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ABSTRALCT

The purpese of this pratect was to develop a4 model of the water
distribuction system for Meoen Island in Truk Lagoom, The water distribution
system or Moen Igland is one that has been plagued with operating problems
for years. Even thaugh there appears to be an adequate supply of water,
the svstem 1s not operated on a 24 hour a day delivery basis and there zre
alsp problems with lezkage, over use and back flows into cthe system.

System data was gathered and two system models were developed for the
water distribution system. The firsc model was of the Southfjeld area on
the south end of the 1island. Thie model is a comprehensive model and can
be used to study individual use ratea and the operation of an adequately
constructed system, The second model 15 of the entire island water
distriburion system, but all the Individual services have not been
identified, Although this second model iIs net as ceomprehensive as the
Sputhfield model it 1s still vwaluable in that various operating schemes can
be investigated to cptimlze the coprdination of avallable supplies, storage
and demands. A complete listing of raw and annotated data for each model
ig contained in the appendices to this report,

Development of a water distribution model is only the first phase of
solving Uhe many problems with the Moen Island distribution system. This
report describes in detail a series of five follow up studles that will use
the system models. These follow uwp studies should be useful 1n determing
solutions that are both sound in engineering concepts and also feasible in

haoth a palitical and sacial sense.
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TETRODUCTTION

The water distribucrion svsten secviog Moen, the district center island
in “Truk State in Mirronesia, generallv does nor pravide water to the
populations Et serves for 24 hours per day in splte of the fact thar
adequate sources of supply are generally available. This situation leads
to great Imcenvenience and can contribute to sanitatlon related diseases.

aside from wocasional droughts whleh exacerbate the situation,
gometimes to crisis proportions, there are continuing dehaces concerning
the caus:s of these water supply shortcomiugs. Some suggested causes are
leakage, waste hy consumers (taps left on), apd improper operation of ar
lack of understanding of che distributlion system.

Computerized water distribution system models are used to predict
flows arul pressures at different pelnts in an actual water supply system in
regponse to flow and pressure demands and flow pressure inputs at various
points in the system. A fully developed system model can be used ro
identify areas of leakage or overuse, to deiine new operating criteria for
more efficient system operaticn, and te easily explore different schemes
for ilmproving the system. These model applicaticns could lead to an
improvemsznt Iin performance of the water distribution system on Hoen Island,
Thege studies could alse help to idencify similar water distribution
problems that may be occurring in other district center water systems in
Micronesia.

In order to construct a model, it 13 necessary to have an accurate
physical description of the pipilng system and a knowledge of performance
characteristics of pumps and storage tanks in the system. The purpose of
this study was to gather the data required te copstruct a computerized
water distribution system model and then to actvally develop the model,



OBJECTIVES

"he primary scope of this project was to develop a computerized model
ef th: water distribution system serving Mcoen, the district center 1slands
in Truk State, Micronesia,

“he primary objectives of this project was to:

La]
i

Cather the hydraulic data Tequired to develop the system model,
In order ro accomplish chis, dinformacion on the following was
gathered:

d. Plping system layout, including such items as slze, locacion
and roughness of all pipes in che system,

b, Characteristics of pumping stacions and storage reservolirs.
c. Timing and quantities of demands on the systen.
d. Mature and avallabklility of the water supply.

Develop the actual system model. This step Invelved the
following two stages:

d. Coding the Loput data for the computer model.

b. Testing and debupping the dacta in order to make the model
operaticonal.



RELATED RESEARCH

4 number of studies have been carried out 1in the past to define che
water consumption pattetns and customs of the people of Micronesia,
{Stephenson, 1979 and 1980). There have alsc been some efforts to adopt
the use of 8 fairly simple distribution systew wmedel to a single
distribution system on Guam {Winter, 1975}. It appears that
state-of-the-art computerized models have not been applied to 1lsland water
distributicon systems in Micromegia. Studies by B. Reichert, of the U.S.
Navy on Truk (Reichert, 1985}, indicated that adequate data might be
avallable to develop a state-cf-the-art model of the Truk district center
water distribution system on Moen Island. Because of thia the Moen Island
water system was chosen as the district center system to be used in this
study.

