  Submergence Ratio:  The water delivery pipe goes down to the bottom 

of the well, but water delivery depends on the submergence ratio; how 
much of the water pipe is submerged versus the total well depth,.  
Preliminary testing proved that as the submergence ratio increases, the 
water delivery increases.  However, the depth attainable to install the 
delivery pipe will be restricted by the equipment used to drill the well.  

  
3. Buoyancy Forces:  This is what drives the bubbles to the surface.  The 

air bubbles expand as they rise and take up more volume in the pipe.  
The air pockets continue to rise as more bubbles are forced into the 
pipe, pushing the water and other bubbles trapped on top of them to 
the surface.  There are submergence variables that can be altered to 
increase these forces, but they are dependant on the depth of the well. 

 
iv.  Water Retrieval System 

Once the water reaches the top of the pipe, it is fed into a large plastic 
barrel that stores and maintains the integrity of the water.  It collects a 
substantial amount of water so that the user may pump and retrieve water 
alone.  The barrel has to be elevated enough to fit a bucket under it for when 
the user retrieves the water from the valve tapped into the bottom of the 
barrel. 

 
d. Design 

i. Design Considerations 
The design must be limited in scope as to fit within the two semester 

requirement of the class.  Further the system must adhere to as many of the 
project requirements as can be addressed in the following:  
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The responsibility of being stewards of God’s creation plays a significant 
role in the approach to the design.  Another important aspect of the design is 
the incorporation a new method of pumping water that remains culturally 
appropriate.  This entails coming up with a design that is adaptable to a 
variety of wells, usable to everyone, and sustains the quality of the drinking 
water.  The parts needed for its assembly are to be locally available, such as 
recycled materials that are generally affordable.  It should be easily 
assembled to minimize labor and ensures the safety of the operator and any 
by-standers.   

Another cultural consideration is the concern with pilfering.  Bicycles are 
a treasured commodity in third world countries and with a bicycle as our 
power source; parts of it could find themselves in the hands of needy 
residents.  Therefore, the design must consist of unwanted, unattainable, or 
unusable parts.  Stewardship and cultural appropriateness are only two of 
the many factors that must be taken into consideration in the design.   

The compressor must be manually operated by a single person and deliver 
up to 100 psi.  The performance of the final design consists of its durability 
and efficiency.  The system is to remain durable by eliminating moving 
parts within the well itself and making the necessary moving parts on the 
surface easily accessible and replaceable.  Any required non-replaceable 
parts must remain operational for more than 20 years.  The system 
efficiency must make it capable of delivering water at a rate that is 
comparable to that of existing systems.  The effectiveness of the pump must 
also be sustained throughout its entire life-time.  Overall, we want to 
maximize the performance of the system while minimizing maintenance 
requirements. 

 
ii. Design Alternatives and Analysis 

Initially a scroll style compressor was considered. It was thought that this 
would be more efficient and, as opposed to the piston style, the rotary-like 
motion that this pump incorporates would be more energy conservative than 
reciprocating pistons.  This type of compressor is used commercially in 
home oxygen equipment and is both smooth and quiet when operating.  
However the scrolls themselves are quite complicated and the tolerances 
between the two rotary-oscillating halves are tight.  

Currently these scroll halves are made out of metal.  However, the team 
investigated the option of injection molding them.  The high temperatures 
encountered in the compressor exceeded the glass transition temperature and 
so the design was altered to incorporate thermosetting reinforced polymers 
(such as fiberglass reinforced epoxy).  The complications with 
manufacturing these scroll halves is the major foreseen disadvantage of this 
compressor type. 

Another compressor style that was considered was a reciprocating piston 
diaphragm compressor.  This compressor would use a section of readily 
available rubber inner tube as the seal between the piston and the cylinder.  
With this style, four of these piston and cylinder assemblies would be 
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situated around a master link on a crankshaft throw.  This way for every 
revolution of the compressor crankshaft each piston would make a complete 
stroke.  Furthermore, each piston would be 90 degrees out of phase with the 
previous piston.  This would result in a smoother cycle because when one 
piston is on the upstroke the one exactly opposite is on the downstroke while 
the ones immediately adjacent are in between the up and the down cycles.  
Another advantage of this type of pump is that all of the cylinder could be 
fed into a manifold and the pump could be a four cylinder one-stage pump.  
However, if a deeper well required a higher air flow rate, the first two 
cylinders could feed their air into the next two providing a larger boost in 
the pressure.  This would, in essence, be a two cylinder, two stage 
compressor.  If, however, even more pressure is required (at the cost of a 
lower air flow rate), the first cylinder could supply its output to the second, 
the second would supply the third and the third would supply the fourth 
allowing for a four stage, single cylinder design.  This would be a versatile 
design that could be readily adapted for differing well situations. The major 
drawback to this system is the low (25 psi) boost possible per compression 
stage.  For more information about the design alternatives, refer to Appendix 
F. 

 
iii. Decision  

 Initially our design settled on using a pedaling system to harness the 
human input energy.  We decided to go with this style of power 
procurement because a person can sustain large power expenditures more 
readily.  We also decided that we would use either a piston style or a rotary 
pump and since both of these pumps require a rotary input, the pedaling 
choice was the most feasible. 

