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INTRODUCTION

ohopei  1is Iocated rpughly at 7° north latitude and 138° east
longitude in the Eastern Caroline Islands, The island is roughly circular
with a dianeter of 14 miles and an area of 144 squarte niles. The annual
rainfall, recorded at Kolonia, is approximately 192 inches, with rainfall
in the interior meuntaina ranging hetween 350 and 400 inches. Major
drainage systems occur in the municipalicties of Metalamim and Yec with
small rivers and intermirftent streams being common in the remaining
municipalicies of U'h, Kolonia, Sokehs, and Kieei.

Az one would expect, river and streams on Pohmpei play an important
role as water acurees inm tural homes where there are ne central water
supply systems. They are traditionally used far bathing, washing clothing
and dishes, and sometimes for drinking and cocking. ©On Pohnpei, many homes
are located inland. sometimez at a significant distance from a river ar
stream and sometimes at a higher elevarion than the nearest point on the
river or srream. This can mean a long walk, fragquently with a heavy load
of clothing or an awkward load of cooking ware or, alternatively, the
portage of water from the river or atfream te the home.

& smoluiion to this type of problem 1s pumping water from the river to
the point of use, In cases where there iz no power available and rthera is
a surplus f watar, the use of a hydraulic ram pump deserves serious
congideration., A Tam pump has a further fearure for remote areas In that
it only requires occagional simple maintenance. In many cases, a ram pump
provides a sensible approach to pumping even when power 15 available.
UInfortunate. ¥, very few ram pumps have been installed in Micronesia.

OBJECTIVE

The abjective of this project was to install a hydraulic ram pump at
an appropriate site in Micronesia a3 a demonstratien. Its inscallation and
operation would he documented s¢ that other people with similar water
supply prob._ems might be able to duplicare the procaess. Primarily becauss
of budgetary limitations, 3 small pump would be installed to serve an
Individual hiome or cluster of homes.

PRINCIFLE OF OFPERATICH

The usnal elements of a ram pump installarian are shownm in Figure 1.
They include 2 dam which impounds water in a river or stream or a suitahble
arrangement for capturing water from a sprieg. The water is then conveved
to a feed tank via a supply pipe and from the feed tank via s straight run
of pipe {th: drive pipe)} to the ram pump. Wastewater from the ram pump is
generally directed back to the stream or other convenient location. Water
delivered by the rtam pump is conveyed by the delivery pipe te a storage
tank from which it is disttibuted to the home that will use the water. The
performance of the ram pump depends on the volume of water entering it via
the drive p:pe and the ratic of the fall from the fead taok to the ram pump
to the rise from the ram pump to the storage tank.
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Figure 1. Schematic of a ram pump installation {adapted from D & P Manufacturing brochnre),



The principle of operarion of a ram pump (Figure 2} is simple. Water
iz allewed to flow with considerable force and apeed down the inclined
drive pipe into the ram pump. The water spiils out through the claek valve
urtlil the a1Tessure on the valve cauaes 1t ro close, The water flows on
through the pump bedy through the check wvalve and into the air chamber.
The air within the chamber absorbs the momentum of rhe water until the
pressures reverse In the farm of a shoeck wave. This travels bdack through
the watar, zauszing the cheek valve to clpse. The water trapped in the air
chamber is pushed out through the delivery pipe and intp the storage tank,
The clack valve and check wvalve then reopen and the complete cycle repeats
pnie again.

SITE SELECTION

At the putset of the projeet it was decided that the demonstracion
would take place in Pobhnpel because of the high probability of finding a
suitable site there. VUpon the recommendation of the Director. Department
of Communiiy Services, a site was selected in Ipwal Villape in Sokahs
Municipality near a privace Tesidence. The pump would =erve this
residenca.

