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This manual details the design principles and communicates the assembly and installation procedures
for a 10 inch PVC Pipe BioSand Filter. A pilot test project in San Juan del Sur, Nicaragua was conducted
to verify viability. The project used PVC Pipe for the shell in lieu of concrete and introduced variations
from traditional construction techniques and materials for the shell, diffuser, cap and standpipes. The
project design adhered to the guidelines and the technological intent documented in the ‘BioSand Filter
Manual’ published by the Centre for Affordable Water and Sanitary Technology (CAWST) with specific
reference to Glossary Item 5, Section(s) D, E, and F. CAWST offered counsel on the filter concept but it
should not be implied that CAWST endorsed the work. This manual is reinforced under separate copy
with water quality test data. Without the generous on-the-ground support from the Newton – San Juan
del Sur Sister City Project and the Nicaraguan International Development Project (NicaCan), with special
assistance from David Gullette, Antonia Mendoza, Adan Hernandez, Kas Eccles, numerous unaffiliated
volunteers and the participating households in the village of San Antonio de Baston, the project design
by Dennis St. John could not have been verified; I thank them for their work and enthusiasm.

General
The contents of this Manual are limited to the assembly and construction of the illustrated 10 inch PVC
Pipe BioSand Filter (BSF). Once constructed, the BSFs were located in residential households, installed
with sand and gravel and placed into operation. This was followed by testing of the source water and
the filtered water, the latter after two weeks of flow. A monitoring program reviews the operation,
maintenance and water quality of the PVC Pipe BioSand Filter as a demonstration of its potential for
removing pathogens and suspended solids from contaminated water.
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1.Preparing 10 inch (25.4 Centimeter) PVC Pipe for the Shell:
10 inch PVC pipe is available from vendors for a variety of uses
that may include sewer, water or irrigation systems. The
selected pipe should be new and clean. The pipe is available in
20 foot (6.1 meter) and 14 foot (4.27 meter) lengths. For ease of
transportation, the pipe may be rough cut in the vendor’s yard
into segments of approximately 75 inches (190 cm) measured
from the male, non-hub end. See ‘The 10 inch PVC Pipe Cutting
Guide’ (Appendix ii).
The final cutting takes place at the assembly site. A metal frame
is used to hold the pipe securely in place. The pipe can be
wedged to the frame with tightened threaded rod or with
clamps. The objective is to keep the pipe from moving to get
the required straight pipe cut with the flat surface needed for
the final bonding of the filter’s bottom plate.
The metal frame is constructed for ease of transport and
assembly out of perforated metal. See ‘The 10 Inch Pipe Cutting
Jig’ in (Appendix iii) for the details on the jig pictured at the top
right. The metal frame is fastened to a strong table ridged
enough to take the back and forth thrusting of the cross-cut
hand saw. A piece of wood is placed below the pipe to protect
the saw blade from hitting the metal frame. The saw illustrated
has 12 teeth per inch or (2.54 cm.) and is specified for fine
cutting PVC pipe. (See Photo)
The 75 inch pipe is cut into 2-36 inch (91.5 cm.) lengths with 2
end rings with an approximate width of plus or minus 1.5 inch
(3.8 cm.) Both ends of the 36 inch lengths need to be cut for a
clean edge. The teeth of the hand saw will leave a rough surface
but this rough surface area has the advantage of leaving more
area for the bonding of the PVC adhesive. The edges of the cuts
may require smoothing with a file or sandpaper to eliminate
extra burrs or roughness. (See photo)
The 1.5 inch end rings are used to adjust to varied diameters of
diffusers or the inside diameters of nominal 10 inch pipe. The
rings will have 4 inches cut away to allow them to fit inside the
36 inch pipe. (See Photo)
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2.Installation of the 1.5 inch interior ring:
The 10 inch dimension for PVC pipe is the ‘nominal’ description of the inside diameter. The true inside
diameter for a 10 inch pipe will depend on the original use for which the PVC pipe was intended (water,
sewer, irrigation, etc.) or the manufacturing standards of the country of origin. The interior diameter will
vary between 9.75 inches (or 24.75 centimeter) and 10.125 inches (or 25.75 centimeters). This is
important to note because the friction fit diffuser has sloping tapered edges that will allow the diffuser
to rest on the upper edge of PVC pipe. If the 10 inch pipe diameter is greater in diameter, the sloped
diffuser would drop deeper into the pipe; conversely a smaller diameter pipe allows the diffuser to sit
higher on the edge. Therefore, the adjustable placement of an interior 1.5 inch wide PVC pipe ring
allows for the depth of the diffuser to remain constant.