In our design we had anticipated building our own compressor from some 
of the ideas listed in the alternative design section.  However during our 
initial industrial consultant meeting we were informed by an expert in the 
field that designing and building our own compressor was beyond the scope 
of our time limit imposed on our design.  Consequently, we decided to 
purchase a commercially available reciprocating piston type compressor and 
implement that with our pedaling design. 

 
iv. Implementation 

The approach to the problem was addresses in the four main areas of the 
system.   A drawing of the overall system can be found in Appendix D.1.  
Step by step instructions for assembling the system can be found in 
Appendix C.   

 
 1.  Power System:   

Since the system is to remain human powered and large amounts of power 
are required, having the operator use their stronger leg muscles was 
intuitive.  A stationary pedal-driven device seemed to agree with most of the 
design considerations related to the power source.  The seat is mounted on a 
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post that can slide along the frame for varying user heights.  The most 
difficult challenge was transferring the manual power to the compressor 

without 
exhausting the 
user too quickly.  
The gear ratios 
required for 
attainable 
pedaling speeds 
are determined by 
the specific well 
conditions.  Figure 
1 shows the 
preliminary 
design. 

 Figure 1.  Gear Layout 
 
 2.  Air Compressor:  The main criterion for the compressor is that it 
supplies enough pressure (approximately 25 psi) to lift the water.  The 3 hp, 
5.5 in.3 displacement compressor that was chosen meets this requirement.  
The motor and compressor were removed from the holding tank and the new 
air compressor 
was installed for 
human powered 
operation.  An 
inlet air filter is 
used to prevent 
contaminants in 
the air from 
being pumped 
through the 
compressor and 
into the well.  
Figure 2 shows 
the preliminary 
design.    
  

    
       Figure 2. Air Compressor  
 
3.  Air-Lift Pump System:  10 ft. and 30. ft simulation wells were constructed 
to demonstrate the physics of the air-lift system.  They were also used to test 
submergence ratios, air flow rates, pressures, and drop pipe diameters.   



 12 

Variables A B C D E F G H I
A Pressure • � � � � � � �
B Airflow Rate � • � � � � � �
C Water Pipe Diameter � � • � � � � �
D Air Pipe Diameter � � � • � � � �
E Bubble Size •
F Submergence Ratio � � � � • � � �
G Power Input � � � � � • � �
H Gear Ratio � � � � � � • �
I Submergence Depth � � � � � � � •

Variable Goes Up unknown
Response to maintain current output  

Figure 3.  Variable Relationships 
 
A diffuser was proven to be ineffective in producing more water.  A 
complete list of variables and how they are related can be seen in Figure 3. 
 
 4.  Water Retrieval System:  The last part of the design is the water 

retrieval system.  This is the 
storage tank that the water drop 
pipe feeds into.  A plastic 55 
gallon barrel was used instead of a 
metal one to prevent rust from 
forming.  The barrel will be 
mounted 2-5 feet above the ground 
and have a hose valve in the 
bottom for accessing the water.  
This is useful because the user can 
pump the water, store it in the 
barrel, and then fill their buckets 
using the valve on the barrel.  
Figure 4 shows a preliminary 
design of the storage barrel. 

 
   
 
 
 
  Figure 4.  Storage Barrel 
 
e.  Test Results 

i. Experimental Apparatus 
Several experiments were preformed on our experimental apparatus in 

order to determine the relationships between inserted air pressures, inserted 
air flow, the submergence ratio, water pipe diameter, and output water flow.  
For the experiments, certain variables remained constant while the variables 
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being tested were allowed to change.  The compressed air was controlled 
and supplied by the constant source air supply.  The water being pumped 
was collected in a 5 gallon bucket while being timed to determine an output 
water flow rate.  

The first variable tested was input pressure.  Varying the amount of 
pressure in the air-line directly affects the amount of water pumped to the 
surface.  The submergence ratio was kept constant at 55% and water pipe 
diameter at ¾”.  Figure 5 shows our results.  However, input air pressure is 
not sufficient for explaining the entire process.  Input pressure, along with 
air-flow, provides a more accurate way for expressing the situation.  Hence 
an air-flow meter was attained to allow for the measurement of input air-
flow. 
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Figure 5: Input Air Pressure Testing on the Experimental Apparatus 

 
The second variable tested was input air-flow.  An air-flowmeter was 

attained and used for this experiment.  The flowmeter measured the input 
pressure in the air supply line, and a mercury manometer differential across 
an orifice.  These two measurements can be inputted into an equation and 
result in an air-flow.  The variables kept constant were a 55% submergence 
ratio and a 1 in. water pipe diameter.  Figure 6 shows the results. 
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Prototype Air Flow Testing
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Figure 6: Air Flow Testing on the Experimental Apparatus 
 

Figure 6 indicates that as the amount of air input into the system increases, 
the amount of water output increases.  It is a linear relationship up to a 
certain point, where it levels off and becomes a constant water output no 
matter how much the air flow is increased.  This phenomenon is thought to 
occur due to excessive air bubbles entering the water pipe, and instead of 
forming a large bubble, it forms a continuous stream of air that can only 
bring up a limited amount of water with it.  With this data, an efficiency 
graph can be created showing the rising and falling nature of the efficiency 
of the system.  This graph is shown in Figure 7. 
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Figure 7: Efficiency of Air Flow Testing on the Experimental Apparatus 
 

