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Abgtract

ln spite of adequate input water to the modern water distributicn
syatem of Kolonla, Pohnpel, substandard quality water i awvallable to
consumers for only a few hours per day. The implewmencation and
continuation of water hours {n a placre where rain pours, often all day
long, and where streams gush with the resulting runoff, frustrates not only
the government but tiie pecple as well. Previous studies Indicate certain
technical flaws i1in the system, such as system leakage, nonefficlent
operation of the system and inappropriate comsumer behavior and attitudes
toward water Use.

A hydraulic model of the Koleonia, Pohnpei, water asystem was developed,
This model characterizes the geometry of the system as well as the existing
operation of the system. From this model the best system operacion, a&s
well 25 the pressure and flow in each pipe of rthe system, can be
determined. Also, this model can be used az a tool fer leak detection and
prediction of flow and pressure toward additional pipes.

Development of a water distributlion model is omly the first phase of
solving the many problems with the Pohnpel distribution system. Future
studies for improvimg the water system are required, such as: 1) a tralning
program for all levels at the Department of Public Works 2) a metering
program, and counting the legal and 1llegal connections 1in Kolonla which
determine the actual consumer usage and required water for the Pohnpel
system 3} repalr and maintenance of the leakage in the system &4} providing
additicnal sources of water and 5) a public education program about the

waFeYy ARvstem.



Contents of this publication do  not
necessarily reflect the views and policies of
the United States Department of the Interiocr,
nor does mention of trade names or commercial
products constitute thelr endorsement by the
.5, Government,
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INTRODUCTION

The state of Pohnpel (Ponape), Capltal of the TFederated States of
Micronesia, is one of the Easternm Catclline Islands of Micronesia in the
northwestern Pacifie. Pohnpel iz approximately 500 miles oorth of the
equator, 1,950 miles sourtheast of Japan, 2,200 miles east of the
Philippines, and 2,575 miles southeast of Hawail, as shown in Figure l.

The 1sland is roughly tenm mlles in diameter, with a total land area of
110 square mliles. Pohnpel is divided intv six municipalicies; Kelenia, is
the seat of the state and national governwents. Figure 2 shows the
location of Kelonila,

Fohupel is well known for its high yearly ralnfall. The interfior of
the 1sland 15 estimated to tecelve 400 inches of rain a wvear while coastal
zones receive an average of 190 incheg a vear {Vander Brup, 1984},

It would =eem that there isn't a water rescurce problem in Pohnpedl.
In one =ense the forepoing sentence 1s true. The high anoual rainfall, and
a predominately steep, basaltic geologlezl substrate, produce cbundant raw
water yvear—round. But the avuilablliev of protable water 1s quite ancther
matter. This causes the Pohnpei state government Lo restrict water service
to a few howre during the morning and evening. The prebleme which have
been suggested before are as follows: 1) techmical difficulties with the
water distributicn system such a2z leakage, inadéquate maintenance,
untrained personnel to operate the syster snd improper vperatlon of or lack
aof understanding of the distribution syatem, and 2} consumer attitudes and
behavior, specificaliy, {uappropriate water use habits which result ino
excassive water consumption.

A dipital water distribution system model which is used to predict flows
and pressures at diffevent points in an actual water BUPRlY SYSEET Wur
developed to improve the operation pof the Kolonia water system. A fully
developed system model, with accurate input data can be wvsed to identify
areas of leakzge and to define new operating strategles for wore efficieut
ayutem operatioen. The purpose of this study was to c¢¢llect information
about Kelonla's water eystem as accurately as possible and to construct a
digital medel of the water system, which weuld help the ¥Fohinpei Deparvtment
of Publie Works in improving the opperation of the water system.
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OBJECTIVES

The scope of this prolect was to develop a computerized model which
would characterize a8 water distribution systewm serving Kolorlia, Fohnpei.

The primary cbjectives were to:

1. Gather the hvdraulic data required to develop the syscem model.
This informacion includes:
a. Piping system lavout, including size, location, and roughness
of the pipes in the system.
b. Characteristies of pumping stacions and storage reservoirs.
¢. Timing and gquantitie= of demands on the aystem.
d. Nature and availability of the water supply,.

2. Develop the digital model using field-measured condicions and
reviewing as bullt drawing maps of the asystem.

PREVIOUS STUDTES

A& number of studies have heen done in the past on Pohmpei's water
distribution system. Some of thease studies, which gave a better
understanding of the existing system were Teviewed; the others were listed
in the reference.

Juan C. Tenorlo and Thowmas J. Davis, Inc. (1980} did a joint wventure
water resource development plan study. Thelr econclusion was that the
system 18 operated In a less than desirable wmanner and is poorly
maintalned., Large amounts of water are lost through leakage and outrighc
waste by consumers. Alsc, the populatlion growth rate appears to be
exceeding that of the projection made in 1968,

Barrett, Harris & Associates Inc., (1983) did a leak detection study of
Pohnpei's water saystem. This scudy measured flow in various water line
sectioms, and Included sound readings ont water lines wusing electronic
instruments. It was found that there 1g a significant leakage and water
loss problem In the Kolonla water system, which results din a higher outflow
than inflow teo the gystem. The Implementation of Twater hours" is
neces=sary to coptrol distributiom losses, The authors recommended that
vater conseTrvatlon needs to be encouraged on am ipdividual househeld bagis,
and that distriburion system leakage and water losses, through househeld
plunbing, need to be identifled and guantified on a system-wide bacis.

OMI Imc., (1l986) reviewed the operatlon, wmaintenance management, and
capabiliities of the Pohmpei Public Works Department related to the water
saystem. They recommended that 1)} by reducing leakage and development of
new gsources, the water hours can be expanded, 27 cthe system needs
conpiderable maintenance, 3) the guallty, quantity, and pressures of water
discributed to customers need to be monltored, 4) the adequacy of the
existing facilitles to meet future demands needs to be determined, and 5) a
training program for system operatlion, malntenance and supervisiom 1is
required.



The use of a digital distribution model for Pohnpei's water system is
the first of its kind, but this digital model has been widely adopted by
engineering consultants and researchers (Jefferson 1977, Walsh 1983).

DESCRIPTION & CHARACTERISTICS OF THE EXISTING WATER SYSTEM

The present water system on FPohnpel developed over two distinct
administrative perieds:

The period of Japanese admivistration {1914-1940). The first modern
water distribution system was built during this period. The system
included: diversions on several streams and rivers, a small treatment
plant, several concrete storage tanks, and a transmission network of mainly
galvanized iron pipes.