Note: This BioSand Filter design requires that a 1 centimeter space be maintained under the diffuser and
above the top of the paused water level. The diffuser cannot rest in the paused water or it will not
operate efficiently. Therefore, a dimension must be established on the depth of the diffuser to allow for a
consistent positioning of the Standpipe and the Filter Outlet. That dimension is the 7.0 inch (17.75 cm.)
height of the diffuser plus 3/8th inch (one centimeter) below the top rim of the 10 inch PVC pipe. This
dimension total of 7.375 inches or (18.75 cm) locates both the top of the paused water and the location
of the Filter Outlet and is referred to as the reservoir height. (See Appendix i)
The interior positioning of the 1.5 inch ring is established by
sliding the ring up and down the inside of the 10 inch pipe
until the inserted diffuser sits at the 7.0 inch (17.75 cm.)
height. The 7.0 inch depth is marked on a diffuser bucket to
allow the observer to determine when the ring is at the
correct depth. Once the position of the ring is established,
measure down from the top of the 10 inch pipe to the top of
the 1.5 inch ring; that depth should be consistent for all filters
if all the 10.0 inch pipe and diffusers are from the same
manufacturing source. Once the correct depth is established
the 1.5 inch ring may be permanently bonded with PVC
adhesive. Turn the ring so that the 4.0 inch gap lines up with a
vertical line or the manufacturers printed data on the outside
of the 10 inch pipe. The hole for the standpipe plug assembles
easily if through only one layer of pipe without contact with
the thickness of the 1.5 inch ring. The interior surface of the
10 inch PVC pipe and the exterior surface of the 1.5 inch PVC
ring should be cleaned with sandpaper to get the proper bond.
Clamps may be required to hold the piece in place till bonded.
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3.Preparing the Standpipe and the Filter Outlet:
The standpipe is constructed of ½ inch (1.27 cm) PVC pipe and assorted fittings that are manufactured
for drinking water. A drawing of ‘The Standpipe and Filter Outlet with Parts List’ is in (Appendix iv). If
carefully cut, one 10.0 foot (3.05 meter) pipe will supply the material required for 3 filters. The
standpipe is two pieces: the Exterior Standpipe and the Interior Standpipe. The two are kept separate
until added to the 10 inch PVC pipe during the assembly detailed below. The Filter Outlet is a third piece
that may be left loose to avoid damage until the Filter reaches the operational position in a household.
The Exterior Standpipe is composed of two lengths of ½ inch pipe;
one is 26.5 inches (67.3 cm.) and the second is 3.0 inches (7.6 cm.).
The three fittings include one 90 degree elbow with slip joints on
both ends (S x S), one 90 degree elbow with one slip joint on one
end and with female pipe threads on the other (S x FPT), and one
‘Tee’ with female pipe threads on the leg of the ‘Tee’ and slip joints
on the arms. (S x S x FPT) Assemble per the detail in Appendix iv
with a light or medium weight PVC adhesive. A small 1/16 inch
(1.5mm) vent hole is drilled in the top elbow to prevent any chance
of the water being siphoned out of the BioSand Filter.
The Interior Standpipe is made of one 7.5 inch (19 cm.) length of ½
inch pipe and two fittings. The fittings include a ½ inch cap (S) and
an adaptor with a slip fitting on one end and male threads on the
other. (S x MPT) Assemble per the detail in Appendix iv with a light
or medium weight PVC adhesive. The interior standpipe will have
6- 1/8 inch (3 mm.) holes drilled into it after it is attached to the
Exterior Standpipe in the installation section detailed below. Do
not drill the holes now as they must be on the bottom of the filter
to operate properly. (See Photo)
The Filter Outlet has one 3.0 inch (7.6 cm.) length of ½ inch pipe
and two fittings. The fittings include a 90 degree elbow with a slip
fitting on one end and a female pipe thread on the other. (S x FPT)
The second fitting is an adaptor with slip fitting on one end and a
male pipe thread on the other. (S x FPT)
The threads in the 90 degree elbow are to attach a plastic hose to
help direct the clean water into a sanitary bucket. The plastic hose
with the male pipe adapter may be installed directly into the
female pipe threads of the Exterior Standpipe. This eliminates the
need for the Filter Outlet. Plastic pipe threads should have Teflon
tape applied to reduce friction. (See Appendix iv.)