The third variable tested was the submergence ratio.  The submergence 
ratio is the amount of water in the well versus the entire depth of the well.  
In this experiment, the pipe diameter was ¾ in. and the pressure of air was 
kept constant at 40 psi.  The test was conducted before the air flowmeter 
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was attained; therefore there is no correlating air flow rate along with the 
pressure.  As Figure 8 shows, there is a linear relationship between the 
submergence ratio and the amount of water that can be pumped up.  
Therefore, the drop pipe should be lowered into the well as deep as possible. 
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Figure 8: Submergence Ratio Testing on the Experimental Apparatus 

 
The final variable tested was the water pipe diameter.  3 different size 

diameters were used in the experimental apparatus to determine which size 
pipe can bring up the most water.  It was discovered that pipe diameter is a 
tradeoff with the necessary air supply.  This is because for the bigger pipe, 
more air is needed to form the air bubbles necessary to bring water up.  
Smaller pipes require much less pressure and air flow to form the air 
bubbles, but bring up less water.  It was determined that in deeper wells, a 
smaller diameter pipe should be used.  

 
ii.   Full Scale Testing 

On Saturday, April 8, the team made a field trip to Daniel Clark’s house.  
He had a 140 ft. well that could be used for testing purposes.  The well had 
40 ft. of water in it, providing a submergence ratio of 28.5%.  The team 
unpacked the gear and set up the apparatus for proper testing.  A ½ in. 
diameter water pipe was used due to the depth of the well.  Air hoses were 
provided by the metal shop and air was supplied at a constant rate by a local 
compressor.  The results can be seen in Figure 9 below. 
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Full Scale Air Flow Testing
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Figure 9: Air Flow Testing on a Full Scale Model 
 

An air diffuser was suggested to the team as a means of allowing a higher 
capacity of water to be pumped to the surface.  However as the graph 
illustrates, there was no significant benefit or hindrance to adding an air 
diffuser to the bottom of the air pipe. 

The testing started with air supplied at a low pressure of 10 psi and was 
incrementally increased until water flow was attained.  Water flow did not 
occur until 20 psi was administered to the bottom of the well.  However, as 
the graph illustrates, as air pressure was increased in the well, there was no 
significant increase in water output.  The system had already reached its 
maximum water capacity at 20 psi, adding more air would only make the 
system less efficient.  The efficiency of the system is shown in Figure 10 
below.  Since the water out-flow was about the same for every air input, the 
more efficient scenarios are with the lesser air inputs.  
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Figure 10: Efficiency of Air Flow Testing on a Full Scale Model 
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The final test consisted of each member of the team pedaling on the 
apparatus until 1 gallon had been pumped.  This time was recorded and a 
correlation between pedaling time and water flow could be established.  On 
average, 1 gallon of water could be pumped for every 1.25 minutes of 
pedaling.  

 
V. Conclusion 

Lifewater International requested that Team 1 look into the air-lift pumping method 
as an alternative way to pumping water out of wells.  Specifications and dimensions of 
their current cylinder pumps were used to determine the work necessary to pump the 
water up.  This was compared with both the theoretical calculations for pumping water 
up the well, and our results from the full scale well with the apparatus.  The results can 
be seen below in Figure 11. 

 
Theoretical Cylinder  Air Lift  

8 GPM 
(Gallons Per Minute) 

5.7 GPM 0.8 GPM 

100% 
Efficiency 

70% 
Efficiency 

10% 
Efficiency 

3,176 
Gallons Per kW-hr 

2,300 
Gallons Per kW-hr 

320 
Gallons Per kW-hr 

Assuming no friction, 
and perfect flow 

Typical down-hole 
pump cylinder 

Our airlift system 

Figure 11: Comparison of Pumping Methods 
 

Although the team proved that the air-lift system is possible and functional, it does 
not prove to be very efficient compared to the pumping systems that are currently in 
use.  This means that this system will most likely not be used in a practical situation.  
However, it may be beneficial in situations where the well is extremely sandy, causing 
the seals of cylinder pumps to wear at an accelerated rate.  In these wells, the air-lift 
system would be a viable option. 
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Appendix B.2: Production Budget 
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Appendix C: Assembly Instructions 
Appendix C.1: Medium Scale Air-Lift Pump 

Construction Materials 
 20 ft. 4” ID PVC pipe 
 30 ft. 1” ID PVC pipe 
 20 ft. ½” ID PVC pipe 

Miscellaneous angles and fittings 
1 threaded metal tap 
1 metal valve 
15 ft. angle iron support 
Plastic ties and hose clamps 
16 ft. clear vinyl tube and plastic barbs 
15 ft. 1 1/4” plastic hose 
Plastic funnel 
55 gallon plastic barrel 
53 ft. structural steel 
Steel hanger wire 
Shop force compressor 
Silicone rubber sealant 
Check valve 