The preject site ia a spring-fed stream approzimacely 400 feat from
the reasidence. The stream is approximately 100 feet long before dropping
ofif a fall of arcund 40 feet. The stream {3 rocky {mmediately upstream of
the £all and a dam site was selected at a natural narrow spot wich sheaar
rocky s5ides. The ram pump site wap situated appreximataly 30 feet
downetream at the bank of the stream adiacent to an area traditionally used
for clothes washing (Figure 3). The fall from the dam site to the ram pump
gite wags ectimated at approximately 4 feet, the rise from the ram pump to
the home at approximately 300 feer. 4 faeed tank was mnot used, the
impoundment of water behind che dam serving this purpese.

THSTALLATTION

Twe guructures were bulle in order to complete the demonstracion
project: a1 pedestal ko support the ram pump and a dam. Both were
conatructad of mertar and reock, the latter being abundant at the project
sice.

The peiesial wasg huilr adjaceet to a large rock at the stream hank and
fixed to it with mo. 3 rebar, the logic being rhat the massivensass of che
reck would make the pedestal immovable, Since the stream ig primarily
gpring fed. there was less rthan uxual hazard of flpods washing out che
ingtallation. Most of the pedestal was constructed of rock and mortar,
The top face was poured in forms which were leveled and into which tounting
brackets for the ram pump were placed.

The dim was constructed by first diverting most of tcthe stream flow
around the dam site. This was accomplished by means of a siphom and a
diversion diteh. A small quancity of water still seeped into the dam sice.
By fixing a FVC drain pipe into a plastic sheet with PVC cement and placing
tha sheet close to the bottom of the dam site, alwost all remsining warer
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Flgure 2. BSchematfc of "Hercules" ram pump.



Figure 3. Project site. Man is standing om rock where ram pump  was
lnstalled.



could be diverted through the pipe. It was then possible to peour mortar on
the st'ream bed and begin to lay up the mortar/rock dam (Figure 4).

4 Hercules Ram Fump by D & P Manufacturing was selected for this
application because of its low cost {around 5200) and because most of the
pump components are standard pipe fittings. It was anchored to the
pedestal in two places: by means of a clamp over the end of the drive pipe
and by means of a bracket attached to the air chamber (Figure 5). The
instal.lation and operation instructions for the ram pump are reproduced in
full :n the Appendix,

4 1} inch drive plpe was used (Figure 6), the maximum size recommended
by the manufacturer. A 4 feet section af galvanized pipe was imbedded in
the dam. The remaining run to the ram pump was PVC. Even though the
manufseturer recommended a steel drive pipe, PVC was used in arder to
simplify construction since the pipe can be eaaily bent to correcr for
miner misalignment of the ram pump. It was believed that, since the fall
was 1ot teoo great, the vibration of the pipe would be small or
insignificant. This turned out to be the case. The installed length of
the drive pipe was 33 feet.

4 % inch delivery pipe was used (Figure 7). This is smaller than the
minimm (1l inch) recommended by the manufacturer. However, % inch was used
to minimize expense and because flow rates of no greater than 1 gpm were
expected, For the length of drive pipe used at this flow rate, the head
loss would only be around 4 fest. PVC was again used in order to simplify
assemtly.

ts Installed, the fall from the free surface of the water behipd the
dam to the center line of the ram pump is 4.5 feet. The rise from the ram
pump to the point where the pump was tested (flow rates measured) is
approvimately 30 feet, The rise to the anticipated polnt of use of the
water 13 expected to be around 36 feet. This was simulated during testing
by elevating the pipe & feet above the ground. The length of run of the
delivery pipe from the pump to the test point is 420C feet. The length to
the articipated point of use 1z expectad to be around 500 feet.

It was originally planned that a second pipe would be placed in the
dam altove the drive pipe to serve as a source of water for the traditional
washirg area. However, this pipe was broken loose from the dam (probably
by children playing) within 24 hours of the dam construction. Consequently,
it was decided to omit this pipe and make other undetermined future
arrangements for providing a convenient water supply for this area.

TESTING

The ram pump installation was tested by noting the performance {(flow
rate zt the end of the delivery pipe) (Figure 8) for different settings of
the clack wvalve, The rate was noted for twe different lifts, 30 feet and
36 feet, the latter cortespouding tc the elevation ac the expected point of
uge. Alse noted was the number of strokes per minute of the clack valve.