4lthough it appears that direct application of a computerized
distribution model has not been accomplished in Micronesia, that does aot
mean that 1t has not beern accomplished elsewhere. Sophisticated
distribution models have been available for a number of years and have heen
widely adopted by engineering comsultants and researchers (Walski, 1983] .
Literally thousands of small and large distributions systems have heen
analvzed snd designed using these sophisticated tools. The key to the use
of thesze models is the availabillty of the required system description
data.



DESCRIPTION OF COMPUTER MODEL USED

The computer program used In this project is one of a series of
comfuterized pipe network programs developed by ULr. Donald J. Wood of e
University of Kentucky at lexington, Kentucky, The program that was used
l1s cperational on an IBM persenal cowmputer and title EPS584. The parcicular
program has been superceded by a new program called KYPIFE. Complete
program manuals and program documentation for all of the pipe nerwork
programs developed by Dr. Wood are available through the Civil Engineering
Sof{ware Center at the University of Kemtucky (Wood, 1980 and 1985).

tiengeral Descriptionm of Pipe Network Flow Equations

All pipe network models are required to solve a svstem of simultaneous
non linear and linear equations with flow In each pipe as the unkrnown
variable. The linear equations are developed by applying the continuity
equation (inflow must equal outflow) to the pipe junctions in the system.
The nen linear equations are developed when the head losses due to pipe
friction are analyzed arcund the closed loops in the system. The sum of
los=es around each closed loop must sum algebraically to zere. Since head
los=e= din pipes are a non linear function of flow in the pipe the loop
equations are mon linear 1lp nature. The system of linear and non linear
equations cannot he solved by conventional metheds of solving linear
equations. The two most popular techmiques for selution of these equations
1s the Hardy Cross and che lineari{zation methods.

The Hardy Cross method requires that flows be assumed for each pipe
that satisfy the continuity equarion ac each junction point. A set of
cerrector equatlons are developed for each loop in the system. These
corrector values are the change in flow required to force the non linear
loop head lass equations te go to zere. Adjacent loops conctaln common
pipes and computed corracters for one loop would not normally be
approprilate for the adjacent loop. To handle thiz problem, an iteratiwve
technique 1s develeoped and a serles of correctors are computed and applied
te previously uwsed flow values In an frerative fashion until the corrector
value 158 wvery swmall compared to the actual flow walue computed., The
caomputed correctors are applied in such a fashion to waintailn contiouity of
flaw at each junction so that the final corrected flows satisfy both the
concinuicy equation and the loop head logs requirements,



The linearization scheme is =slightly different than the Hardy Cross
technique, In the linearization scheme the nen lYoop equations are
linearized in the following fashion. The loop equations cake the form:

ey (20" + 1, (070 + k(0" + ik (@ )" = 0
(ONE EQUATION FOR EACH CLOSED LOOE)
whetre
k = head loss coefficient invelving dlameter, roughness and
length of pipe
k= f*L*.ﬂEEI?!DS Darcy Welsback equation
k= L*&.?&QSID&'EﬁgIEHi'ES Hazen Williams equation
whare
f= Darcy Welsbach Friction Factor
L= Length of pipe (feet)
D= Diameter of pipe (feet}
CH= Hazen Williams roughness
coefficlent
= Flow in each lodividuel pipe
n = powar term depending on the head leoss equation used
(1.85 for Hazen Williams, 2.0 Darcy Welsbach method)
m = Pipe number
The junction ceontinulty equations take the form:
g, = 0
{One equation for each of (H-1} junctions)
where
Iqi » flow i into or out of the
juncrion. May be a pipe {low ot
external demand or supply.
W = Total number of junctions in the
system
The next step inm the process is to linearize the non linear laop

equation. This 1s accomplished by rewriting the loop equations 1n the
followlng form inm order to get each unknown pipe flow walue Lo be to the

power af unilky:
* n-lyn 4k *{0trial }n'l*q + +k_*{Qtrial }HHIQ =0
kl {Qtriall} Ql 9 oty 2 PAREEERRL m -
{ONE EQUATION FOR EACH {LOSED LOGP}

The above linearized loop eguations are combined with cthe linear
junction equatiens to ferm a set of simultanevus linear equatlons that can



be solved by conventlonal matrix means. An iterative technigque is required
thaough, becauwre the walues ol Qrrial are not known for each plpe. The
Qtrial wvalues wmust be equal (or very close tao equall to the [ values
resu. ting from the solution of the simultaneows equatlons before the
correct solution to the flow system ls obtained.

