ENGINEERING REPORT FOR NAN MAND
WATER SUPPLY SYSTEM, KITTI MUNICIPALITY SECTION 11
FEDERATEDSTATES OF MICRONESIA

Ulla Mogensen
SOPAC Secretariat

September 1996 SOPAC Technical Report 241

This project was funded by the
United Nations Development Programme



3]

TABLE OF CONTENTS

Page

A CKNOW L ED GEMENT S ..o et e e e e e e e e e e e e e ens 4
QUMM A R Y e ettt e e e e e e et e e e e e e e e aaaae 5
INTRODUCTION ..ottt et e e e e e e e e e e e e e e e e e e e e e e e e e e eeaens 5
LV N (=Y B e [T 0 1 F= T (o F TP 6
SOUR CE OF SUP P LY oottt ettt e e e e e e eaees 8
S V] = Tl SR AT L= L (=] TR 8
GIOUNAWALET ...ttt et e e e e e e e e e e e et e e e et e e e e e e e e ee e e e e e e eeeennaaeaees 10
WWALET QUAIIEY ...ttt ettt et e sttt e st e e e sab e e sab e e e nnaeesnnneeenneeens 10
PROPOSED SY ST EM ..ottt e e e e e e e e e e e e eeeeeeeannn 10
RECOMMEND ATIONS ..ottt et e e e e e e e e e e e e e e e eeeeeeeennnn 11

[TR241 - Mogensen]



[4]

ACKNOWLEDGEMENTS

Appreciation is expressed for the excellent cooperation and invaluable support provided by the

Luhkenmeonlap of Kitti, the Honorable Mitchuo Daniel, and his staff.

Special thanks must go to Mr. Dernel Panuel who provided essential information and

guidance to facilitate the work and site investigations.

[TR241 - Mogensen]



[5]

SUMMARY

The proposed Nan Mand water supply system is located in Section Il in Kitti Municipality. The
proposed system would service approximately 400 people. At present Nan Mand Village does

not have a centralised water supply system.

There are two potential sources of supply for Nan Mand Village. One is surface water the

other is utilising groundwater.

A desk hydrologic evaluation of the surface-water source shows that the safe yield is
sufficient to cover the average daily water demand of the present population. A resistivity
sounding investigation showed that the groundwater yield is not enough to supply the

estimated daily water demand for the village.

A hydraulic analysis of the proposed system has indicated that 4” G.I. pipes for transmission
line, and 4", 37, 2", 1% and 1” for distribution lines, would be adequate to serve the community
for the next twenty years. However, to keep the pressure in the pipes within required

standards it is necessary to construct a break pressure tank.

The 2-phase project is proposed consisting of constructing an intake, constructing a storage
tank, constructing a break pressure tank, constructing a slow sand filter, installing a
chlorination unit and laying of 4” G.I, 4” PVC, 3" PVC, 2" PVC, 1% “PVC and 1" PVC

pipelines.

The phasing and the cost estimates of the project are given below.

Phase 1: Construction of an intake, a storage tank, a break pressure tank; and installation of
700 ft. (213 m) of 4” (100 mm) diameter G.I. pipeline, 2,080 ft. (634 m) of 4” (100 mm)
diameter PVC pipeline, 2,790 ft. (851 m) of 3” (80 mm) diameter PVC pipeline, 704 ft. (215 m)
of 2" (50 mm) diameter PVC pipeline, 3,322 ft. (1,013 m) of 1%2” (40 mm) diameter PVC
pipeline and 51 house connections: US$71100.

Phase 2: Construction of slow sand filter and installation of chlorination unit;: US$52000.

INTRODUCTION
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An engineering assessment of the Nan Mand water supply system on Pohnpei, Federated

States of Micronesia was carried out in January 1996 as part of SOPAC’s Work Program.

It was carried out in response to a request made by Senator Wagner M. Lawrence to the
Office of Planning and Statistics, for technical assistance for the improvement of

infrastructural facilities in the municipalities of Kitti and Madolenihmw.

The proposed Nan Mand water supply system is located in Section Il of Kitti Municipality
Pohnpei State (Figure 1). The proposed system would service approximately 400 people. At
present the Nan Mand Village does not have a centralised water supply system. The villagers
rely on wells, nearby streams and rainwater catchments to supply their water needs. The

demand for water is mainly for domestic uses.