Construction Procedure for Airlift and Retrieval Systems 
1.  Connect and cut the 4” PVC to 16 ft 
2.  Cap and seal bottom with silicone 
3.  Drill and tap hole near base of 4” PVC 
4.  Screw in threaded metal tap and seal with silicone 
5.  Drill and tap holes near base and near top of 4” PVC 
6.  Screw and seal plastic barbs into holes, with openings on barbs facing each other 
7.  Fit Clear vinyl tube over barbs, seal with silicone, and attach to 4” PVC with zip ties 
8.  Mark and label every foot over height of 4” PVC 
9.  Connect and cut ½” PVC to 16 ft 
10.  Connect and cut 1” PVC to 25 ft 
11.  Connect u-turn on bottom of ½” PVC and put diffuser on end 
12.  Drill ¼” holes in ½” triangular intervals on a 3” length of 1” PVC 
13.  Put drilled PVC tube over diffuser, place end of 1” PVC over diffuser, and place           
whole assembly in 4” PVC 
14.  Attach 90° turn on top of ½” PVC and screw on check valve and hose barb 
15.  Attach 15 ft. angle iron support to top of 4” PVC with hose clamps 
16.  Connect 1” PVC to angle iron support with plastic ties 
17.  Attach funnel/hose/hanger assembly to tope of 1” PVC 
18.  Construct barrel stand according to pictures 
19.  Attach angle pipe to screw on bottom of 55 gallon barrel 
20.  Attach metal valve to pipe and run 1 ¼” plastic hose from its end to opening of 4” 
PVC 
21.  Drill hole near top of barrel 
22.  Run plastic tubing from funnel into hole near top of barrel 
23.  Attach air supple hose to hose barb on top of ½” PVC 
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Appendix C.2: Seated Peddler and Compressor 
 
Construction Materials 

S4 x 7.7 I-beam 
Miscellaneous amounts of 2 x 2 square tube 
12 gage sheet metal 
1/4 inch sheet metal 
Chair 
Miscellaneous bolts and screws 
2 bicycles 
Compressor 
Screw support thingy 

 
Construction Procedure for Seated Peddler and Compressor 

1. Cut I-beam to approximately 7 ft. length 
2. Weld 4 foot lengths of tube perpendicular to I-beam on underside of said beam at 

both ends 
3. Cut ¼ inch sheet metal to fit compressor on top 
4. Drill holes through ¼ inch sheet to mount compressor 
5. Weld on end of I-beam with a hinge 
6. Weld screw support thingy onto bottom of compressor plate and the end of the I-

beam 
7. Mount compressor and bicycle cassette on end of compressor 
8. Cut tail ends of bicycle from rest of bicycle right where the two side break apart 
9. Weld tails on I-beam according to drawing 
10. Remove cassette from front bicycle and mount crank and front gear set from either 

bicycle 
11. Place chains on sprockets between the two bicycle tails and between the back bicycle 

and the compressor with the compressor chain on the outside 
12. Construct stand that chair can be mounted on such that it can slide along the I-beam 
13. Mount chair on stand 
14. Weld bicycle handles on stand next to chair such that they can be grasped for stability 

of peddler 
15. Drill a hole through the chair mount and insert an appropriate set screw 
16. Construct chain guards according to drawings 
17. Mount chain guards on peddler 
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Appendix D: System Drawings 
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Appendix E.1:  Prototype Pictures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E.1.1:  Seated Peddler        E.1.2:  Seat Support 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E.1.3:  Seated Peddler with Chain Guard Up     E.1.4:  Seated Peddler – Top View 
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E.1.5:  Well Base           E.1.6:  Compressed Air Release 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E.1.7:  Top of Well Casing            E.1.8:  Pressure Release Apparatus 
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E.1.9:  Flowmeter 
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Appendix E.2: Testing Pictures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        E.2.1:  Pumping water from well 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         E.2.2:  Flowmeter measuring 
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Appendix F: Design Alternatives 
 
F.1 Power System Alternatives 

 
F.1.1 Stationary Bicycle 
The pump must be human powered.  This narrows down our powering options 
significantly to something purely mechanical (probably no electric power of any kind).  
Our first idea for powering the pump would be a stationary bicycle.  The front would be 
fixed to the ground, and the back wheel would be attached to the pump by a belt system.  
The belt system would be better than a friction system because you do not need an 
inflated tire for the belt system.   
 
The circular motion of the back wheel is continuous and the inertia of the spinning wheel 
will make it easier to continue pedaling.  Also, bicycles are very common and easy to fix.  
The moving parts are the gears and chains, which are very durable and easily maintained 
(oiled every now and then).  Below is a picture of an example stationary bicycle that is 
hooked up to an alternator: 
 

 

F.1.2 Lever 
The use of a lever provides a robust simple method of supplying power to the pump.  
Levers are currently in use for water well pump application and have proven themselves 
to be durable.  The below sketch shows a typical lever and pump arrangement. 
 
The lever does, however, pose several problems.  Depending on the type of pump driven 
the motion required could be rotary or linear.  The majority of current applications that 
use a lever are with a linear stroke pump.  Our project however will likely use a pump 
driven with rotary motion.  This then presents the need for a mechanism to convert the 
linear up and down motion of the lever to the rotary motion to run the pump.  This 
mechanism would add a level of complexity to the lever system and could result in higher 
maintenance and less durability.  With the conversion of motion from linear to rotary, 
care must be taken to account for the “dead center” positions. 
 