The dterative technique invalves first assuming pipe flows in the
system=. Some schemes call for using a flow value of | where other schencs
compute flow values In each pipe based an a reasonable wvalue of wvelocicy

say 4 ft/sec ({1 mfsec). Uaing these trial walues, cthe simultaneous
equal.lons ate solved resulting 1o a set of @ wvalues for each pipe, Tlhese
values are compared to the previously assumed trail ] values, If the

chanje fo § 1z very small 1o each pipe then the cerrect solution has been
obta:ned. If the change of ¢ 1s above sowme preset limlt then another
iteraticon is requitred. For the neat {teration, new trail Qs are compuged
by averaging the previous trial  for each plpe with the [ just computed
and calling this the new trial §. The lteration procedure 1s repeated
unti. the required accuracy between trial and computed (} 1s obtained.

The program used In this study uses the lineardization techoigue
desciribe  above. The propram has methods for lapotting minor  loss
coeflicients ({losses due to pipe fitcings) and alse wmetheds for
establishing tanks and pumps in the svstem, The procedure for adding these
features follows much the same mechods as those used for linearization of
the loop equations for pipe frictdon. The manwal for the program covers
thes: options in detail (Woods, 19E0}).



MUDE], SHBEIT haTA

The cowputer medel hardles all the Jincarisoation procedures interndaily
and all rhat is reguired s an adequate geomebvic deuoription of the pipe
syatem and an accurate list cof demands and supplies to the system.s  The

data requirements can be broken down inte physical descripeion data and
flow datz, Physical description data Ioncludes the following:

1. Womber ol pipes
2. Number of Junction polnts
3. Pipe data tor each pipe including:
a. Length
b. Piameter
C. Roughness
d. Minor losses in Che pipe
£ Pump type in the line
f. Junction numbers coonected by the pipe

4, Pump characteristle data 1lnput such as head wvs. flow data or
effective power data

5. Elevatlion of each junction point
E. Storage tank data including!
A Niameter of tanks (program assumes round tanks)

b. Heipht of tanks
C. Maximum and minioum water elevatlons in the tanks
d. Fipe numbers of pipe cotnecting the tanks to the systom

Available supply and demand are 1nput tuo the pregram thoough tThe
followling data CyYpes.

L. Flow demands on the system concentvated at each juncrion point

2. Supply flows avallahble at each junction point



3. Elevation of water in wells and starting elevations of water in
stuordage tanks.

The moedel has the capabllity of doing one time hydraulic simulations
to find the flows for a single set of hydraulic conditions or te de time
slpulations o dinvestigate the long time effecrs of wvarious opetratloen
schemes. Models uwsing both modes of vperation were developed in chis

srudy.



METHUDNS 0F DATA GAVARERD NG

The principle Iowvestigatlon methods epployed  in chis project wero
direct on szile inspections i Lhie Moaen wWaker distribution svsten and i
depth studies of as bullt drawings of the systen.  Upon arrival on ithe
island a -omplete inspection ol all abeve ground visual coempenents ol the
water system was made. Mr. Dan Patterson of ghe U5, KNavy Officzer in
Chrarge of Constructicn (OICCY wffice helped tir atrange for this tour and
was also invaluable in supplying ioferwation oo the syvstem.  The G100

office was: in charge of construction ol all the water systenm improvenent
canstruct on over the past 10 years. Thelr files proved to 2e a weallh of

informaticn on all aspects ol the watetr system. Interviews with afficials
from the “ublic Works deparlment and with other pubiic oificials were also
made to gather information on the system. CGovernorT Erhart Arfen was also

interviewed in order tuo get a better feel for the polltical and social
aspecktes nil the water gystem operation.

Afre: first establishing a feel for the complexity of the system and
the availibility of data te establish a model, it was determined that two
madels wauld be developed. The firsc model developed is of the Southfield
area on the south end of the island, This medel extends frem the T1..0.5.
church past The Continental Hotel apd op out tu the Wichap water tank ‘ust
past the Neawo schoal. This part of the system 1s fadirly easy to isvlate
from the rest of the system, and the usars are fairly well defined. Also
there are several new wells being constructed in this area, and ki the well
development goes as expected, this part of the system rould edslly operate
as a4 separate entity and probably have a 24 hour dependable water supply.
This systam is shown in Figure | whieh 1is contained in the back pocket of
this repo-t.