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4. Installation of the Standpipe to the 10 inch PVC pipe:
Lay the 10 inch PVC pipe horizontally on a work surface. Draw a
vertical line from top to bottom the length of the pipe or use the
manufacturer’s printed data as the vertical line. Measure down
from the top rim of the 10 inch PVC pipe the reservoir height of
7.375 inches (18.75 cm) and mark the location.
Lay the assembled exterior standpipe on top of the 10 inch pipe
so that the centerline of the ‘Tee’ outlet is ¼ inch (0.6
centimeter) above the mark and toward the top rim of the
pipe. (See Photo)
Hold the standpipe in position against the 10 inch pipe. Mark
on the vertical line the perpendicular center line of both the
upper and lower standpipe 90 degree elbows. (See Photo)
Drill a ¼ inch guide hole (0.6 cm.) at each of the marked
locations. Follow by enlarging each hole with a 7/8 inch (2.2
centimeter) drill bit. Test the dry (without adhesive) installation
of the exterior standpipe to the interior standpipe by lightly
connecting the two through the lower drilled hole. At the same
time test the dry fit of the top plug in the upper 90 degree
elbow. If the 7/8 inch holes are properly positioned the two
should slide together without effort.
Either sand the 10 inch PVC pipe to roughen up the surface or
apply PVC primer to all sides of the 7/8 inch holes. Wait
approximately 10 minutes or until the primer is dry to the
touch. Apply ‘GOOP’ high viscosity adhesive to all sides of the
7/8 inch holes and to the face of the 90 degree elbows. Apply
‘GOOP’ to the area where the threads change to pipe on the
adapter end of the interior standpipe and to the top plug.
Within two minutes insert the inside standpipe through the 7/8
inch hole and into the 90 degree elbow. Screw the two together
tightly by hand. Do not use a wrench or you may strip the
threads. Allow the excess adhesive to remain; this may be
smoothed out with a tool (or finger) for uniformity. Quickly
install the top plug through the 7/8 inch hole and into the upper
90 degree elbow. Push the two together and hold firmly in place
for one half minute. (See Photo)
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Allow the unit to sit motionless for 30 minutes. Then turn the
filter so that the unit is upside down. The interior standpipe
should now be on the top. Drill six - 1/8 inch (3 mm.) holes into
the bottom of the ½ inch pipe. Check to see that the holes are
clean and free of any excess PVC material. (See Photo)
Roughen the PVC pipe surface with sand paper or apply PVC
Primer to the bottom of the 10 inch PVC Pipe. Allow the primer
to reach down both the inside and outside of the Pipe
approximately 1/4 inch (0.6 centimeter). Also, apply the PVC
Primer to bottom plate or sand paper to roughen the surface.
Allow the primed surfaces to rest motionless for approximately
10 minutes or until dry to the touch. (See Photo)
5. Installation of the bottom PVC plate:
The 0.125 inch thick PVC base plate is cut 0.5 inch larger than the
exterior diameter of the 10 inch PVC pipe. Place a PVC base plate on the
wooden jig and with a pen draw a circle to record the exterior
circumference of the 10 inch pipe. The circle will provide a helpful guide
in applying the adhesive. Arrange rubber shock cords (Bungee cords) on
the wooden form. See ‘The Bottom Plate Assemble Jig’ in (Appendix v).
The three 4 foot long Bungee cords shown are attached at their mid
point to a 1.0 inch diameter steel ring.
Place the bottom plate on the form with the primer or sanded surface
facing up. Apply ‘GOOP’ high viscosity adhesive to the face of the
bottom plate inside the ring previously drawn. Apply ‘GOOP’ adhesive
to the bottom surface of the 10 inch PVC pipe. Turn the 10 inch PVC
pipe over and place it on top of the bottom plate. There should be
evidence of excess adhesive around the edge of the pipe. Twist the 10
inch PVC pipe about one inch (2.54 cm.) so that the adhesives blend
together and air bubbles are eliminated. Fasten the Bungee cords to the
top of the PVC pipe by alternating from one side to the other to keep
uniform tension. (See Photo)

This initial bonding of the bottom plate and the 10 inch PVC pipe is the
most critical part of the filter assembly. The adhesive applied at this
time must be allowed to cure and for solvents to evaporate for a
minimum of two days or 48 hours before gravel and sand can be added
to the filter. But, after 8 hours additional adhesive may be added to the
bottom plate and the guards may be installed. Once the rubber cords
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have been removed, added strength may be obtained by applying
additional adhesive between the connection of the 10 inch pipe and the
bottom plate. Once applied the adhesive may be smoothed with a knife
(or finger). Let this added adhesive dry for about one hour or until it is
not tacky to the touch; guards may now be installed.