Overall the lever would provide a dependable method if used in conjunction with a linear 
stroke pump.  This combination would result in low maintenance and a high lever of 
robustness. 
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F.1.3 Hand Crank 
Our third powering option is a hand crank system.  It would probably be pedal-like such 
as a bicycle, but hand powered instead of foot powered.  It would also have the belt 
system rather than the friction system for reasons mentioned in Alternatives #1.   
 
There are several drawbacks to this system.  The first is hand/arm fatigue.  Arms are not 
as strong as legs, and get tired much quicker.  Also, this crank would have to be on some 
kind of stand so that it could be at arm level, either sitting or standing, for comfort of the 
user. 
 
Below is a schematic of a hand crank: 
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F.1.4 Treadle 
A treadle design has several advantages, namely that a more even distribution of the 
power is obtained over the lever in alternative #2. With a treadle two linear motions that 
are 180º out of phase are produced. This system would provide a better supply of water 
from an air lift pump because fluctuations in the air supply rate would less.  

 
A drawback to the treadle is that if a rotary pump is used then the linear motion will have 
to be converted to rotary motion in order to drive the pump. The treadle system would 
give a relatively simple way to provide a constant steady source of air. A typical foot 
treadle arrangement is shown in Figure 1. 

 

 

Figure 1 – Typical Foot Treadle 
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F.2 Pump Alternatives 
 
F.2.1 Piston Pump 
The pump must be human powered.  This means that our pump must be of the type that is 
efficient enough that the person using it will not get worn out bringing the water to the 
surface.  One of the pump types that could be used is a piston pump.  This is what is 
usually used in manual pumps in the United States.  It utilizes the back and forth 
movement of a piston to displace the water in a cylinder.  As the piston is driven in one 
direction the cylinder fills with water and is forced out of the system when the piston 
changes direction. 
 
This type of pump is very easy to operate and the exterior parts are very durable.  It can 
also pump small amounts of sand whereas other pumps tend to clog with sand.  It also 
works well over small diameter wells.  The primary problem with a piston pump is that it 
is not well suited to the deep wells we are focusing on.  It also uses rubber a seal because 
without this the pressure it needs is hard to generate.  These would require regular, 
invasive maintenance which we are trying to avoid.  Some of the parts would also be 
difficult to replace if broken. 
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F.2.2 Rotary Scroll Pump 
Rotary scroll pumps are widely used in industry currently due to their high levels of 
efficiency.  The system consists of two involute spirals, phased at 180 degrees, one of 
which is fixed to a flat base and the other which oscillates in a circular motion against the 
fixed one.  As the fluid comes in through the open end it is forced into smaller and 
smaller crescent shaped pockets, thus becoming compressed.  This pump would be 
mounted on the ground next to the well and a power system would drive the oscillating 
spiral, compressing the air and forcing it down the tube to the water. 
 
This type of pump is very useful because of its ability to compress air to a very high 
pressure.  It also tends to do this very quickly since these pumps tend to run at high 
speeds.  It also is fairly easy to spin.  The resistance if fairly low and thus a high torque 
driving source is not necessary.  As there is very low bearing, few valves and few 
impellers, maintenance is a minimum.  Unfortunately this system is very hard to repair if 
it becomes damaged.  It also required fairly finely machined parts for the spirals.  Finally, 
it doesn’t deal well with contaminants.  Something as small as a grain of sand could ruin 
the seal that the two spiral create and significantly reduce performance. 
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F.2.3 Diaphragm Pump 
Diaphragm pumps use a positive displacement design rather than for example, centrifugal 
force to move water.  This means that the pump will deliver a specific amount of flow per 
stroke or revolution.  Usually a rod or driveshaft is connected to a flexible sealed 
membrane that alternatively rises (expands) and lowers (contracts) with the connecting 
rod.  A vacuum is created inside the pump each time the diaphragm is raised (see figure 
below). This opens the inlet valve and seals the discharge valve allowing the air to enter 
the pump. When the diaphragm is lowered the resulting pressure seals the inlet and opens 
the outlet valve, discharging the air.  This process is illustrated below. 
 
Diaphragm pumps are often used at shallow depths and with slurry water where 
centrifugal pumps are rendered ineffective.  By comparison, they provide the lowest 
amount of discharge and pressure of any other pump.  However, they do not run the risk 
of being damaged if run for a long time because no impeller is required.  The only wear 
occurs on the diaphragm itself and the inlet/outlet valves. 
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Appendix G: Research 
 
G.1 Air Compressor Options: 
 

G.1.1 Scroll Compressor 
(http://www.trane.com/Commercial/Equipment/ProductDetails.aspx?prod=247) 
 

Simple Design with 70% Fewer Parts  
Fewer moving parts, less rotating mass and less internal friction means greater efficiency 
that reciprocating compressors.  
 
Patented 3-D Scroll Compliance  
The Trane 3-D Scroll provides important reliability and efficiency benefits. 3-D Scroll 
allows the orbiting scroll to touch in all three dimensions, forming a complete enclosed 
compressor chamber which leads to increased efficiency. 
 