The pericd of administration by the United States under the United
Nations Trusteeship cof the Pacific Islands after World War 1I. Beginning
in 1968, under several contracts administered by the United States Navy's
Officer in Charge of Construction (OICC), an expanded and modernized water
distribution system, consisting of intake, transmission, treatment plant,
storage, and <distribution facilitles, was developed. Several of the
facilities constructed by the Japanese were retained and integrated into
the system. These tasks were completed by OICC by 1976. Since then, the
Pohnpel District Department eof Public Works (DPW), wunder the districr
adminiscration of the Trust Territory Government, became involved In
constructing new water limes, for providing service to areas not covered by
the Japanese and U,S. Kavy-censtructed systems.

EXISTING WATER SYSTEM FACILITIES

The existing water system facilities are shown in Figure 3 arnd
include:

1. A diversion dam and primary settling tank located on the Nanpil
River at an elevation of 340 feet above sea level.

2. Transmission lines with 2990 feet of lé-inch ductile iron and
12,180 feet of 12-inch asbestos cement pipe sections, The t(rans-
mission lines consist of 13 alr-relief valves.

3. The Nanpohnmal Water Treatment Plant (WIP) which includes a
300,000 gallon settling tank, five sand bed filters, two 750
gpm {40 hp) pumps, a chlotination system, and a 30,000 gallon
clearwell. Recently, twe flow meters, one on the inflow, and the
other on the outflow, pipe at the WTP have been installed. They do
not operate properly (according to recent flow measurements). The
elevation at the WIP 1s 265 feet above sea level.

4. TFour steel storage tanks, three with capacities of one million
gallons each and one with a half-million gallonas of storage
capacity. Presently one of them (Ipat tank) is used. The Sokes,
MNanpohnmal, and Hospital storage tanks are not used because of
inadequate water in the system.



51-

A distribucicon system of galvanized jron and asbestos cement pipes
with sizes ranging from three inches to twalve inches in diameter.
Fohnpei's water syatem covers the area from Manpchmmal to  Sckehs
Island to Keolenia apd to Wett (Flgure 3}. It covers approximately
2 square miles.
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ATER SUPPLY SOURCES

Surface sources

There are two surface supply sources, une majer and one miner, serving
the existing Pohnpei water system., The major source is the Nanpll River.
The dam and intake had a mnormal capacity of 2.2 million gallons a day
(mpd} . However, due to poor maintenance of transmission lines, and also to
draw- down of flow of the Nanpil River, the intake at site divert is 3.0
cubic feet per second (cfs), or 1.%4 aogd of tlow. This amount of flow 1s
available 99 percent of time as shown Iin Figure 4, The sumrary of exlsting
facility capacities is shown in Table 1. The raw water flows to the WIF by
gravity. The estimated total average flow to the HWanpohnmal Treatment
Plant is 1.70 mgd.

The minor source of surface water is an infileratiom gallery on the
Danen (Tdwamwu} River above PIC High School. This watetr is chlorinated
only and enters a lime leadimg to the Nett area and the Hospital. The
capacity of the pump on this source 1s estimated to be 150 ppm. Recently,
due to possible pollution of this source, the DPW is not using water Irom
this source unlese an emergency arises.

Ground water

Presently DPPW Is looking to find other water supply sources such as
ground water, This Interest mostly is based on the availability of gpround
water to the main pipeline (Hespital line), which is less expensive
compared to improving the intake structure and transmission lines at the
Wanpil River.

The system presently has two wells (K-1 and K-2) 1in which pumping
rates are 105 gpm for K-1 and 110 gpm for K-2?. The lecations of these
wells are shown in Figure 3. Pump and well characteristics are shown in
Table 7. Tt is anticipated that at least % wells will be operational wpon
{nstallation of pumping equipment in FY 1967. The current estimated
combined average sustainable yileld of the developed wells 1s 0.3 mgd.

OFERATIOE OF THE EXLISTING SYSTEM

Daily 1.94 mg draw from the sediment box at the Kanpil River o Water
Treatment Plant (WTF} by a 15,170 foot trransmission line. The raw water
discharges into a 300,000 gallon conerete primary settling tank at WTF.
From the setrling tank, the raw water {15 fed to five sand bed fllters.
From these filters water flows into a small 10,000 gallon clear water well
through twe separate lines, a & and a 12 inch. A chiorinator 1s connected
only to the 12 inech line leading to the clear well. Mixing of chlorinated
and unchlorinated water occurs at the clear well. From the clear well, two
12 inch pipes carry water to the Kolonia water distributiom system. The
twoe lines tum parallel for a shert disvtance hefore parting in separate
directions, one leading to the Ipat stordge tank and the other to Hospital
line. ilse, the two wells E~1 and X-2 feed into the Hospital line.
During the water hours, water from WIP and wells feed the Hospital lime.
In off-hours well K-1 and K-2 feed this 1ine in order to keep water in this
line for 24 hrs.



Tabla 1.

SUMMARY OF FACILITY CAPACITIES

10

*
REQUIRED CAPACITIES(MGD)

DESICH EXISTING YEAE
FACTILITY CRITERIA CAPACITY EXCEEDED
(MGD}
1980 1983 1990 1995 2000
Maximum Day + 2.2 1576 2.7 35 4.7 6.3 B4
INTARL Industrial Use 2.7 3.2 3.8 .6 5.h
TEARSMISSION Maximum Day + 2.0 L1275 2.7 3.5 4.7 g.13 3.4
I.IKE Industcrial Usa 2.7 3.2 3.8 4.6 5.5
TREATMERT Maximum Day + 3.14 1983 === 3.7 4,7 6.} B.&
FLANT FILTERS Induatrrial Use —— 3.2 .58 4.6 5.6
NISTRIBLTION Fire Protection + 1.5 1988 —-_—— —-_—— 3.7 a. 5.5
RESERVOIRS 507 Day Demand 1990 ——— . o~ 4.1 4.8
DISTRIRUTION Peak Demand 2.85 1672 4.8 6.4 8.6 11,4 5.4
MATNS 4.8 5.8 6.8 B.2 10.0
Fire Protection + 2,85 19583 —— 3.1 3.7 4.5 2.5
50% Average —— 3.0 3.5 4.1 4 B

Day Dewzand

&

Capacities shown are upper & lower bounds of the probable range

fer the indicated vears {Juan C. Tenorio and Agsoclates Inc. 1980)
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Table 2,

LISTING & STATUS OF MAJOR PRODUCTION WELLS
KOLOKIA WATER SYSTEM

WELL GROUND WELL FUMP USEFULL PUMP DATA DESIGN
NO. ELEV. DEPTH MODEL POWER {h.p.) SETTING RATE DD ThH
FT. # FT. GMP FT. VYT.
Grundfos
K-1 155 297 SP 16-8 7.5 200 B8O 143 270
K=2 145 260 8P i7-6 10 150 125 80 23c

4 to 6 additional wells to be drilled under contract recently awarded.
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There are four =steel storage tanka In the system (mentioned earlier)
which recently Ipat storage tank is in used. The Bokhes and Hospital
Stovape Lanks are not In use hecause there is not enough water in the
system. Wanpohmal storage tank is used for back-washing of the sand
filters ar the WTV, There are two 40 Hp punps at the WIP; one is used for
pumping water to customers at Nanpohmal areas and the other 1s uwsed as a
stand-bv,

Hormal =ervige to customers is frem 5:30 to 9 a.m, and 5:30 to % p.m.
each day. Cpening  and clesing of the system invariably involves
manipulacing some gate valves atd diverting woter from one area to others.