Figure 4a. The dam (viewed from the Eront),

Figure 4b. The dam {viewed from above}.



Figure 3. The ram pump installation. WNote water being discharged from the clack
valve,

The completed project. Note top
of dam in center background.




Figure 7. The delivery pipe run,

Fipure 8. Measuring flow fram the delivery pipe.
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The results of the performance testing are summarized in Table 1 and
Figure 9. A few general observations can be made, all of which correspond
fairly well with the manufacturer's prediction of performance. Firstly,
the larger the setting of the clack wvalve, the lower the number of its
strokes per minute. Generally speaking, the lower the strokes per minute
{and the more water that is wasted through the valve), the more water will
be punped through the delivery pipe. However, at the largeat setting of
the clack walve for which the pump would function, the flow decreased
somewrat. This is probably because the pump was barely functioning at that
settirg; it appeared that the water pressure was barely sufficient to close
the clack valve.

For this installation, the flow rate at 30 feet elevation reached a
maximem of around .85 gpm at a clack valve setting of anywhere from % to
3/4 irch. The flow rate at 36 feet reached a maximum of around .69 gpm at
a clack valve setting from 5/8 to 3/4 inch.

In general, in order to reduce wear on the clack valve, 1t is always
desirable to use the smallest setting of the stroke that 1s possible. For
housetold applications it Is emphasized that a low flow rate from the
delivery pipe will still result im a large volume of water delivered aover
& 24 tour peried. For example, a flow rate of only % gpm will produce 360
gallora per day, an amount that may be adequate for all household water
needs.

The Hercules ram pump is designed to function with between lk% and 15
gpm of water supplied at the drive pipe. TIa this particular demonstraticn
project, a supply far 1in exeess of the maximum amount was available.
Consecuently, during the tests, water was always spilling over the dam.
The formula givenm by the manufacturer for calculating flow from the
delivery pipe is:

gpm = .6 FV
R

where! F = fall
R = rise
¥ = volume (gpm}

For ttis application, an estimate of the maximum gpm one could expect to ba
delivered at a 30 foot rise would be:

gpm = .6 (4.5)(15) = 1,19
34 .

whara: 4.5 feet 13 the fall
34 feet 13 the rise (including an estimated 4 feet head less in
the delivery pipe)
15 gpm is the maximum expected flow that the drive pipe can
transmit

The maximum flow that was measured at this rise was .85 gpm. This was
lower than, but reasonably c¢lose to, the thecretically predicted wvalue.
The d:fference may be due to inaccuracies in measuring the rise {dome with



Table 1. BRam pump performance test data,

clack valve stroke

clack valve stroke
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a hand level) ot simply the inability of the plpe to transmit 15 gpm at the
comparacively lew fall that was utilized,

CONCLUSIONS

This praject involved twe major phases: masonry consisting of
constructing the dam and pump pedestal and plumbing consisting of placing
the ram punp and tunning the drive and delivery pipes. HNHo major problems
were encountered in either phase of the project. Anvene with minimal
experience {or & bit of ingenuwicy) wich diverting small streams should be
able ta accomplish the masenry portion of the project. The Installatiom of
the ram pump and laying of pipe is extremely simple., especially 1f PVL pipe
is used. A builder should be cautious, however, to be certaln to adhere ta
the manufacturer's guidelines concerming racio of drive pipe length to fall
and rarla of rise to fall {==e Appendix}.

RECOMMENDATTONS

& recurring recommendatiaon of many Water and Energy Research Institute
reports dealing with remote island areas is the development of dual water
sauTLCEs, Theses center around the use of properly maintained rainwater
catchment/s orage systems as the primary source, to be rationed in drought
periods =such that water frem this source 15 always available for
consumptive purposes. As a back-up, wells, rivers, or springs should hbe
developed, Since rthesa latter sources generally produce water of lower
quality than rainwater catchment/storage systems, their primary use should
be for teilzat flusghing, clothes washing, and other non—-consumptive uses.