The second model that was developed is a model of the entire system.
This full =system model was developed to be used to help in predicting how
the system should be operated to take advantage of the availakle storage
capabilities. Thls model is not a complete system model because all of the
individual connections were nat identiiied, but the wodel still will be
usefiul in identifying operating schemes for using the tank steorape thar Is
ayailable in the system. This svstem 1s shown In Figure 2 which is
contained in the back pocket of this report.

An sccurate account of the oumber of individual ceomnnectlons to the
water system Im areas other than the Southfileld area was [mpossible to
ubtain. It may mever be possible to get an acqurate count gince Lf 1=
susplcicned that there are many 1illegal conmectlons plus many legal
rennoctions that were made by the puhlic works department are not recorded
[n any written record. The 0ICC office has a count of the tetal vumher of
priginal  connectloens  plus  the conpections installed  under  later
comstruction projects, but due to time constraints it was impossible to
completely piece together the tetal number of connectlions recarded even on
the OICL drawings.

Anpiendix 1 contalns a complete listing for the actual daca in the
Southfield Model. This Listing could be wused to reproduce the dara
required to run EPSA4.  There is alsa an aonotated listing which Thas
description of the input data. Sppendix IL contains similar listings [ar
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thhe model for the entlre system. A 3% inch IBM compatible disk containing
the above described data is available from che Warer and Enerpy Research
Imstitute of clhe Western Facific at the University of Suam.

The todels shown have not been calibrated zpgainst existing conditions
in the field. Because of time limitations and lack of adequate flow
wmeasuring equipment it was impossible to do any actwal callbratien runs.
One major use of calibraction of a water flow model is to fix the f{ricrion
coefficients for the plping system. Because most major lines In the system
are designed for very low velocities the frictlon laosses in these linee are
very small compared to  the pumping requirements nesded o overcome
elevation changes in the system so it is felt that calibration of frictiunm
loss coefficients is not needed.

The big calibration problems comes in designating how much water 1is
being supplied to users and how much leakage is taking place in the system.
At was mentioned earlier {t may be Llmpossible to determine all the systen
users without a house by house check to see who is being supplied by the
system, Future studies could be made to determine those connected to the
eystem, Ancther factor besides how many user there are is what quantitiesr
of water comservation is nearly unheard of, estimating individual water use
is nearly impossibla., One can make some assumptlions as to Iindividual use
ther let the wodel decermine how known supplies tend te respond to various
use patterns. Again further studies are warranted in the area of relating
water consumption, leakage and available supplies.

System water supplies are from numercus wells scattered throuwghout the
1cland and from a surface diversion from the Pow River Basin. Average
diversions from the Pou river have been estimated at 174 gpm (Austin,
Teutsumi, 1980). Of course these wvalues vary with season, Table 1 shows
estimated diversions from the Pou drainage. These estimates were made by
distributing the average of 174 gpm over the entire twelve wonth period im
the same ratie as the average monthly rainfall amount would be distributed
over the same period. Rain fall data was obtalned from the same scurce as
the average flow data mentioned earlier In cthis paragraph,

The other major source of water supply is ground water. Table 2 is a
listing of the ground water sources as of August 1985. A project in which
several new wells were helng drilled was underway at the time of the August
yviglt so information on all wells developed during this new project is not
available in the table. Because of poor recard keeping the data on mamy of
the existing wells could be erronecus. Many pumps have been replaced. The
dat:. shown {5 the best available information.



Table 1. THstribution of inflows to Pou River Cacchment

Percent Menchly
Eainfall In Month Inflow
Month Inches % Epm
Jan 7.0 5.33% 111.36
Feh 7.6 5.33% 111.26
Mar 7.0 5.33% 111,36
Apr 13.3 %.33% la4 88
Hay 13.3 9.33% 194,84
Jun 13.3 9,337 194 .88
Jut 13.1 9.33% 194,88
Aug 13.73 9,337 194 88
Sep 13.3 9,33% 194 .88
Mgk [3.3 9.33% 194,84
Mow 13.3 3331 194 .88
Der 13.3 9.317 194,88
T 142.5 1946-1983 Averapge rainfall

at alrport



Table £, Well and Pump data at Moen Island Water Svstem as of August 1983,

H.5. Ebv.
Deslred A
Well Ground Static Fumping eslred
In= Elw. W.5. Elw. Rate Fate Pump Pump Hotor
Izet feat gpm feet Type humtre e hp