NESCRIPTION OF COMPUTER MODEL USED

The cowputer program wsed 1n thils project 15 ome of a serles of
compulerized plpe network programs developed by Dr. Denald J. Wood of the
Unlversity of Kentucky ar lexington, Kentueky. The program that was used
iz operational on an LBM personal computer with title FEPS84. This
particular pregram has been superceded by a mew program called KYPIPE.
Complete program manuals and pregram documentaticn for all of the pipe
netwark programs developed by Dr. Wood are available cthrough the Civil
tngiueering Software Center at the University of Kentucky (Wood, 1985).

GENERAL DESCRIPTION OF PIPE NETWORK FLOW EQUATLOWS

All pipe network models are reguired to solve 3 system of simultaneous
ncelinear ard iinear equations with flow in each pipe as the unknown
varlable. The linear equations are developed by applying the continuicy
eAuatlion (inflow must equal outflow) co the pipe junctions in the system.
The nonlinear equations are developed when the head Iosses due to pipe
iriction are analyzed aroupd the closed loops in the system. The sum of
touses arouwl each cleosed loop wust sum algpebraically to zero. $Since head
lTosses in pipes are a unenlinear function of flow in the pipe the loop
equations are nonlinear In nature. The svstem of linear and nonlinear
equations rcannot be scolved by conventional wmethods of solving liuear
eqguatiowms. The two most popular techniques for solution of these eguncions
is the Hardv Crogss and the linearization methods.

The Hurdy Cross method requires that flows be assumed {or each pipe
that satisfies the continuity equatlon at each junetion polnc. A set of
cervreccor equations are developed for each loop 1n the syatem. These
corrector vwalues are the change In flow required te force the nenliuesr
loop head loss equations to go to zero, Adjacent loosps contain common
plpes aud computed corrcctors for one loop  would noet normally be
appropriate for the adjacenc laop. Te handle this problem, anm ilteratiwve
technique 1s developed and s serles vf correctors are computed and applied
tu previously vsed flow values in 2an iterative faghion until the corrector
value 1s very small compared to the actual flow value computed. The
vomputed correctors are applied In such a fashiou to maintain continuity of
flow at each junction so that the final corrected flows sarisfy borh the
continuity equation and the loop head loss requirements.
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The linearizatlion scheme is slightly different than the Hardy {(ross
technique. In the linearization scheme the nonliner locp equations are
linearized in the following fashion. The loop equations take the form:

n n n n
k@ + 1,000 + k@™ + Lk (@) = 0

{One equation for each closed loop}
where: 5
k=f=*1 % 0,02517 / DO Darcy Weisbach equation

4.86% H1.85

k=1L % 4,745 / D !/ C Hazen- Willians equatiorn

k = head loss coefficient involving diameter, rougbness and
length of pipe

f = Darcy Weigbach Fricrion Factor

I. = Length of pipe (feet)

D = Diameter of pipe {feet)}

CH = Hazen Willlams roughness coeff{iclent
G = ¥low in each individual pipe

n = power term depending on the head loss equaticn used
{1.85% for Hazen Williams, 2.0 for Darcy Weisbach method)

m = Pipe number
The junctien continuity equaticns take the form:

Q =0

(One equarieon for each of (N - 1% junctious)

where:
N, = flow 1 into or out of the junction. May be a pipe

flew or externn]l demand or supply.
N = Total number of juncticns in the system

The next step In the process is to linearlze rhe nonlinear loop
equation. This dis accomplished by rewriting the lcop equations in rhe
following form in order to get each unknown pipe flow wvalue to be cto the
power of unity:

1

n-1 n-1 . n-
* . ! * : * -
kl(Qtriall) Ql + kzkﬂtrialz) QE + ...km(QtrLdlm) Qm Q

{ONE equation for each closed loop)
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The atove linearlred logp equations are combined with the linear
Juncrlon equuatiens te farm 3 set of simultanecus linear equations that can
be =solved by conventlonal matrix means, An iterative technique is required
though, hecause the values of § trial are not known for each pipe. The
trial walues must be equal {or very close to equal) to the values
resulting from the solucion of the simultanesus equaticns before the
correct selution to the flow aystem 1z obtalned.

The idterative technique iovolves first assuming pipe flows in the
systems, Jome schewmes vall {or uvsing a flow value of | where other schemes
compute flaw valwes in each pipe hased on a reasonable value of wveleccity,
say & frt.fsec. {1 wmfsec,), Using these trial wvalues, the simultatiecus
equations are solved resulring in a set of C wvalues for cach pipe. These
values are compared to the previously assumed trial O values. If the
vhange in ()} is very small in each pipe then the correct solution has been
uhtained, T the change of @ is above some preser limit ther another
iteration is required. For the next iteraticn, new trial Oz are computed
by averaging the previous rrial @ for cach pipe with the § just compured
and c¢olling this the new trigl . The iteration procedurs ie repeated
untill the requircd accuracy hetween triul and computed ) is obtained.

The pregram nused In this study uses the linearization technique
gdescribed  ahove, The program  has methods for inputing wminor less
coefficients (losses due to pipe fittings) and methods for establishing
tanks and pumps Lo the system. The procedure for adding these features
Follows is much the =same as that uvsed for linearization of the loap
egquallions tor pipe frietion. The manual for the pregram covers these
opLivns in detail (Wood, %801,
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MODEL INPUT DATA

The computer model handles all the linearization procedures Iinternally
and all that is required is an adequate geometric description of the pipe
system and an accurate list of demands and supplies to the =system., The
data requirements can be broken down into physical descriptien data and
flow data. Physical description data include the following:

1. Number of pipes
2. MNumber of junctiom points

3, Pipe data for each pipe including:
a, Length
L. Diameter
c. HRoughness
d, Minor losses in the pipe
e, Pump type in the line
f. Junction numhers connected by the pipe

4. Pump characteristic data input such as head vs. flow data ox
gffective power data

5, Elevation of each junction peint

. Storage tank data Ilncluding:
a. Diameter of tanks {program assumes round tanks)
b. Height cof tanks
c. Maximum and minimum water elevations in the tanks
d. Pipe numbers of pipes connecting the tanks to the system

Available supply and demand are ipput te (he prograr through the
following data types.