The demopstration that a ram pump is a simple workable device sultable
for operatiyn in Micronesia makes it feasikle to bring water from a remote
river, stream or sSpring to the immediare area of many househelda. For
homes where it 1= Impossible to dig a well, thils could provide a convenilent
hack-up water source to rainwater catchment/storage. This 1s especially
ttue of houes on 1slands such as Pohnpei where there 1is an abundance of
parennial s:reama. This approach La highly recommended.

On a broader scale, comsideration should be given to the use of larger
ram pumps EFor wvillage water supply or to augment supplies to district
center areas. Again the requirement 1s a perennlal stream with a surplus
of water compared to that which is required for use.
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Hercules Ram Pump
D & ¥ Manufacturing
P. 0, Box %7
Forest City, ¥.C. 28043

Installation Insgructions

The installation of the Hercules ig actually more important than the
settirgs of the Hercules Clack Valve. The installation must be strong
enougt. to pravent wash-away and the distances must be correct for proper
operation, D & P has operated the Hercules successfully under very bad
conditions; however, the efficiency was low. Under the proper condicions
the Hercules will out perform other water powered pumps due to the Direcc
Flow L'esign used in the Hercules.

hegin with your creek or spring. Measure the amount of the water
availzble. Catch the water in a bucket and time how long it takes to fill
it. IDidivide the number of gallons by the time and vou will get the gallouns
per aminute, If you have a five gallon bucket and it takes one half minute
to £ill the bucket, the results will be 10 galloms per minute., It is
preferable to have at least five pgallons per winute and not leas than 1%
gallors per minute. The more the better.

Fext determine the amount of fall (incline) from your spring or creek
te the position you plan rfo install the Hercules. 7You must have a fall of
three feet, but five feet or more 1s preferred. To measure the fall, run a
strinsg;, from the spring or creek down to the Hercules site. Secure the
string, at the water lavel of the spring or creek, Raise the string above
the Hercules until the string is level. Use a string lavel or carpenters
level te be sure the string is level., Measura the distance from the
Hercules to the string. This is the fall, The mere the better.

Fow figure the rise from the Hercules to your house or garden in the
game manner. IMPORTANT: See Maximum RISE (Table C).

1f the distance is too far to stretch a string without a let of sag,
it is best to measure the fall or rise in short steps. Measure from the
creek or spring down hill to a convenient location. Figure the fall to
this point. Then measure the fall to a second point and so on until you
get to the Hercules site. Add up all of the short falls to get the total
fall.

You can now figure approximately how much water the Hercules can pump.
F=Fall. V=Gallons/Min. R=Rise.

Formulas

I x ¥V x 864 = Approximate gallons per day.
R

Examp.e: A ten foot f£fall; 25 foot rise and 15 gallons per minute would
equal 5184 gallons per day. A lot of Water!
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The installatlon is made up of seven parts. A dam aeross 3 creek or a
spring house is needed to feed the supply pipe. A screen should be placed
over the upper end of the supply pipe in order to keep trash or leaves ocut
of the system. The supply pipe can e made of 4 inch plastic pipe, drain
tile, wood or even a level diteh. The length of the supply pipe is Dot
important, Hoce: if the supply pipe runs up and dewn hiils it may be
necessary to make small pin holes in the pipe to release trapped air at the
high points. The air can step the flow of the water.

The feed tank can he made of concrete, a large pipe, or a 33 gallon
drum works very well. The tep of the tank shauld e equal to the water
level of the spring or creek. The cop should be apen or well vented.

The diive pipe should be connecied to the feed tank at least 2 feet
belaw the water level. The length of the Drive pipe 13 importanct. Its
langth must noc be under 5 times the fall or over 1 times the fall, In
acther wordz, a ren foor fall needs a drive pipe of at least 30 feer bur not
aver 100 feer. 50 feer would he bast because of the axpense of the drive
pipe. The Supply plpe length must be varied in order te get a correct
Drive plpe length. Make ne mistake; the drive plpe length 1s impoztant,
SEE: TABLY A, The drive pipe should be made of | inch or 1% inch
galvanized steel pipe. SEE: TABLE B.

