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This is a short, layman's guide to potable water system design and construction, 
meant for PLAN managers who on occasion need to appear knowledgeable when 
dealing with engineers, contractors, employees, etc.  It focuses on gravity-flow 
systems; that is, systems without pumps, and does not deal with wells, neither hand-
dug nor drilled. 
 
Along the lines of a famous book, the guide is organized around several little-known 
facts about that most necessary of fluids . . . H2O! 
 
  
 
1. The Anatomy of Water Systems 
 

Gravity-flow water systems generally have the following parts, which we will 
discuss in more detail below: 

 
a. Water enters the water system at a "catchment."  This is the highest 

point (or elevation) in any water system which doesn't have a pump. 
 

Various kinds of catchments exist.  All you need to know is that water is 
captured from springs or streams or rivers for water systems.   

 
b. The "conduction line" takes the water gathered at the catchment from 

the spring, river, or stream to the "treatment plant."  These days, the 
conduction line is made of PVC tubing.  "PVC" stands for polyvinyl 
chloride, and water systems employ PVC almost exclusively now.  
Twenty or thirty years ago, steel or iron piping was used, but this is 
now too expensive.  Ten or twenty years past asbestos-cement piping 
was common, but health and cost concerns exist.  Some studies have 
shown that health problems might be associated with PVC, too, but the 
material is still used almost universally. 
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c. PVC tubing comes in various strengths.  This means that the tubes, 
which come in six-meter lengths, can have relatively thick or thin tube 
walls.  The wall thickness is often called the tube "gauge."  The PLAN 
manager should be careful about which strength (which tube-wall 
thickness) is employed: too strong tubing is unnecessarily expensive, 
and too weak tubing will break.  A reliable engineer can calculate the 
appropriate gauge. 

 
PVC tubing for water systems is usually blue or light grey in color, and 
will have the strength marked on it (in a pressure rating in meters or 
pounds per square inch - psi).  Avoid purchasing white PVC tubing for 
potable water systems; it is usually used for light duties like carrying 
run-off water from sinks, toilets, etc.  

 
d. The  "treatment plant" takes raw, untreated water from the conduction 

line and makes it potable, or drinkable by humans.  This is a funny 
concept, since humans are mostly water, but the logic is compelling.   

 
First, although spring water is usually clean enough to drink, streams 
and rivers often are contaminated with fecal matter or are turbid, which 
is engineer-speak for "dirty."  Second, even if the water carried to the 
treatment plant from the catchment is clean, we must be cautious and 
presume that contamination will enter the water supply later on, 
somewhere, somehow - dirty buckets, etc.  More on this below. 

 
e. The "distribution network" carries the treated water, now potable, from 

the treatment plant to the houses below.  See "Distributing The Water," 
below. 

 
f. "Break-pressure" tanks, "air valves," and "purge valves" are necessary 

evils which are often omitted in systems constructed by communities, 
or by incompetent engineers.  Yes, some engineers are not fully 
competent, they tell me, although I've never come across one.  

 
i. "Break-pressure tanks," as their name implies, release pressure. 

 I could use one myself, right now. 
 

As water flows downward through the conduction line or into the 
distribution network, pressure builds up.  This is for the same 
reason that your ears hurt when you go under water to greater 
and greater depth.  In the same way that you can release the 
pressure in your ears by swallowing, which opens your ears to 
the outside air and equalizes pressure, the break-pressure tank 
works by opening the flow of water to the air, releasing pressure. 

 
These tanks generally have an entrance, where the water flows 
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in quite violently, an exit from which the water continues along 
it's way, and purge and overflow valves.  The most important 
thing to remember here is that any water system should have 
break-pressure tanks every 40 to 70 meters of elevation drop.  
Watch for this: their omission is consistently the most common 
error I have seen in PLAN-built or community-built water 
systems. 

 
ii. "Air valves" should be installed at the places where the 

conduction line reaches a local hill.  Like this: 
 

 
 

If we don't put an air valve in places like this, air will slowly 
accumulate here and gradually obstruct the passage of water. 

 
  iii. "Purge valves" are used at local low points to clean out the 

system.  Like this: 
 

 

Water is flowing from here . . .

. . . to here . . .

. . . flowing upward here.

We need an “air” valve here.  It will release the
air which will build up and obstruct flow.
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The purge valve will allow us to release any accumulated dirt 
and muck that will gather at such low points and obstruct the 
passage of water.   

 
2. The Treatment Plant 
 

The water-treatment plant can be complicated and expensive.  You need to 
know about three aspects of it: the storage tank, filters, and chlorine. 

 
a. The Storage Tank. 