1. Flow demands on the system concentrated at each junction point

7., Supply ilows available at each junction point

1, Elevation of water in wells and starting elevaticns of water in
storage tanks

The model has the capability of doing one-time hydraulic simulations
to find rhe flows for a single set of hydraulic conditions or to do time
cimulations to investigate the long-term effects of wvarious c¢peration
cchemes. Models using both modes of operation were develeped in these
study.

METHOD OF INVESTIGATION AND DATA COLLECTLION

The principal investigation methods used in this project were: a) site
{nspections of the Pohnpei water distributlon system, b) srudies ol as
built drawings of the system, ¢} field measurements, and d) interviews with
jocal officials handling the management, operation and malntenance of the
system. After completion, the hydraulic model was calibrated by measuring
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the pressure at fire hydrants. Several trips were made to Pohnpei, during
which all rpreviows plans and reports were reviewed, Several flow
measurement statfons were egtablished, arv which flow was measured each
trip.

The data cullected were us follows: Ttem 1, physical description data,
s mentioned before Pohnpei's water system (consist of pipes which) were
installed by OICC (early 1970's), the Japanese pipeline, and plpes
Installed by DPW. By reviewing the existing waps complete infermation
about size, length, and location of pipes which wmake up BO% of the existing
vvstem were obtained. The pipes builr by the Japanese, making up about [0%
af the system were, lgnured since there 1s no informatlon available. The
pipes which were built by DFW lLave not been recorded. Size and location of
these lines were surveyed during field dnvestigations. As a first attempt,
the map uf the distribution system was constructed. The lavout of the
system was coded in a form acceptable te the EYPFIFE computer program as
shuwn in Figure %. There were three PRV's in the system which two of then
arg in aperation. The pressure as mentioned on place was recorded.
Fressures downstream of these walues were measured and the fimal pressure
on PRY wus adjusted, which is recorded {n Appendixz I.

It must he remembered that the model 1s a "skeletal" model Iin that 1t
does net include every pipe in the Pohnpel system, but only the major
lines. Thu=s, most of cthe smaller peighborhood lines have been omicted.
Heveral] pavrazllel pipes may be represented by a single large pipe.
Similarly, withdrawals of water by users located In large areas may be
considered to occur togetcher at a single node,

Item 2, water use (flow demand) at each node was calculated as an
accurate account of the number of individual connectioms to the water
s¥stem was Impassible o ohcailn. It may never be possible tn get an
accurate account sinece there are mwany 1llegal coonections plus. legal
conpections that were made by the Department of Public Works that ware not
recorded. Also there are many leaks in the system, making it impessible to
compute the exact demand of the syetem. The DPW has a ctotal of 1684) meters
in the svstem (as of Kovember 159E6) which are located in & areas, as shown
in Figure 5. Total water input to the system is 1.9 mg per day from the
Nanpohnmal reservolir and 0.3 mg per day from twe wella. This flow was
divided between nodes in Figure 5 by considering the number of meters in
edch area. The detrands at each node were caleulated for 24, 8, and & hours
as shown in Table 3. Since the water service 1z four hours in the morning
and evening except the hospital line, the 1input data for each nodes were
chosen for 4 hours demand.

[tem 3, the required data for an extended period s=sipulation, was
obtained from the existing operation of the Pohopel water system. Appendix
U amd 11 contaius a complere liszring for the actual data of the entire
system. A& 51 Inch IBM compatible disk comtaining the above described data
fs avallable from the Water and Energy Research Institute of the Western
Facitic at the Universgity of Guam,



Table 3

DEMAND-FLOW CALCULATIONS

AREA NQ. OF WATER NO.OF GPM GPM GPM
METERS NODES 24 hrs/nodes 8 hrs 4 hrs

RO?2

ROl 517 37 11.88 35.64 71.28

RO3 253 16 13.44 40.32 BO.64

RO4 &

ROB 221 6 31.31 93,93 187.86

RO5A 99 7 12.02 36,06 72.12

RO6 26 1 22,10 66.30 132.60

ROSC & D 158 12 11.19 33.58 h7.l6

RO5E 96 7 11.66 34,97 70,00

RI1OA & B,

R0O? & RO9Y il 3 46.07 138.21 276.42

Total Water Meters = 164l
Total Water Input = 2 Million Gallons Per Day
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SUMMARY AND CONCLUSION

[n spite of an existing modern water distribution system in Kolonda,
Capital of Pohnpei State, people are on water hours. This unconvenient water
service 1s due to many problems which exist, with the Kolonla water system.
These problems include low system mpaintenance, non—efficiant systen
operacion, and noe trained personnel to operate the system. Also, the
attitude of consumers toward water distribution system in which cantributes
to the causes high consumpcion rate.

In order to improve the operation of the Kolonla water avatem, a
vomputer mode: of the entire system was developed. The computer model 1=
very comprehensive, iucluding the phyaiecal description of water
distribucion system, flow/demands as well as extended time simulaticn.
This model, which 1= able to caleulate the pressure and flow at each pipe
iIn the svstem, can be wseful iIn determining the different operation
strategles to best to utllize the available water it storage tanks and in
system. Also, the effect of any change iIn the system, such as demand
increase or decrease, change in flow to the system and elevation of water
in storage tanks, could be monitored.

Cumpletion of Kolonia's computer model required a review of all
drawing ard maps of the water szystem as bullt. Alse, some pipes were
surveyed during field work. Therefore, the computer model of Kolonia's
water gystem presents the most accurate information about the exdseing
water system, avallable it includes size, length, elevation of each plpe,
& well as other components such as atorage tanks, PRVS and pumps (listed
in Appendix I, and II). These data will be valuable to those wishing to
mzke future studies of the water system.

The develgped computer model of EKolonla's water system alsc can be
used for detecting the leaks in the system. Because of many illegal
connections plus legal conmnections that were not recarded by public works
depurtment, it was not possible to obtained an accurate flow demand at each
node. Recently DFW is installing meters for each connection in the system.
TE this program i=s successful, then by using the Keolonia's computer model,
the unaccounted water in each pipe can be known.