Low Torque Variation  
The 3-D Scroll compressor has a very smooth compression cycle with torque variations 
that are only 30 percent of that produced by a reciprocating compressor. Scroll 
compressor imposes very little stress on the motor for greater reliability, low torque 
variation means reduced noise and vibration.  
 
Suction Gas Cooled Motor  
Compressor motor efficiency and reliability is further optimized with this design. Cool 
suction gas keeps the motor cooler for longer life and better efficiency.  
 
G.1.2 Diaphragm Compressor  
(http://www.pondshop.com/catalog/air.htm) 
 
The SuperPond linear air pumps are the best choice for a continuous and long operating 
industrial duty indoor/outdoor air compressor. These compressors are designed for 
efficiency and can use as little as 1/10 of the electricity as other air compressors and are 
super quiet. The smallest two models, the 01-DBL08A and the 01-DBL15A are capable 
of a minimum of 35,000 hours of service free life, while the next larger models,01-
DBL030A, 01-DBL040A,  01-DBL60L and the 01-DBL80L, offer capabilities of 25,000 
hours of service free life. Use either of these compressors for high flows to greater depths 
in deep ponds. Our Largest air pumps, the 01-DBL120 and the 01-DBL150 are for very 
large ponds or very deep ponds where many air stones are required. With flows of 6 to 7 
CFM, and usable depths of 10 to 12 feet, these are among the largest Linear air pumps 
available. All of these linear air compressors are industrial grade products with high flow 
and operate very quietly. The 01-DBL15A has an output of .60 cfm @ 1 psi or 
approximately 2 1/2 ft depth. The 01-DBL40A model has a flow of 2.4 cfm @ 1 psi or 
approximately 2 1/2 ft depth.. The 01-DBL80L model has a flow of 3.3 cfm @ 1 psi or 
approximately 2 1/2 ft depth and can easily supply air to several air stones at 10 ft of 
depth (see below). One year warranty for steady air flow with continuous duty. Service 
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replaceable rubber diaphragms. All of the below air compressors can be run on 
115V/230V or 50/60 HZ.  
 
Note: 1cfm (cubic foot per minute) of air flow could operate one of our 12" air stones, or 
two 6" air stones, or up to four 3" air stones. 2 cfm would allow use of double that 
number of air stones. To properly use the chart below, first determine depth of your pond 
and the air stones, then look across the chart to determine the air pump which provides 
the required air flow in cfm. We recommend that you purchase a manifold for ease of 
stringing the tubing and number of air stones that you need for your pond. Use the air 
pumps cfm output at your depth, to order the required number of air stones (1 cfm = 12 
inches of air stones). 
 
 

G.2 Air-Lift System: 
 

 G.2.1 Diffuser 
(http://www.lumison.co.uk/~dryden/air_oxygen_diffusers/aeration/airdiffusers/faq/faqq.htm) 
 

Operation of the air diffusers & air flowrate: 
The Dryden Aqua air diffusers can be made in lengths from 33cm to 500cm. The normal 
size of diffuser used for water and wastewater treatment is the 300cm long diffuser. This 
diffuser has a designed air flowrate of 9 to 12 cubm/hr of air. It is important to operate 
the diffuser at the designed flowrate. At a flowrate in excess of 9 cubm/hr the air escapes 
all around the diffuser, this minimizes the degree of fouling that the diffuser may 
experience.  
 
The diffuser can be turned off and left in the wastewater, or it can be operated at the 
recommended air flowrate, however it should not be operated at a reduced air flowrate. If 
the diffuser was operated at less than 9 cubm/hr then the air would not escape all around 
the diffuser, and it would then be more prone to fouling by bacteria. 
 
If the diffuser is not operated at the recommended air flowrate, of it if is used in 
particularly dirty water, then it may be subjected to fouling. In such cases it may be 
necessary to remove the diffusers from the water and clean with a high pressure hose. In 
other cases it may be necessary to soak the diffuser in a 20% solution of phosphoric acid 
for a period of 10 minutes once every year. The Dryden aqua air diffuser will not require 
any additional cleaning or maintenance.  
 
The diffusers containing the glass beads have now been in use for over 5 years in 
wastewater such as landfill leachate, with no deterioration in performance. 
  
Recommendation air pressure:  
The Dryden aqua air diffuser has been designed to operate with a high flow of air and 
low pressure drop. At the recommended air flowrate the pressure drop through the 
diffuser will be approximately 2 to 3psi. In situations where the diffuser may be subject 
to fouling, the pressure drop may increase from 3 to 5psi. We normally use the air 
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diffuser in tanks with a water depth of 2 to 5 metres. The hydrostatic pressure head at 5 
metres water depth is 7.5psi. The pressure drop in the diffuser is 3psi, and the pressure 
drop on the pipework and hose will be around 3psi. Total pressure drop in the system is 
usually around 13psi in tanks with 5m water depth. We always use roots type rotary lobe 
air compressor to deliver a positive displacement supply of air. The air compressors 
should be set at 15.5psi. 
 
At air flowrate of 500 cubm/hr to 1000 cubm/hr of air we use 125mm diameter pipework 
for the air ring main, to minimize pressure drop. You should always use as large a 
diameter of pipe as possible in order to minimize pressure drop in the delivery pipe.  
 