Water demand

The design daily water demand has been estimated as follows:

Table 1: Estimated water demand in gallons per day (gpd) and litres per day (Ipd)

gpd (Ipd)
Domestic water consumption (per person) 110 (416)
Pigs (per pig) 30 (114)
Poultry (per 100 chickens) 10 (38)

According to the Federated States of Micronesia’'s Second National Development Plan the
growth rate over the last forty years has exceeded 3% per annum. However, as people have a
tendency to move from the rural areas to the urban areas, as well as leave the country, the
annual growth rate for the next 10 years (1996-2006) has been estimated at 2%, while the
growth rate for the years 2006-2016 has been set at 1%. For the Nan Mand project the

population and domestic water demand for a twenty year period is estimated as follows.
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Figure 1. Location map of the Nan Mand water supply system.
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Table 2: Estimated daily water demand for Nan Mand Village

Year 1996 2006 2016
Population 408 497 549
Domestic water demand 44 880 gpd 54 670 gpd 60 390 gpd
(169 890 Ipd) (206 950 Ipd) (228 600 Ipd)
Livestock (gpd) 7 650 gpd 9 320 gpd 10 300 gpd
(28 960 Ipd) (35280 Ipd) (38 990 Ipd)
Total 52 530 gpd 63 990 gpd 70 690 gpd
(198 850 Ipd) (242 230 Ipd) (267 590 Ipd)

SOURCE OF SUPPLY

There are two potential sources of supply for Nan Mand Village. One is surface water the

other is utilising groundwater.

Surface Water

The proposed dam site (Figures 1 and 2) is located at an elevation of 640 feet (195 m), and is

filled by a catchment area covering approximately 0.06 sqg. miles (0.16 sqg. km).

Based on the USGS report "Water Resources of Pohnpei, Caroline Islands" a figure of 1.5
cubic feet per second per square mile has been used as a basis for estimating the 30-day
low flow under a 5-year drought condition. This results in a safe yield of 58 164 gpd

(220 175 Ipd), which is sufficient for the average daily water demand of the present population
of the Nan Mand system. However, with the projected demand for the year 2016 of 70 690
gpd (267 590 Ipd) the source will not support the demand during a five-year drought. If this
source is to be used to supply the water system, it will be necessary to enforce rationing

measures during extended dry periods.
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Figure 2. Schematic profile of the Nan Mand Water Supply System.
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Groundwater

A resistivity sounding investigation was conducted in the vicinity of Nan Mand Village to
determine whether an appropriate groundwater aquifer was present. The detailed results from
the resistivity sounding can be found in Annex 1. A groundwater aquifer was located
approximately 49 - 62 ft. (15 - 19 m) below the surface. The safe yield has been estimated at
approximately 10 - 20 gpm (0.63 - 1.26 I/s) or 14 400 - 28 800 gpd (54 510 -109 020 Ipd).

This yield is not enough to cover the estimated daily water demand for the village.

Water quality

No water quality investigation was conducted at the proposed intake site. It is recommended
that water quality tests be conducted as soon as possible. The water quality tests that should

be conducted are fecal and total coliform bacteria, nitrate, pH, conductivity and turbidity.

PROPOSED SYSTEM

It is proposed that a centralised system be based on surface water from a stream near the
Pwadapwad River. The water supply which is a gravity system will consist of a river intake, a
slow sand filter, a storage tank, a break pressure tank and transmission and distribution

pipelines.

The hydraulic analysis of the transmission pipeline from the proposed dam site to the slow
sand filter and from the slow sand filter to the storage tank shows that for average flow a 4”
galvanized iron (G.l.) pipe would be adequate to supply the system for the next twenty years
(Tables 3-5 and Figures 3-5).

As the flow of source is not enough to cover the peak demand during dry periods, it is
necessary to provide a storage tank. A storage tank with a total storage capacity of 21 000
gallons (80 m®) would cover 7 hours (equivalent to a peak demand period) of the average

(year 2016) water demand.
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The analysis of the distribution line from the storage tank to the community indicates that the
pressures in the pipes become too high. It is therefore necessary to install a break pressure
tank. The calculations show that this tank should be placed at an approximate elevation of 382
ft. (116 m) above mean sea level. Table 4 shows the pressures in the distribution line (with
and without the break pressure tank) during a worst case scenario where there is no
consumption, creating a static pressure in the line. Assuming the use of Schedule 40 PVC
pipes, which have a safe working pressure of 160 psi or 370 ft., Table 6 shows that even with
the break pressure tank the pressures come very close to the safe working pressure. This
means that it becomes extremely important to ensure that the pipes are laid according to
standards. It is recommended that very close supervision be given during the laying of the
distribution lines and that pressure tests should be conducted to ensure that there are no

leaks on the pipeline.