Anocher resulc of this project was training the officials at the
Pohnpei UDepartment of Public Works who are in charge of system operation
and maintenance. Since the completion of this project required cloae
cooperation with DPW, a training program was scheduled at each stage of
data coullection. The bkasic hydraulies of pipe networks were reviewed.
Alsc, the effects of 1ndividvual components of the water system on the
nperation of the entire system were explalned.
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RECOMMENDATION & FUTURE INVESTIGATION

The development of the computer model is only the first step in
improving Pohnpei's water distribution system. Reviewing the design,
construction, maintenance, operation and soclo-political background of the
Pohnpelan people indicated certain flows exist in the system, such as: a)
complexity of the water system design not matching the level of DPW
rraining b) climatic conditions not adequately congldered in the design c)
ignorance of cultural and social background of local people which are
responsible for the high consumption rate. These problems have been
accumulated during the past which now 1s creating the inconvenient water
service. Expanding this water hours in Kolonia requires implementation of
some practical steps which should be taken as soon as possible. These can
be sgummarized as:

1. Training program for Department of Public Works personnel.

2. Repairing leaks in the main pipes and alsc in household
gservice lines.

3, Installation of water service meters for all existing and
future customers served by the water system.

4. Allocaticon of additional source ¢f water for water system,

5. Public education regarding to the water conservation and
water use.

6. Operation studies, using developed computer model,

Fach recommendation described above 1s discussed in the following
sages. It should be mentioned that implementation of the practical steps
mentioned above requires the government as well as communities support.
Probably the key to the sources of water service improvement iz public
education toward the water system which was ignored in the past.
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Trajinlng Program

Personnel of DPW need intensive training in maintenance, operation and
knowledge of the hydraulics eof pipe networks. Improving the ¥olonia water
service requires a2 training program for groups 1lovelved in water and sewer
functions and in the water treatment plant. This training program should
review the following topics:

L. Fluid staties and fluld flow such as units of measurement,
pressure, flow, energy loses and plpe sizing equatiuns.

£, Basic hydraulies of groundwater, wells and pumps and the
function of pipe network compenents such a2s valves, PRVS and
ELorage tanks.

3. The water treatment system filtration, chlorination, testing
and analyzing turbidity, fluorine and chloride levels, and
ather miscellanecus testing should be reviewed.

4. Weter system maintenance, such as pumps, wells, chlorinatien
s¥stem, valves, fittings and water meters.

This training should include adminiscration and management tralning
for the Publiec Works supervisors, ineluding om the Jjob training in
procurement, scheduling, and employee supervision.

1. Individual eustomers should be encouraged to repair leaking
household service line.

2, Gate valves op the main waterlines should hbe inspected for
leaks,
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Prevention of Leakage

A leakage study by Barrett, Harris and Asscclates Inc., {1983)
indicated that Kolonia's water system has a large amount of water leakage.
The sources of leakage are small but opumercus. The cumulative flow through
the entire water distribution combined with normal domestic water
consumption, result in a rate of cutflow from the distribution system that
cxceeds the rate of inflow.

They found four major sources of leakage and water loss in the system
1. leaks in service laterals leading from the water maln to the
customer's home
2. leaks in household plumbing
3. water loss through plumbing fixtures, and

4. leaks in all gate valves, primarliy from wear and tear due to
repeated opening and closing for maintaining water hours

Reducing the water leakage requires the following implementation:

1. Individual customers should be encouraged to repair leaking
household service lines.

2?2, Gate valves on the main waterlines should be inspected for
leakage.

3., All service laterals to be surveyed to determine 1f they are
leaking.
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Metering Program

There are 164] registered meters in Kolonia's water system with many
other legal and illegal non-meter connections. The present water rate is
$1.50/month regardleaas of the awmount of water wused. A review rche
soclo-policical  background of the Pohnpelan's fKhosrowpanah  and
Hunter-Anderson, [987) indicated that Fohnpeian cultural traditioms do not
include a water conservation ethic. The lack of conservation is reinforced
by the existing flat rate. Also, there 15 no adverse result 1f the bill is
not paid,

Tuoproving the water service 1n Kolonia requilres immediate
implementation of a metering program and scheduling a reasomable water rate
fur water used. Although Pohnpel's water resources are plentiful, delivery
of water to consumers cannot be accomplished wichour cost to the state of
Pohoped. The new water rate should reflect the cost of operation,
maintenance acd delivery of water to consumera. After 1mplementation of
the metering program, DPFW should establish an effective and accurate wectchod
of money collection and 1nformation about each accounts. Also, adopt a
policy for discontinuance of service for non-payment account. A metering
implementation program can be summarized a= follows:

1. HMeter all customers and users that have 24 hour water service,
After completion of this stage, areas which have the must leakape
according to thelr priority should be mecered.

¢. Maintenance of all existing meters and newly installed mecers.

3. EReading the meters monthly. A preliminary water rate schedule
be adopted for customers with installed meters. This preliminary
rate may unot be reflect the actual cost, but hefore the
installing meters for all customers, this rate can help U¥ Lo
determine the actual rate.

4, Establish an account for each meter. Bills should be sent to
customers. Service to non-paying customers showld be disconnected.

Implementation of a wmetering program will introduce the following
improvements to Kolonia's water system: a) encourage the rcusrtomers ta
report to DPW 4if there 1z a leak In their service line. b} lines with
leakage can be identified ¢) custemers will be encouraged to uwse  lass
wvater, d} there would be a revenue for operation and vaintenance cost of
the system, <) the informatiom about water outflow can be fed dintoe the
computer model, and efficlent use of system can be determined.
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Additional Source of Water

The 1980 census counted 22,081 people living on Pohnpei with 8,624
people living in Kolonia, Sokehs and Net. The rate of population growth is
estimated at about 3.5%Z for the area of Kolonia, WNet and GSokehs.
Consldering the future development in the area since Kolonia 1s the new
administrative center for the Federated State of Micronmesla, the
population growth rate might be accelerated in the future.

The total average of water input to the Kolonia system 1s (1.7 mgd
from treatment plant plus 0.3 mgd from wells). Considering leakage in the
system and the teundency for Pohnpelan to use large amount of water, the
present water input to Kolonia's water system is not sufficient,

Presently at the exlscing intake site on Nanpil River for the water
supply system, an Intake for hydropower generation is attached. It might be
possible that the water intake for the water supply system will be affected
by the intake for the hydropower plant, which draws a large amount oi
water, In order to secure the source of water supply and providing a 24
hours water to consumer it will be Important task for Pohnpel state to
consider additional source of water. There are several ways toc achieve
rhis additional source of water as:

1. Constructicn of additional wells.

?, Develop a secondary source on elther the Tawannu or Lal River or
both.

3. 1Increase the capacity of exlsting transmission lines on the Nanpil
River.