1 Ta Berkley RALLS T.5

) 77 Berkley BALLS

3 110 Berklev 4ol17-1

L 10&

5 Abandoned

G Abandoned

v 2k -18 Barkley RALY ]

3 3%

9 28 Betkley Baly 7.5
10 12 Berkley HALY 5
11 Berkley LEL1T-1 3
1Z 21 -4, 7% Berkley CALN 5
11 38 Berkley EALS )
14 17 Berkley ALY 5
15 1% Berkley BALY 5
le  Abandoned
17 2L Barkley 4CL17-3 3
1B % Barkley AEL17-3 3
Booslar Faco le=-307% 14
TH+1 ko Well
H-2 25 3 -5
TH-3 25 21 M o Barkley  2IMGL1-20)

TH-L Yo Well
TH-5 i3 21 22 -14 Berkley  15MCO9-10
TH-& Xo Well
TH-4 - 40 B o0 =2 Betkley LOL1T-3
E3-1
2
* 3 17 L1 =17
4
5
a
I 23 0 -3
+ B 3 15 =5
q
*L0 ILH o -
11
12
L3
14

15



Fatle Mo ot Dnued.

Woko Bl
Mesiverd Ar
well I EUHIH Shatic Fumping Pesiped
| Dat [ R P T (N AT Late EaLe Punp Pymp Motor
jeat el Bpm {ret T Bumbs T hp
16
17
15
*19 1%
20
11
P
]
N R
*1h 15
*2h 20
*}7 0
*T R 12
wA A7
*0 149

These wiells ire in vacving stages »f development elevations shown are based on
preliminary cesting all pumps will mast 1ikely be Berkley CL17-3 walls marked
with % are probable as of August L9385,



COORDIWATTION WITH LOUAL OFFICLALS

T addicion to pathering data to develop a pipe system medel, cooe
time was spent talking to logal officials concerning the many difierent
kincs of problems that the present water system 1s experiencing. The major
aregés  that were discussed were; 13 high warer consumption rates, o7
paossible line leakage, 3) over production {rom existing wells, 4} improper
mairtenance of chlorinators, and 5} poar malotenance oi pumps and awxiliarcy
elecerical equipment.

& gwood desl f fime was spent with the water system operators in order
ta vodevarand just how the system was beilng operated.  Because demamis far
exceeded avallable sources the system iz presently operated on water hours.
Thizx means thac Tairiy complex aperating scheme is regquired Co move water
to variows parts ot  the svsten at wvarlous times of che day. The:
possibility of using an operation system modeil such as EPEB4 was suggested,
but presently there is no one emploved by the deportment whe is proficient
enough ‘o computer usage oar bvdraulics to make use of the model.

Bome L ime was also spent helpdng to o choose praper punps for the new
wells chat were  heing  Jdevelop. Simple hydraulic calecuiativns  wWere
performe:d b inswre that the hvdraulic characteristics of the chosen purps
matehed the reguivenents ol Llow snd head placed on the pamp by the water
distributivi =v¥stem.



FUTCRT STU0LVS

The development of a syster simulation model of the Moen water supply
syatem is reslly only the first step in helping to solve the many problens
that presently exizt In the water supply svstem. Future studies are aeeded
to Identif'y why the system is not working and to Identify some solutions to
the problems that are both feasible in 2n engineering sense znd also in s
palitical and =ocilal sense. Any future studies could include aoy af Che
following componcnts.

I. Set up the portion of Southfield as a model of how a water
distribution system om Mocen or fn fact anvwhere in Mlcronesin
could be operated,

1T. Make operation studies using the entire system model to identify
varilous schemes [or better utilizing the storage available In the
system and contlnue gatheripg informatien on all conpections ta
the entire water system.

IIT. Help set up a program where portlons ol the water system can be
tested for leaks and ovr 1llegal connecticns.

IV. Identlfy some wmeanz to cope with the =ocial and policical
problems sSuch &8s ertensive water overuse and poor  systen
malntenance,

v, Mevelop a manual to be veed by system desighers and water system
maintenance personnel 5o that the systems ate desigued to fiv the
sacial apd policical c¢limate af Micranesia and =so  those
maintaining the system have some idea how to operate and maintaln
the components of the system once Iinstalled.