Size of air bubble: 
The oxygen transfer efficiency from air diffusers is a function of the bubble size from the 
diffusers. The smaller the bubble the better the transfer, reducing bubble size from 6mm 
to 3mm can increase the mixing of the water and oxygen transfer efficient by almost 5 
times, bubble size is therefore very important. The Dryden Aqua air diffuser is one of the 
most efficient air diffusers available, with a bubble size around 1 to 3mm in most types of 
water. However the size of the bubble is a function of the quality and chemistry of the 
water. 
 
In seawater, or water with a high ionic content, the bubble size can be smaller than 1 mm, 
as the water becomes more fresh, the size of the bubble will increase to around 3mm in 
clean freshwater. If the level of fats and lipids is very high, the lipids will tend to reduce 
water surface tension and increase the size of the bubble. As a guide in sewage treatment 
systems, bubble size normally ranges from around 2 to 5mm. 
   
How much the air can be dissolved. Let us know typical example.  
The table below provides a guideline for calculating the oxygen transfer of the Dryden 
Aqua air diffuser in water at different depth against the oxygen concentration already 
present in the water. The water type in question equates with sewage effluent to landfill 
leachate. 
 
  Oxygen transfer efficiency at different water depth 

% 
oxygen in 
the water 

1m 
depth 

2m 
depth 

3m 
depth 

4m 
depth 

6m 
depth 

30m 
depth 

5% 30% 35% 40% 45% 50% 95% 

10% 25% 27% 30% 35% 40% 90% 

20% 20% 22% 23% 25% 30% 85% 

30% 15% 17% 18% 20% 22% 80% 

40% 10% 12% 14% 17% 18% 75% 

60% 6% 7% 8% 12% 15% 60% 

80% 2% 3% 6% 7% 9% 45% 
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When we are conducting design calculations, we usually base the transfer efficiency at 
10%. This figure is an under estimate of the actual transfer efficiency, however it insures 
that the system will receive sufficient oxygen, and the tank will be well mixed. 
 
G.2.2 Air Lift Method 
(http://www.quantumlynx.com/water/back/vol2no2/v22_st5.html) 

“Pumping Water by the Air Lift Method” 

by Orin Kenzie, Alberta Agriculture, Lethbridge, Alberta 

Lately, I have had several inquiries about the air lift 
method of water pumping. The following 
information may be of help to those planning such 
an installation. The air lift system has been used for 
many years, and many well drilling outfits are used 
to pump and develop water wells. They are easy to 
install and are not damaged when sand is pumped 
with the water. 

Air lift operates by the injection of compressed air 
into the water inside of a discharge pipe, at a point 
below the water level in the well. The injection of 
the air results in a mixture of air bubbles and water, 
which being lighter in weight than water outside the 
discharge pipe, forces the air/water mixture up. 

Two critical factors in air lift pumping are: 

1. the submergence of the air line; and  
2. the size of discharge line. </OL.< P>  

Submergence always means the depth of air line below the pumping level, rather than the 
static water level in the well. Best performance occurs when approximately 60% of the 
airline is submerged. If the percent of submergence is too low, the system will not work. 

The piping assembly used for air lift pumping consists of a vertical discharge pipe and a 
smaller air pipe. See Figure 1. 

A foot piece that breaks the air into many small bubbles improves the efficiency of the 
airlift. Afoot piece can be made by drilling a number of small holes (1/16") in a short 
piece of copper tubing (1/2") and attaching it to the lower end of the air line. The part of 
the tube with the holes should extend at least two feet into the discharge pipe. The energy 
that is available to operate the air lift is that contained in the compressed air. Compressed 
air is then forced down the air pipe and released inside the discharge pipe. 
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Table 1 provides the sizes of air lines, and size of discharge pipe used under most farm 
conditions. 

Table 2 provides for the depth of submergence, below pumping level and the volume of 
air required. 

TABLE 1 

Pumping Rate (Gal. 
per Minute) 

Size of Plastic Discharge 
Pipe 

Size of Plastic Air 
Line 

1-3 1/2 inch 1/2 inch 

3-6 3/4 inch 1/2 inch 

6-9 1 inch 1/2 inch 

 

TABLE 2  
AIR LIFT PERFORMANCE FOR MINIMUM AND BEST SUBMERGENCE 

Depth to Pumping Water 
Level 

Depth of Air Line Below 
Pumping Water Level 

Volume of Air Required Per 
Gallon of Water Pumped 

25 feet 29 feet (minimum)  
53 feet (best) 

0.33 cubic ft./min.  
0.18 cubic ft./min. 

50 feet 52 feet  
93 feet 

0.60 cubic ft./min.  
0.36 cubic ft./min. 

100 feet 89 feet  
150 feet 

0.33 cubic ft./min.  
0.18 cubic ft./min. 

150 feet 113 feet  
183 feet 

1.42 cubic ft./min.  
0.74 cubic ft./min. 

200 feet 139 feet  
216 feet 

1.75 cubic ft./min.  
1.00 cubic ft./min. 

250 feet 160 feet  
240 feet 

2.12 cubic ft./min.  
1.24 cubic ft./min. 
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G.2.3 Emergency Water Pumps  
(http://www.absalom.com/mormon/health/water-pumps.htm) 
 

“Emergency Water Pumps” 
 

These pumps are based on common water pumping techniques, and have actually been 
built and tested in one of the monasteries wells. These pumps are extremely simple and 
inexpensive to build and operate.  
 