A thorough i1nvestigation is required for Department of Public Works to
select any items from the above.
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Public Education

A review of the social-political background of the Pohnpeian people
televant to the water distribution system Indicated the Pohopeian cultural
traditions do not include a water conservation ethie., The fresh water has
always been wviewed as an "unlimited free gopd". Pohnpelans living in
Folonia say they used to locate thelr homes near stresms, as indicated by
the archaeological tecord, They cite frequent bathing in streams, pocls and
water falls. Pohnpelans stace that they do not feel clean unless the water
flows abundantly on their bodles during baching. They usually remove the
shower head in modern facilicies, to avold the fine spray.

Field investigatioms Iindicated the Pohnpeians do not realize the
consequences for the water system of leaving the tap open. Host do not
know how the pipe svstem works and why there is not encugh pressure in the
pipes. Also, adequate water delivery in Kolonla is seen by the FPohnpeians
as the government's responsibility, not cthat of individuwal householders.
Kow, when 2 househnid's or neighborhoods™ water pipe breaks or starks to
leak, 1t may go unreported for long pericds, and no measures are taken hy
consumers to rewedy the zituation even temporarily,

Improving Kelonia's water system requires implementation of publie
education in terms ¢f how the pipe system works, why DPW can-not deliver 24
hours water, how to be copmservative in uslng water, community involvement,
household metering, water-rate structure, and reporting leakage to OPH,

This information ({mplementation) could be disseminated throughout the
adult rcommunities. Community meetings, worksheops, posters, direcc
mailings, rtadio and elementary and secondary schools could be inwvolved.
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APPENDIX 1

Raw Data for the
Kolonla Water Distribution System



KOLONTA WATER DISTRIEUTION SYSTEM MODEL
RAW DATA FOR INPUT TC KENTUCKY MODEL

133 -2 101 1 2 0 4 K|
84 102 124 133
2 0 Pl ) 12 111
5 g1 3 65 12 111
i 3 4 4160 12 111
? 4 o 1172 12 111
3 o G 8933 12 111
2 A T 1500 8 111
i0 ¥ 5 1650 8 111
11 7 f 270 4 107
12 E 16 250 12 111
13 10 #13 BG4 B 111
14 T 11 260 12 111
15 11 12 100 8 107
186 11 13 250 12 11
17 13 14 245 12 111
1a 14 13 145 12 111
14 15 13 528 12 111
20 18 15 528 12 117
21 18 16 00 13 111
pE: 18 17 100 4 109
23 186 16 824 4 107
24 19 18 64 1% 111
25 19 20 [Reln; 4 107
2B 21 13 264 12 111
27 21 o 384 4 107
“8 22 21 2304 b 111
28 10g 22 1447 12 111
K13 23 24 454 8 111
31 24 25 332 B 111
32 25 26 400 H 11t
33 Zh av 271 8 111
34 27 a8 267 B 111
3k 24d "9 278 a 111
36 29 30 2056 8 11t
37 30 31 2486 8 111
18 a2 k| 401 i 111
35 33 3z 282 a8 111
40 34 as 246 8 111
41 35 a4 a3z g 111
42 16 35 241 A i11
473 3f 1t 4°f 4 8 111
44 25 37 1713 a 111
45 44 ~h 167 B 111
48 418 49 152 8 113
47 47 18 isz 8 111
43 44 460 181 3 111
49 45 46 154 A 111
50 45 24 187 B 111
Ol 24 38 170 B 111

"-f"'f-"':-r':.f":-"U"mmU""...-"l':-""I.ﬂmL"'IU":.."IU"U'IMT."IF.ﬂ(_ﬂiﬁ:ﬂlﬂmm:nmqntﬂm,hmmg;..'h.,.:)..{,h:\;-{_:'l:\jmm:‘A:u.l‘_-._m(j

—

LY

C@C'GC?D'DGC'GC}DDGD-:}{DD':'DDL'JCJ(:DC":'DQC):ICIQGD:‘J:JDCC:ID-‘_‘.C:I-._“_‘,-C":IDG

265
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B2
53
hHe
E5
56
57

59
50
o1
62
63
64
B5
66
67
68
69
70
71
T2
73
74
75
76
T7
78
79
80
Bl
82
83
84
B85
B6
87
a8
89
90
21
az
83

95
96
97
a8
89
100
101
102

KOLONIA WATER DISTRIBUTION SYSTEM MODEL
RAW DATA FOR INPUT TO KENTUCKY MODEL

a9
42
41
41
40
38
37
54
55
38
27
28
29
30
44
45
48
AT
48
49
RO
51
652
50
b2
2B
h4
g
h7
58
59
60

0
a0
61
61
63
B2
64
64
B2
Az
65
686
67
649
70
44
72
89
&7

184
175
156
171
20
476
401
402
470
395
293
872
548
605
470
464
462
315
332
329
414
397
399
183
144
169
175
352
14485
397
2180
2820
2325
138
52
2056
180
290
440
1139
99
474
456
614
323
1228
592
478
185
16
4556

{CONTINUED)

—

oo moooomom oo @

111
107
107
107
107
107
107
107
111
107
107
107
107
107
111
107
111
111
107
107
111
107
107
111
111
111
113
111
111
111
111
111
111
111
111
107
107
107
107
107
111
111
111
111
111
107
111
111
111
111
111

(S

Enonwfﬁnac:mtn:qhamtnc)mwﬁihhannmroCDU1L(ﬁtnU1mthu1mtn01u1mtnu1m(ﬁchuﬁmcﬂtn01o1mgnu1u1mcn

cc:c:Dc:CboCDc:C>o<3c>Dc3C>oCDC}D:Dc30¢3c50c3530=3c>013:DC}Dc:C>O<DC>D(:C>D<DC>OCDC>D

196
45



103
104
105
108
147
108
1049
110
111
112
113
114
116
116
117
115
1A
120
122
123
124
1245
146
127
128
1ay
1304
131
132
132
134
135
136
137

B ls R L B

ne
79
79

7z
73
T4
T
TG
77
Th
14
0
8z
a3
83
Ab
8h
B2

93
-

B4
95
Hh
94

98
34
L
3B
813
a7

AR4
21
Ab.
106
93
28,
BE .
11R

qh F

ah
150
HE |
44
47
b4
26

KOLONIA WATER DISTREIRUTION SYSTEM MODEL

B

4
3

£

th A

LAW DATA FOR INPUT TD RENTUCK MOGEL

¥4
20
RB
£ A
73
74
75
76
TT
78
T8
g1
71
83
f4
B
HE
87
g1
2
apz
2K
94
a5
oA
a7
G
98
89
f1
1400
10t
102
103
1