Any or all of the first three items could probably be accomplished
with some degree of confidence given adequate on Island time. Item 4 would
ba cthe most difficulc re accomplish buet this Irem 1s probably the key tao
any reallw measurable improvement of the Moen system. The Mogen systen 15
probably representative enough of ocher Micronesian systems that 1f these
problems could be solved on Moen the systems of other Micronesilan Islands
could be Improved with similar metheds. Paor maintenance and the lack of
any indiv-dual water conservation practices are the major problem with the
s¥ystem. These two preohlems are difficule preblems teo solve and ik 1s
essential that the problems are salved within the political and seeilal
structute ol rhke island if the sclutions are to be a long term suvcess.
Item 3 wonld be mest helpful for those whoe will be working on any hew water
aystem designs in Micromesia or tor those whe are trying to waintain the
Present sy sLems.

4 short description fur each of the projects described ahove s
contained in the following pages. The mest effective project would he

project IV dealirg with social avd political aspects.  Frojeat T would
require ertensive cooperation {ram the public works department and ii Chelr
cooperation could not be guavanteed the project would fail.  This project
would do wmuch to {1lustrate how a system could be operated and wouls go oa

long away In  educating the pesple on the positive aspects ol wabuer



coniervition., Projects DD and 77T are probably nexte oon the priocity lisc.
Thes: wougd  equlre wvafenslve on island time to he fruitful,  FProject 7
coudbd he o sravred o evep withoot ooy more om Jsland s=tudies. 17 the resalls
of broiect 1, 0l and especialiy IV ceald ke used in this prolect the
resiw!bing rmamoa. wen bl he sonettiing that could have s real impact on the

desien ond voerabice v water oyvsters D icrornesia.



FROTELST I

AUTHE LLED MOLEL
WA Tk GISTRLSTION SYSTEM

The particen of che Moen wacer distributicn system that s lucated in

the Svuthlield sres is constructed v such & manner that 1s can be caslly
isolated trom the rest ol Che Mocn laland water distribution system. Thi
system, which excends from  the l..ll.5.  church oo around  past the
Continental Hotel to the Wichap Tank is all of relatively new construction

and it is falrly easv tu identity al! wsers. This part of the system also
contains the sites of several new well projects for the water system.
Because rhig part of the system has o good water supply and an easily
fdentiiiable group of wsers it i« felt thze this part of the system could
be targetwd to show how an fslund water systen ¢ould be successiully
operated.

The ldea for this project was wriginally concelved by Dam Patterson of
QICC. Thnis project wos discussed with Governor Erhart Aten. He was much
impressed with the idea and pledged Tis =upport of the project. The key
polnt to uhis project [s that watet use at edch water connectlon in the
Soputhi [eld area will be olasely menitered. Farh rconnection will be
provided with a meter and a control valve to regulate the flow rnf water to
earh individual commection., The wvalwve boxes will be Iocked to prevent any
tampering with the valves by unautherleed persons.

The first siage in the projecc will be to sinply monitor the water use
patterns =f all of the users. Flows would be chaecked at least thres times
a day to get an accurate record of total use and the tilme distribucion of
this use. This data will be evaluated and some poal consumption figures
will be developed.

The zecond stape of this project will ke to rrack down those users who
are using mure than their fair share of water, and to Testrict thelr use by
closing thelir supply wvalves. To this way the water mecering will not be
used for hilling {which failed 1in the past) but oply 25 4 means ol
determing use patterns and to identify high use areas. The exlsting
Southfield computer model will he operated in long time siwulation made tao
help in wobtaining the desirable use levels needed for the sucrcessful
completior of the first stage of this project.