For those who have visited before, we have added a piston pump, and modified the plans 
for the bubble pump to reflect an improved design.  
 
The Check-Valve Pump 
The check-valve pump is the simplest of these pumps to make, and will pump water 
through a hose to where it is needed, but for the effort expended it moves less water than 
the other pumps. This pump can be put together in a few minutes without tools. 
 
The Bubble Pump 
The bubble pump is easy to make and operate, but may not be suitable for all wells since 
it requires a lot of pipe under the water. It has no moving parts inside the well. This pump 
can be assembled in a few minutes. 
 
Because the bubble pump runs by air pressure, the source of the air can be located some 
distance away from the well. (A windmill on top of the barn could pump the air, or you 
could pump from inside the house to be out of the elements.) You will need 0.43 psi of 
air pressure for each foot of water above the outlet of your air tube. 
 
The operation of this pump is gentle, and I often sit for long periods of time, meditating 
while engaging in the gentle aerobic rhythm of the pump. (We use it to fill a pond.) 
 
Theory 
This pump works because the air carries water with it as it rises through the lift tube. This 
pump works best when 60% of the length of the pump is submerged, so it requires a well 
that is deep enough to accommodate the pump.  
 
The piston or suction pump 
This is the water pumping technique used by the pioneers, and moves a lot of water in a 
hurry. It is the hardest of the pumps to make, and requires some tools and mechanical 
aptitude, but once the shopping is done, you can build it in an hour. 

 
Questions and Answers: 
How deep will these pumps work to? 
 
In theory, as deep as you like. In reality, there are some practical limits, for example if it 
is 60 feet down to the water level, then the bubble pump needs 90 feet of pipe under the 
water. Many folks wouldn't drill an extra 90 feet after they hit a reliable source of water...  
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With the check-valve pump, you have to lift the entire column of water with each stroke, 
so it eventually gets too heavy to move. You could rig up a lever to support the weight. 
 
Perhaps the main limitation on these pumps is that they are operated by people power. 
 
How deep is your well? 
We are pumping water from about 9 feet below ground level. 
 
Which is easier to use? 
The bubble pump is easiest to use. The piston pump moves the most water for the amount 
of effort expended.  
 
Other Sites 
A visitor pointed out to us that Noah's Ark has plans for a check-valve pump. Please visit 
http://www.millennium-ark.net/News_Files/INFO_Files/Hand_Pump.html since the 
plans are very nice, and there is more detail about performance than we have here. The 
site says that check-valve pumps remain workable down to about 75 feet, at which point 
they become too heavy for one person. 
 
G.2.4 Renewable Energy Water Pumps 

(http://www.realgoods.com/renew/shop/product.cfm?dp=1903&ts=3041712&kw=air%20lift) 
 

“Airlift Wind-Powered Water Pumps” 
 
Airlift pumps use compressed air to lift water into a 
storage tank. Compressed air is delivered by a one, two, 
or four cylinder air compressor driven by a wind turbine 
with tempered aluminum blades of 7.3-feet, 10-feet, or 
11-feet diameter, depending on the compressor chosen. 
The variable pitch blades startup with winds of 4-6 mph, 
with optimum performance at 10-15 mph. In high wind 
conditions the turbine will automatically turn out of the 
wind, then return as wind speed decreases. Yearly 
maintenance is a simple oil change and intake filter 
cleaning. The turbine mounts on a 2.5” steel pipe tower. 
The wind turbine can be hundreds of feet from the well. 
Air bubbles lift the water. Lifts up to 300-feet and 1 to 
20 gpm are possible. An appropriately-sized air 
injection chamber and 200-ft. of air line are included 

with each pump. There are no moving or wearing parts in the well. Pumped water can be 
moved up to 500-ft. horizontally, but the delivery line must slope upwards at least 
slightly. Airlift Junior will lift up to 100-feet maximum, and can deliver up to 4-5 gpm 
maximum. Airlift 1 will lift up to 300-feet maximum, and can deliver up to 8-10 gpm 
maximum. Quad model is also limited to 300-feet of lift, but doubles the gpm output of 
the Airlift 1. Submergence-how far the injection chamber is below water level-is critical 
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for these simple pumps. Too little submergence and the air bubbles will separate from the 
water, too much submergence and the pump won’t lift water. Lift is the vertical distance 
from the static water level, to the storage tank. For lifts up to 150-feet, 70 submergence is 
recommended. So a 100-ft. lift needs 70-ft. of submergence. For lifts from 150 to 300 
feet, 50 submergence is recommended. For those lacking sufficient submergence depth, 
or needing to move long horizontal distances, a positive pump option is offered that will 
run with only 5-ft. of submergence. The positive pump option will deliver approximately 
20 less water than air injection. These air-powered pumps require a 10 to 20 gallon air 
pressure tank teed into the air line so the pump can always complete its cycle and stop in 
the ‘start-up’ position. Positive pumps can lift up to 300 feet. A 22-foot folding pipe 
tower kit is available, and highly recommended for ease of routine maintenance, or you 
can build your own. Tower is not included with pump. 