Plasric pipe should not be uaed for the drive pipe unless it is set in
concrete., The plastic will shake and cut efficiently down and may even
burst under presasure if neot securely held in place.

Shop around and try to find some used steel pipe atr a good price if
cost 1a a problem.

The Hercules should be set level on a solid foundation. The drive
pipe should be straight and feed into the Hercules with only a slight bend
in the pipe. A gate valve can be used te shut the water off but use only a
gate type valve, The drive pipe Should have no ocbstructioms so the water
can move freesly.

The delivery pipe can be steel or plascie. SEE TABLE B for size. A
valve of any type should be used to prevent the water from draining back
down from the storage tank should you ever need to replace a Hercules part.
4 delivery pipe valve is alse useful in that 1t car be clesed slightly to
provide back pressure on the Hercules until the delivery pipe 1z full,
Then che valve can be opened fully.

Your entire Hercules system should be protected from freerzing. Fipes
enclogaed Ir Ipsulation or under the earth. The Hercules itself ghould be
anclosed ic = =mall block house or a pit with drain. GS¢me peopla who usa
the Hercules for irrigaticm in the summer, drain the system in the winter
and do not insulate. Just be sure all the water is out of the system. Of
course, for our southern friends this is unmecessary.

Thia hwoklet contalns mere detalls than necespary; however, 1f wou
follow these suggestions closaly you will have an installatiom you can be
proud of and which will serve you well.
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OPERATING INSTRUCTIONS

fhe start up of a Hercules is easy. Feed the supply water into the
drive pipe. 1LIf you are using a gate valve between the drive pipe and the
Hercules open it fully. Water will flow out the clack valve. The drive
pipe must be full of water with no air., Hold the clack valve down to the
force out all air. Adjust the collar on top of the clack valve to a proper
strokz of about % inch. However, the setting should not be so great thac
it drains the scurce. At first the Hercules will pump and stop, Pull che
clack valve up and down to restart it. If you are using a valve between
the He:rcules and the delivery pipe, close it almost closed. If you ars not
using a delivery wvalve then it will be necessary to pour some water in the
delivery pipe to provide enough back pressure to continue the cycle. As
the Hercules pumps more and more the strokes will become like clock work
and continue on and on.

A snifter hole 1s located in the brass check valve., You will note
that water spurts out of the gnifter hole on each stroke. This is
neces;iary because a small amount of air is taken into the Hercules on each
stroke and this keeps the air chamber full of air as it should be.

You can now adjust the collar on the clack valve up or down to suit
you nceda, Remember, do not open the c¢clack valve too far. You might drain
the source. Additional weight may be added to lengthen the time of the
stroke. Steel washers work fine. This is unnecessary unless you are using
a fall of over 15 feet. Remember: The slower the stroke, the more you
pump. This sounds backwards, but it's true! The more water you waste the
mere You pump.
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TAELE A
Drive Pipe Laength

Fall OF DRIVE FIPE LENGIH
Minimum Maximom
3£t 15 fr 30 fr
4 ft 20 ft 40 ft
3 ft 25 ft 50 fr
6 £t 30 fc &0 ft
7 Et 15 £t 70 fr
3 fr 40 fre 20 fr
B fg 45 Et 90 £t
13 fe 50 ft 100 £t
TARLE B

3ize of Drive Plpe and Delivery Plpe

Fall FLOW IN GFM DRIVE PIPE SIZE DELIVERY PIPE STZE
3 ft 1% gpm 1 inch 1 inch
3 fc 5 gpm 1 inch Ll inch
4 ft 5 gpm 1% iach 1l inch
5 fr 5 gpm I inch 1% inch
over
5 ft over 5 gpm % inch l% inch
TABRLE C
Maximum Tsa
WITH & FALL OF MAXIMITM RISE
3 ft 720 ft
4 ft 35 ft
5 ft 530 £t
6 ft a0 £t
7 ft 0 £t
3 ft 80 £t
o ft 90 ft
10 ft 00 fr

ETC
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