Once the system is operating properly the third stape af the project
will begin. This will be primarily a public relations efforc. Radico
anrouncemént would be made describing how and why the Southfield srea is
able to have a dependable 24 hour water supply.  Water conservatlion
practices would be advertised as a poal ifar all in the system. It Is
belisved that 1if success can be shown in this area 1t wmay lead to the
possibility of sucvess In conservation practice on the rest af the island,

The success of this project will depend on whether the public warks
department will he willing to do the rtequired werk tu provide the metearead
and walved coanections at each hookup. [t is believed that there 1s an
adequate number of meters and valves available and only labor will be
required o carry gut the project. Tdeally the project should be initiated

=1
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in cooperation with Truk state, The meters and valves should be ipstalled
tefore anyone making the actuwal study arrives. Actual time on Island would
probably range lorm 3 to 5 weeks depending how much cime 1s spent on the

public relat? ps stage of the project,
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PROJECT LL

OPERATION STUDIED OF
MOEN [SLAND WATER DISTRIBEUTION
SYSTEM ANDF CONTINUED GATHERIKG OF
WATER SYSTEM CONNECTION DATA

This project is simply a continuatdon of the work that was bepgun in
August 19B5. The total system model will be operated in long time
gimulacion mode in order to study various schemes for operating the sy=tem.
At present the capabilities of the entire storage available are not used.
The long time sloulations will be used to identify how the system could be
operated to best take advantage of the existing wells, pumps and storage
tanke 5o thar the system can be operated with a mipimum number of no water
use hours durlng the day.

Inad:quate time was avallable ta gather all the required informatlon
on connec:-ions for the entire system. The contilnuation of this work would
invalve extensive use of the water system as builre that are currently inm
the possession of OICC. Contacts with Truk State Publie Works would also
be necesssry to find any connections that were made after the water supply
projects wers completed. An essential part to this work would be the
availabilicy of the water system as builes. These as buillts will be mover
from Truk when 0ICC office on Truk is cleosed. It is essential for thils or
any other project lnvalving the water system that the as built drawings are
not lost. This particular projects would be a good justificarion for
researchers to gain access to the as builts sa that coples could be made
thus preventing the loss of these valuable drawlngs. Depending of where
the as built drawings finally end up, a trip to the Trust Territory Offices
in Saipan might be required. The entire project would prokably take 3 to 4
weeks depending on the cocperatlon of the public works department.

Upon completion of this project the entire system could be modeled and
various schemes of water conservation and operatien could be studied to
find practical selutions to the problems belng ayperienced by the present
water distribution system. This project could easily be combined with one
te the other projects in the list.
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PROJECT 111

LEAK AND ILLEGAL OF
UNENOWN CONMECTION DIRECTION

Oog comman reason given failure of the water distribution is leakage,
In some places 1¢ is rather obvious that leakape 1s cccurring, but oo one
nas rveally substantiaced all the leakape problems that have heen reported.
What is needed is a4 methodlcal means of determining when and where leakage
iz occurring in the gystem. The entire svstem is well equipped with valves
and 1t weuld be faivlty easy to isolarted individual sections of the svstem.
after each =section is 1lsolated 1t could be charged with one of the local

fire temecks. By conpecting the fire truck outpur ta the Ifne Ehrough a
water rneter dany flow afrer the inicial charging couwld ke accounted for as
ledki e, For this method to work all house connections would have to be
shut fr. Sunle leak detectors enuld be used to pinpoint actual leakapge
lecativis, Thiis mefhiod would also work well in uncovering any illegal or
amknewn contectiees to the svstem.  Again this project would require full
sagperation ol rhe Fublie Works Department. 1 think this cooperation could
Yoo obtaleed it proper coordinatton of  the project was made with che
tevernar's o of fdec. In arder fo fest the entire system properly several

wepns 0l work would he required. This project would be a good one to
votine with 2ioject TT above if adeguate Junding were available.
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PROJECT IV

POLITICAL AND SOCIAL
SOLUTION TO WATEER SUPPLY
DISTRIBUTICON ON TRUK

The biggest factor effeccing the inadequacy of rthe present water
supply syutem wae the designers failure to adequately design the system In
tegard to the social and policical climate which the system must operate.
At this point in time there are probably several englneering solutions
that need to be explored. These have been mentipned in Project T thru TII.
The politlcal and soclal ramifications of any engineering sulutions that
are developed need to be explored to be sure that any particular soluticn
has some chance for success. Experlence has shown that what appesars to be
obvious engineering solution may fail milserably due to the secial and
political structure of the Taland.

It iz proposed that a study be made that would invelve both an
angineer and a scciclogist and or pelitical sclentist. The engineer must
be familiaur with the water distribution system and with posslble selucions
te the water distribution system's shortcomings. The soclologist and or
political scientist must be familiar with Micronesia and the Microneslan
customs, cultures and policlcal atedtudes.