366
275
118
3TH
h2H
sz
28
L08
972
ufe
heh
24
4450
108
452
126
194
20O
10

Y
2THA
T
Ak
A
AR h{
1RA6D
LEpe
4200
BOO
I
SR DED
13874
13a2
400

0
70
70
T0
T
71.78
6716
6716
7,18
BY. 1k
-21b
71.28
71,78
T1.28
128
71.28

(CONT INUED)

40

el =l o

-
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111
111
111

111
107
107
107
107
107
107
107
107
107
107
1aT
107
107
107
111
11t
111
111
111
107
107
107
111
111

111
111

111
111

111
107

[y W X |
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KOLONIA WATER DISTRIBUTION SYSTEM MODEL
RAW DATA FOR INPUT TO KENTUCKY MODEL

({CONTINUED}
28 25 5 71.28
29 31.4 T1.88
30 249 .6 71.28
31 24.5 T1.28
32 34 71.28
a3 44 71.28
34 55 .5 71.28
s 51.5 71.728
36 41 T71.28
37 41.5 71.28
38 39.5 71.28
39 34 71.28
40 47.5 71.28
41 58.56 71.28
42 BE. 5 71.28
43 T3.5h 71.28
44 58.2 71.28
45 61 T1.28
48 hi.b 71.28
47 5h.8 71.28
48 59.5 71.28
45 53 T1.28
H{) Gh. 5 T1.28
51 64 71,28
he Al 5 T1.28
D4 47 T1.28
56 32.5 71.28
56 41.56 187,88
X an 187 .88
H& 28.6 187. 86
32 30 187 88
80 h.bH 187 .88
61 27.5 30 .64
62 10.5 B0 .64
63 1.5 ap .84
64 2.5 BO.64
5 7.0 B0D.64
68 5 80.64
67 B 80.64
68 8 80.64
69 12 80 .64
70 33.5 71.28
TE BB, 5 72,12
78 48 72.12
79 A4 71.28
a0 60.5 71.28
B2 27 80.64
83 28 80.64
24 11.68 80.64
1A 28.13 A0 .64
BA 27.5 RN,.A4
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KULONTA WATER DISTRIBUTION SYSTEM MODEL
FAW DATA FOR INFUT TO KENTUCEY MODEL

{CONTINUED)
=7 41 .0 0. 64
-1
a8 106
g0 86
0 {
& 1 1 0
123 2001 182 65 0
4
3 -122 -124 -]1Z6
15 -1 0
w2 -215
21 7.48
18 7.48
20 T.48
13 T.48
16 T.45
17 T.448
15 22
14 T.48
81 7. 48
13 22
12 T.48
LE 2a
B 22
L8 bops
59 22
60 22

0 0 88E
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APPENDIX II

Summary of Input Data for the
Xolenia Water Distribution System



KOLONIA WATER DISTRIBUTION SYSTEM MODEL
INTERFRET DATA FOR KENTUCKY MODEL

NUMBEER OF PIPELS = 133

NUMBER OF JUNCTION NODES = 101
FILOW UONITS = GALLONS / MINOTE
FRESSURE UNITS -~ PGI

CLOSED LINES - 84 1028 124 133

*wey DUMMARY OF LNPUT DATA ###

FPIFE NODE NODE LENGTH DiaM. HW-O SUM-M  PUMP

oD oooDo oo o oo Do oo oo oo O DEOE s o oo
o e o e o B e T o e i T e e S i By S By i e B B i B e B e s I B s e o e O s s S e o}

.0

N H1 2 (FT.) (IN. )} VALUE FACT. TY¥FE
P 0 P 5.0 12.0 111.0 6.0
5 a1 3 65 .0 12.0 111.0 0.6
B 3 4 4160.0 12,0 111.0 O.4
7 4 5 1172.40 12.0 111.0 G.8
G 5 & B33.0 12.0 111.0 3.6
g b T 1500.0 8.0 111.0 1.8

10 7 g 1650.0 .0 111.0 1.2

11 7 f 270.40 4.0 107.0 0.5

12 8 10 250.0 iZ2.0 111.0 0.2

13 10 23 804.0 .0 111.0 Db

14 11 10 250.0 12.40 111.0 .4

15 11 12 160 .0 .0 107.0 0.4

16 13 11 250.0 12,0 111.0 0.4

17 13 14 “85.0 12.0 111.0 0.5

18 14 43 145 . 0 12,0 111.0 0.2

19 15 13 h28.0 2.0 111.0 .4

21 14 15h h28.0 12.0 111.0 a.8

21 18 18 500.0 12.0 111.90 d.5

ne 1B 17 100.0 4.0 107.0 0.5

A4 15 15 B24.0 4.0 107.0 0.6

24 18 18 ~64.0 12.0 111.0 0.8

25 15 ol 100.0 4.0 1Q7.0 0.5

26 21 138 afg 12.0 111.0 0.2

ar 21 ) 384.0 4,0 107.4¢ 0.5

28 22 21 2804.0 12.0 111.0 1.8

25 102 22 1447 0 12.0 11t.0 0.5

30 23 24 454 .10 3.0 11:.0 0.o

3 24 25 332.0 §.0 111.4 0.5

3z 25 Z6 AD0 .0 a.0 11t.0 0.5

i 28 27 871.0 B.O 11t.0 1.4

34 av <8 267 .0 g.0 111.0 0.5

35 28 28 2780 8.0 111.0 0.5

36 243 a0 255.0 2.0 111.0 0.5

a7 30 31 2460 g.0 1i1.0 a.&

3 3z 31 401.0 3.0 111.0 0.5%

39 33 P £B2.0 5.0 111.0 0.5

40 34 a3 -46.0 8.0 111.40 0.5

41 35 34 23z.0 5.0 11t.0 0.5

42 36 35 “41 .0 3.0 111.0 0.5

43 3T 36 474 .0 8.0 111.0 0.5

FGH
GRADE
aEh.0
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44
45
46
47
48
49
50
a1l
o
b3
a4
55
56
57
58
59
60
61
62
63
B4
B5
66
67
68
69
70
71
72
73
74
5
76
77
78
78
80
81
82
83
24
85
86
87
88
39
90
91
a2
93
94
95

25
49
48
a7
44
45
46
24
38
43
42
23
23
A0
38
37
54
55
55
35
34
33
43
42
41
a4
45
48
a7
48
49
50
A1
52
26
14
56
58
59
59
59
57

61
62
62
65
BB
61
B2
65
67

37
25
49
48
45
48
24

39
42
41
11
40
38
37
54
55
36
27
28
23
30
44
45
48
47
48
13
50
51
Bz
51
52
26
54
58
57
57
58
60