6.Installation of the guards:
The guards were cut from 3 inch (7.62 cm) thin wall low-pressure
PVC pipe normally used for irrigation. Heavier PVC pipe may be
substituted. The pipe is split lengthwise into quarters and then each
filter receives two lengths each of 12.50 inches (32.0 cm), 6 inches
(15.25 cm), and 1.25 inches (3.0 cm). A 20 foot pipe will yield enough
material for 24 filters. See sketch of ‘Preparing the guards’ in
(Appendix vi).
Lay the filter horizontally on the work surface with the standpipe on
top. Holding each of the six pieces of the PVC guard(s) as a guide,
draw a line where the guard joins the 10 inch PVC pipe. Place the
guards aside and on the standpipe side of the line(s) apply a PVC
primer to the 10 inch Pipe or roughen the surface with sand paper.
Allow the primer to dry to the touch. Apply ‘GOOP’ adhesive to the
contact edges of the guard and to the surface of the 10 inch PVC
pipe. Press the guards firmly into position and allow for overnight
drying before washing or transporting. (See photo)
7.The diffuser Construction:
The diffuser in this test is a wastebasket that has been cut to the
correct height with a table saw prior to having 40 – 1/8 inch (3.0
mm) holes drilled through the bottom. The cut edge was smoothed
of excess material with a file. For efficiency the diffusers can be
stacked for multiple drillings.

8.The Lid Construction:
The lid in this demonstration is an oversized cap normally used in the
oil industry to protect pipe threads during shipping. (See Photo) A
large plastic dinner plate has been used with equal success. In areas
where insects are excessive and might accumulate under the lid, a
piece of cloth can be placed between the diffuser and the lid.
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9. Cleaning and Testing of the BSF filter:
Once the guards have bonded, the finished filter should be tested for leakage. Fill the unit with water to
the height of the paused water and look for any leaks in either the bottom of the exterior standpipe or
along the edge of the bottom plate. Should a leak be noted the bottom plate may be removed with a
sharp razor knife and re-attached by repeating Section 5.
Place a container under the Filter Outlet and add an additional bucket of water (approximately 3 gallons
or 12 liters) to the filter; this would be a good time to add a Chlorine solution of approximately a half
cup of 5.25% bleach to the water. This will not only disinfect the outlet but will flush out any PVC saw
dust and will sanitize the inside standpipe and the inner lining of the 10 inch PVC shell.
The diffuser is placed into the filter once the water has reached the level of the paused water. There
should be 3/8 inch (1.0 cm.) between the bottom of the filter and the top of the paused water.
Empty all of the water from the BSF after allowing the Chlorine enriched water to rest for
approximately 10 minutes. The water may be reused in the next filter or saved for sanitizing the sand
and gravel prior to being installed in the BSF but the water should not be used for drinking or
cooking.
Allow the filter to air dry, place the diffuser inside the shell, add the Filter Outlet and the plastic hose
to the diffuser, and add the lid to keep the BSF clean. Tape the lid in place to assure that dust does
not enter the filter while being transported to the intended household installation. (See photos)
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Appendix i: The 10 inch PVC Pipe BioSand Filter
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Tools and materials required to construct the BSF Shell:
Tools:
20 foot tape measure – Inches and Centimeters
Small Square
PVC Hand saw (12 Teeth per inch)
Battery drill with charger
Drills: Include 1 – 1/16th inch bit, 2 – 1/8 inch bits, 1 - ¼ inch bit, 2 – 7/8th inch hole
drills, 1 - Phillips bit
6 sets Bungee cords
Hand screw drivers: Phillips and blade
2 – 12” clamps for pipe cutter form
Small ‘C’ clamps for holding Interior Ring
Files: round and flat
Ratchet set with 7/16 inch head and 7/6 inch box wrench
Crescent wrench, pliers, and channel locks
Utility knife
Hammer
Marking pens and pencils
Flashlights
Writing Pad
Camera

Forms:
Pipe cutter form (Jig) with clamps, threaded rod, bolts.
Base plate assembly form (jig)
Diffuser hole drilling guide

Materials:
Electrical tape, Teflon and duct tape
Sand paper
bolts and screws
Tubes of GOOP: 0.75 tube per filter
4 oz. PVC adhesive; 4 oz. PVC primer (if available)

Appendix vii: Tools and Materials Required
Appendix vii: Herramientas y materiales necesarios
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