 
Here is a slightly-complicated, but important, point.  You probably use a 
lot of water at 3am, but studies show that most people don't.  In fact, 
water use is very predictable: around breakfast, and from early 
afternoon through dinner-time, water use is high.  Less water is used 
during other daylight hours, and very little is used during the late night 
or early morning.  This has important consequences: 

 
i. Clearly, the distribution network which carries water to each 

household must be designed to handle the high, peak flow 
required during mornings and evenings.  This means that the 
diameter of the tubing in the distribution network needs to be 
relatively large and therefore the tubing will be relatively 
expensive.  Your local engineer can calculate what those 
diameters should be. 

 
ii. But the conduction line can be designed to handle the lower, 

average water flow.  This is because water will flow from the 

Water is flowing from here . . .

. . . to here . . .

. . . flowing upward here.

We need a “purge” valve here.  It will release the
sand and dirt which will build up and obstruct flow.
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water caption to the treatment plant all day long at the same 
rate, which is lower than the peak flows during the day.  Thus 
the diameter of the conduction line can be relatively small, and 
less-expensive tubing can be purchased.   

 
iii. So if lower flow reaches the treatment plant, and higher peak 

flows leave the plant, how do we match the flows?  Are you still 
with me? 

 
We need to have a water-storage tank!  While they are usually 
made of reinforced- or cyclopean-concrete, the only kind to have 
these days is ferrocement, the greatest advance in water-related 
technology in 1,500 years1.  Ferrocement allows you to build 
storage tanks, often the most-costly component of the system, 
for a third of the normal cost, with much greater community 
participation. 

 
Storage tanks are usually sized to contain about half the water 
use of the community in a day.  For large systems, this 
proportion can be reduced, but a rule of thumb might be that for 
every 100 households the storage tank should contain about 30 
cubic meters (30,000 liters - about 7,000 gallons) of water.  For 
200 houses, about 60 cubic meters would be enough, etc. 

 
b. Filters 

 
Water filters are needed if the water coming from the captation is dirty 
or contaminated.  The most-common filters used in PLAN water 
systems is called a slow-sand filter. 

 
Slow-sand filters are complicated beasts, which require large concrete 
tanks without tops which also should be made of ferrocement.  They 
contain graded sand which does some physical filtering, but whose 
most-important duty is to support the "schmutzdeck."  I am absolutely 
serious on this. 

 
The schmutzdeck is a biologically-active layer of muck that forms on 
top of the sand.  This muck is formed of algae which feed on any 
contaminants (fecal matter, etc.) which is carried in the water.  It builds 
up to a thickness of a few centimeters, and has to be removed when it 
grows too thick for the flow of water to pass through.  

                                                
1  See construction guide written by Mark McPeak, available upon request. 

 
Unfortunately, it takes some time for the schmutzdeck to grow after it is 
cleaned.  Two things tend to go wrong in PLAN systems with slow-
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sand filters: either the caretaker misunderstands the need for and use 
of the schmutzdeck, and cleans it continuously, or he or she leaves the 
filter in operation immediately after cleaning, before the schmutzdeck 
has built up again.  The consequence of this is that any properly-
designed water system must have two slow-sand filters, one of which is 
resting and growing its schmutzdeck after being cleaned, and the other 
which is in operation. 

 
c. Chlorine is a poison.  Too much of it will kill you.  In fact, if you can 

perceive chlorine (smell it) in your water there is too much of it. 
 

Chlorine is added to disinfect any residual contamination not removed 
by the slow-sand filter.  To reduce the need for this expensive 
chemical, chlorine is added after the sand filter, before the storage 
tanks. 

 
Chlorine spends itself fighting off contamination.  But some residual 
chlorine is left in the water, on purpose.  This is because contamination 
can leak back into the water system through the occasional leak or 
break in the distribution network, or when water users fill soiled 
containers with clean water.  The left-over, imperceptible amount of 
chlorine then springs into action. 

 
3. Water Flows Downhill 
 

Yes, it's true.  This most basic of facts is the key to all water-related wisdom.  
A thorough mastery of its consequences will rescue the PLAN manager from 
unspeakable embarrassment and allow her to impress local authorities with 
the breadth of her knowledge. 
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F This means that the source of the water system (where it flows out of 
the ground or from a stream or river) has to be higher in elevation than 
its destination (where it is fated to fill dirty buckets.) 

 

F Although water flows downhill, when it is in pipes it can run uphill for a 
while.  

 
 

 
 
 

Water can flow from here . . .

. . . to here.