A study would have to be made of water use patterns ovo Truk. This
study would look at both guantities of water and people’s attitude toward
warer consumption. HNext the affect of different repulation schemes would

have to he explored. II water use mwst be regulated then a system of
regulation must he developed that wil] fit in with the social and political
atructure of the Lsland. 4 clase working retatiomship hetween the

socioluglut and or political sclentist and an cnginesr would De neccssary
to insure that the solution would be Feasible in both the engfocering and
the socla and pulitical senses.

The last phase of Ehis project would invalve working with governmendt

officials to actwnally implement the plans developed. Just providing a
report sugposting pessible changes would prohably he much less ellective
than actvally werking with governmental wificials in making the water

system a wiable efficlent water supply sysien.
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PROIELCT W

4 MANUAL FOR DRSLGN AND
MATNTERANCE OF MICRONES [AN
WATER SUPFLY AND DTSTRELBUTION SYSTEMS

This work is seen to be ¢he culmination of the Ffour previoge
described projeects. The data collected, and the results of the mode | ing
cffects, model system demonstration project, aud social and political
congerns projects would all be integrated together In this final project.
A copprehensive panual for design and paintenance of water supply  and
discribution systems would be developed,

This manual would make those designing water distribution systems ip
Micranesla aware of the very unique conditlons that occur In Micronesia so
that they can do a better job of designing new systems or in renavating
existing system=. The wmanual would alaso be helpful te those maintaining
exigting systems.



SIMARYT AND CONMCLIISTORS

The Maen Tsland wacer distribution svstem is ane plagued with mane
problems. The water system does not serve 16 ousers om o4 repoular 24 hour
basis in =spite wi what appears to be ar adedeate supply. Thete are
problems of low pressures, water leakage, user overusce, and the inahilicy
of the svstem to take advantage of existing storage capabiiity.  HBecause
water delivery is not centinueus same parts of the svsbew uvndergo nepgsrive
pressure which can lead to wvariows sanitation type preohlems within the
aysRtem. water distribution models can ne wsed as planning towls o locate
areas of high cobsuoption or leakage and ta develop schewes far sysren
operaticon that might slleviated some of the problem with the existing Moen
Island water svsbem.

The rtesults of this study was the development ol two water systen
models of the Moesn waCer distributlon system. The [Lest mode! 1s of the
Southiield area on the southern end ol the Island.  The medel 15 very

comprehensive including al!l Individual water services and all the major
componenrs of the southern end of the water distribution system. Because
of tilme constraints, 1t was 1Impossible to  develop a  completely

comprehensive model of the entivre island water distribution svstem, so =
simplified model of the entire system was developed. This madel would by
useful in decerming which strategies to use to hest urilize the available
storage and water supplies.

This repayt cantains a  brief description of the EPSEY  water
distributivn system wodel that was used to simulate the Moen !gland water
system. A description of the mathemaclcal procedure uwsed to soive the
complex sivstem of equatlons and a description of the required data to
develup the model is presented. Both a raw and annotated listing of the
data regalred to run the twe medels developed is contalned 1n the
appendices of this repert. Sketches of both the Southtield and entire
system model are also provided.

nevelopment of the twe water distribution models 1s only the first
step in solving the many problems experienced by the Maoen water syslem.
The report vontains detailed description of five stedles which would do
much te solve the many problems presently being experienced, Fufure
studles :nclude wperarional studies using hoth the Southfield and totzl
system models. Studies to identify leakage in the system and studies (o
ihvesrigate the soclal and political aspects of water system operation in
Micronesia dre alan sugpested.  The culminatlon of these future studies
wetld be a manual for designers, operators, and governmental ofiicials who
deal with the design, construction and operatfieon of water distribution
systems in Micranesia. This manval would help £n cure problems in existing
s#stems anl to  alleviate future prablems throcgh  proper  deslpn,
construclion and operaticn techniques.
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SOUTHF ELD WATER DISTRIBUTION SYSTEM MODEL ANNQTATED DATA FOR ESPAL MODEL
{continued)
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ENTIRE WATE= OISTRIBUTION SYSTEM MODEL ANNOTATED DATA FOR £P5A4 MODE.
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ENTIRE WATER DISTRIBUTION SYSTEM MODEL ANMOTATED DATA FOK ZPSHE4 MODEL
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