90
61
62
63
£4
64
64
82
B85
66
66

KOLONIA WATER DISTRIBUTION SYSTFM MODEL
INTERTRET DATA FOR KENTUCKY MODEL

173.
167.
162.
182.
181.
154.
1687,
170.
184.
175.
156.
171,
20,
476,
401 .
402.
470,
395.
293.
BT72.
648.
B05.
470.
464,
462.
315,
A32.
328,
414.
397.
399.
183.
144.
163.
175,
352,
1446.
397.
2190.
2820.
23245.
138.
52.
205.
180.
29C.
440.
1139,
99.
474 .
4586,
514.
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111.
111.
111.
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111.
111.
111,
107.
107.
107,
107.
107.
107.
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111.
107.
107,
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107.
111,
107.
111.
11y,
107,
107,
111.
107,
107.
111,
111,
111.
111.
111.
111,
111.
111.
111,
111.
111.
111.
107.
107,
107.
107,
107,
111,
111.
111,
111.
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el 5
97

a8
235
100
101
102
103
104
104
106
107
168
148
110
111
112
113
114
115
1156
117
114
118
120
122
123
124
125
126
127
128
129
1340
131
132
133
134
1356
136
137

67
68
56
10
7O
T
85
50
79
T2

72
74
74
75
78
77
ThH
15
70
82
83
A3
85
85
92
a2
93

244
85
95
94

an
g9
29
98
93
a7

KOLONTA WATER DISTRIBUTION SYSTEM MODEL

g8
69
O
44
T2
8g
67
75
a0

63
T3
Td
15
6
7T
78
78
a1
T
a3
84
85
36
87
91

82
a3
54
85
=1
a7

48
o4

100
101
102
103

INTERPRET DATA FOR KENTUCKY MODEL
{CONTINUED)

323.
1228,
hoZa.
178.
1485,
318.
455,
JBH.
275,
118.
37hH.
528,
523,
528
528.
872,
BTZ.
HZ8.
528
4390.
i06.
452
128
194,
203,
1o,

2705,
TG,
80,

Jnd .

AE50 .

1860,

R3T2.

4200,

800,
10,
BERZZ.
138514,
1382,
4040,
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111.
107,
111.
111.
111.
111.
111,
111,
111.
111,
111.
107.
107.
107.
107.
107.
107.
107.
107.
107.
107.
107,
107.
107.
167.
111.
111,
111.
111,
11L.
107,
107,
1a7.
111,
111.
111.
111.
111.
111.
111.
147.
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KOLONIA WATER DISTRIBUTION SYSTEM MODEL
INTERPRET DATA FOR KENTUCKY MODEL
{CONTINUED)

¥x% DATA FOR PUMPS FOR THIS SYSTEM *k*
PUMP TYPE # :* IS DESCRIBED BY USEFUL POWER = 40
JUNCT . NO. DEMAND ELEVATION

2 0.0 264.0

5 70.0 86.0

3 70.0 8b.8
7 T0.0 106.0

9 70.0 93.0
10 71.3 g88.4
13 67.2 86.3
15 B7.2 116.0
16 67.2 5.5
21 67.2 95.0
22 -215.0 150.0
23 71.3 54.0
24 71.3 48.0
25 71.3 47.5
26 71.3 54.5
27 71.3 26.0
28 T1.3 29.5
29 71.3 31.4
ao 71.3 29.6
31 71.3 24.5

2 71.3 d4.0
33 71.3 44.0
34 71.3 a5. 4
35 71.3 51.5
36 71.3 41.0
37 71.3 41.5
38 71.3 38.5
3% 71.3 34.0
40 71.3 47.5
41 71.3 68.5
42 71.3 66.5
43 71.3 73.5
44 71.3 68.2
45 71.3 61.0
45 71.3 53.5
47 71.3 65.8
48 71.3 59.5
43 71.3 53.0
50 71.3 65.5
51 71.3 64.0
£z 71.3 1.5
64 71.3 47.0
6% 71.3 32.56
56 187.8 91.5
57 187.8G 30.0



oB
58
&0
g1
B2
B3
B4
6h
EE
87
g8
g9
T
TH
78
T3
BD
82
B3
B4
Hb
86
27

THERE IS A
THERE IS A

38

EOLONIA WATER DISTRIBUTION SYSTEM HODEL
INTERPRET DATA FOR KENTUCKY MODEL

187.
187.
187.
80.
80,
80.
BG.
BO.
B,
BO.
80.
8.
71.
2.
72.
T1.
71.
B,
BO.
g0,
80.
80.
8O.

PRV IN
PRV IN

{CONTINUED}
9 28.5
g an.o
9 h.B
B 27,5
6 10.5
5 1.5
B 2.5
5 7.5
6 5.0
6 €.0
& g.0
& 12.0
3 83.5
1 6.5
1 48.0
3 64.0
3 E0.5
& 270
& Z2B.0
7 11.6
B 8.3
& 27T.5
E 41.5
LINE 106 UPSTREAM NODE = 88 GET GRADE = Tt
LINE &6 UPSTREAM NCGDE = 80 &ET GRADE = 45



KOLONIA WATER DISTRIBUTION SYSTEM MODEL
INTERPRET DATA FOR KENTUCKY MODEL
(CONTINUED)

AN EPS SIMULATION Is GPECIFIED
SIMULATICON PERICD = 8 - TIME INCREMENT = 1

--- TANK DATA ---
PIPE NO. MAX. EL. MIN. EL. DIAMETER INIT. EL.
123 200.0 182.0 65.0 200.0
EPS SIMULATICON - TIME - O HOURS
EPS SIMULATION - TIME - 1 HOURS
EPS SIMULATION - TIME - 2 HOURS
EPS SIMULATION - TIME = 3 HOURS

THE FOLLOWING CHANGES ARE MADE

THE STATUS (OPEN-CLOSED) OF PIPE 122 1S CHANGED
THE STATDS (OPEN-CLOSED) OF PIPE 124 IS CHANGED
THE STATUS (OPEN-CLOSED) OF PIPE 126 1S CHANGED

JUNCT. NO. DEMAND
GLOBAL, DEMAND FACTOR = 0

22 ~215

21 7.48

19 7.48

20 7.48

18 7.48

16 7.48

19 7.48

15 22

14 7.48

a1 7.48

13 22

12 7.48

58 22

57 22

58 90

59 22

80 22
EPS STMULATION - TIME = 4 HOURS
EPS SIMULATION - TIME = 5 HOURS
EPS STMULATION - TIME = 6 HOURS

#kxxkxk END OF THIS SIMULATION *XxXkxkxk

EXT. Q(IN)
0.0