Water can flow from here . . .

. . . to here.

. . . flow upward here . . .



  
 
"Everything You Always Wanted To Know About Water Systems . . . Page 8 
. . . But Were Afraid To Ask" 

 
 

Still, it can never flow up above where it began. 
 

 
 

F It's interesting to note, also, that the steeper the hill is, the faster the 
water will flow down it.   

 
 
 

 
 

Water CANNOT flow
from here . . . 

. . . to here . . .

. . . unless it is pumped!

Water flowing in here . . .

. . . Will flow more slowly here . . .

. . . than here.  In this
section the same quantity
of water will flow much
more quickly.
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This has significant consequences.  Since the amount of water flowing 
in the tubes is the same (unless you have leaks!), if the speed of the 
water is greater in the steep sections, you can use smaller diameter 
tubing there.  This saves money, since you can vary the size of the 
tubing, using smaller, cheaper tubing, in the steep sections of the 
system.  But don't over-economize, because a too-small diameter can 
reduce the water flow!  Just ask your engineer to optimize the design 
and don't push too hard. 

 
4. Distributing The Water 
 

Once water leaves the treatment plant, it enters the distribution network.  
Several aspects of the distribution network are worth mentioning. 
 

F First, notice that the distribution network is just that: it's a network.  
There are no "dead ends" or cul-de-sacs in it.  This is important, 
because this way water can circulate all over the network in many 
directions.  If there are any leaks, a section can be isolated and water 
can still get to any house while repairs are underway. 

 

 
 

The calculation of the tubing diameters necessary in the distribution 
network is very complicated; when in doubt, please contact the IED. 

 

F Second, as a consequence of the first point, cut-off valves should be 
installed at each of the junctions of tubing shown in the figure.  This 
way each section can be isolated.   

Treatment plant.

Water flows downward
here to the houses.

This is where
the houses are.
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F Third, a valve at the lowest point of the distribution network, which will 
be the lowest elevation of the entire system, should be installed so that 
water can be drained from the whole system if necessary. 

 

F Fourth, a somewhat controversial point.  All household connections 
should have water meters, and each user should be charged in 
accordance with their use.  This is important, and should always be 
assured except in cases in which the use of water meters is absolutely 
impossible. 

 
Why?  Simple: in a gravity-flow system, and any system for that matter, 
water flows downhill.  See section 2, above. 

 
This means that the users at the lowest elevation of the water system 
will have the most water.  If they leave their taps open, then users 
above them will have less water pressure and might even enjoy that 
most-frustrating of sounds: air whistling from their taps instead of 
water.  This can cause conflict, especially when all members of the 
community have participated equally in the construction of the water 
system, as is wise, and equitable access to water is not assured. 

 
The only solution to this - to ensure that those at the low end of the 
water system do indeed close their taps when they aren't drawing 
water - is to charge in accordance with usage.  No other solution has 
been found, to my knowledge. 

 
5. A Rough Rule of Thumb for Water Quantities 
 

F In cold climates in developing countries, 100 liters per person per day 
is a rough minimum for household (non-agricultural) use.  Double that 
for hot climates.  If an average household has six persons, then 1 
liter/second will serve about 100 houses in cold climates, and about 50 
houses in hot areas. 

 
This rule of thumb will allow the PLAN manager to ask what the 
average flow in the water system is, and to rapidly impress local 
authorities with her swift cross-examination of contractors who are 
proposing too-big or too-small systems.  Remember, though, that the 
conduction line should be designed to carry the average water flow, 
while the distribution network must carry peak flows.  See above. 
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6. Construction and Maintenance Tips 
 

Some final words on construction and maintenance: 
 

a. As in all PLAN-supported projects, community ownership is a must.  
These projects usually have no problem on this score, since access to 
water is such a basic need that its absence is a strong motivator. 

 
b. The most-difficult aspect of the construction phase is assuring that the 

tubes are buried deeply enough.  It's easy to justify shallow burial when 
it's hot outside, or the soil is tough, especially when the excavation is 
being carried out by hand.  But this should be avoided, and tubes must 
be buried at least one meter under the ground.  We simply don't know 
what kind of uses the land we are putting the tubes through will have in 
the future, and exposed PVC tubing quickly deteriorates in sunlight. 

 
c. A locally-appropriate but community-managed maintenance committee 

is essential, too.  Payment for usage (see above) must be collected, 
and repairs made.  Extensions or enlargements to the system are 
usually needed, too.  Much experience in how to assure the sustained 
use of the water system, built at such great sacrifice, exists in PLAN.  
The author would be happy to provide references. 