The hydraulic analysis (Tables 3-5 and Figures 3-5) of the proposed distribution system
indicates that the combination of 4" PVC, 3" PVC, 2" PVC, 1% PVC and 1" PVC pipeline given

in Figure 2 is adequate to supply the village for the next twenty years.

RECOMMENDATIONS

The first phase of establishing the system would consist of constructing an intake at elevation
640 ft. (195 m) above mean sea level, laying approximately 700 ft. (213 m) of 4” G.I pipeline,
2080 ft. (634 m) of 4” PVC pipeline, 2790 ft. (851 m) of 3" PVC pipeline, 704 ft. (215 m) of 2”
PVC pipeline, 3322 ft. (1013 m) of 1% “ PVC pipeline and 2600 (793 m) 1” PVC pipeline as
indicated on Figure 2. Furthermore, constructing a 21 000 (80 m?) gallon capacity storage
tank at elevation 543 ft. (166 m), and a 1000 gallon (4 m®) capacity break pressure tank at
elevation 382 ft. (116 m).

A phase two of this project would be to install a slow sand filter and chlorination unit at
elevation 610 ft. (186 m) between the intake and the storage tank.
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The phasing of the works and the cost estimates are given below.

Phase 1

Description of work Estimated cost
Construct a dam/intake US$ 5,000
Construct a storage tank, capacity 21,000 gallons (80 m?) US$ 15,000
Construct 700 ft. (213 m) of 4” diameter G.I. pipeline US$ 10,190
Construct 2,080 ft. (634 m) of 4” diameter PVC pipeline US$ 11,440
Construct a break pressure tank, capacity 1,000 gallons (4 m®) US$ 4,000
Construct 2,790 ft. (851 m) of 3" diameter PVC pipeline US$ 10,460
Construct 704 ft. (215 m) of 2” diameter PVC pipeline US$ 2,080
Construct 3,322 ft. (1,013 m) of 1% “ diameter PVC pipeline US$ 6,650
(793 m) 1" diameter PVC pipeline US$ 3,900
House connections US$ 2,380

Total US$ 71,100

Phase 2

Description of work Estimated cost
Construct slow sand filter US$ 50,000
Install chlorination unit US$ 2,000

Total US$ 52,000
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Table 3: Hydraulic Analysis of the Nan Mand System for the year 1996.
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Table 4: Hydraulic Analysis of the Nan Mand System for the year 2006.

"¢ amgr] uo pajesipul

are (] ) ‘g ‘v swiog € 10j0ef yead (7 ISy 095) WAISAS UOHNQLISIP 0 YU} AFLI0]S WL MO YB3 HUR) afe1ols 0 WP WOI Mo]) afelaay

(=1 (w gog) OAd
19 61 08 ¢t o't £1)0C €10°7 | (ww o) H1 pua - peol Uepy
(571 (ugig) JAd
011 ¢l ¢zl D6l 19°C1 1'7) €€ 60s°1T | (ww pf) 341 peal Uie - g
(51 (w JAd
611 00T cle €7 0T’s 97 v | 9£1) Lk | (wwpg) T a-3
(s/1 (t JAd
66 6ET REE £7 €88 PO ps | ®L) LeT | (wmpg) T 2 - € peo1 apig
(s/1 (a JAd
86 £97 19€ 1z L ) 9L | L8D) 0p6 | (wwgg) ¢ ¢ peos apig - 146
[4.13 OB 2Imssal] yearg
(s/1 (w gge) JAd
09 78¢ it B 00t 9'9) $01 00zl (i gg) € 1dd - | peos 2pig
(s/1 (1w JAd
01 0¢E il 1€ 1Ly O vl | 861)0sy | (wwg) £ [ peospIs - ¥
(51 (w 78%) DAd )
811 £0f [Z¢ e 1 £'8) ZE1 0851 (o) o | ¥ - Juel
£ts e,
(s/1 (s O
99 £Fs 609 | o g7y | Zsl) oos 001) .t que - 4S8
019 (4SS) 121 puEs Mo[s
S/ (w 19) TO(wuw
67 019 659 I o 8'7) b 00z 001) ¥ 4SS - weg
0r9 we(]
(v (y) (wds)
adid ur | (1) aurp Jo pu2a | () 2ul] jo pus gso] arnssard (ool el (1) ozIS puE
aImssalg JO uoneAa[y T aInssalg oy | SS0] Anssald puEmag] 8uay | adid o adiy aurjadig

'000Z Jeak ayy 1o} weyshs pueyy uen ay) Jo siskjeuy Jnelpfy . 8|gel

[TR241 - Mogensen]



[16]

(s/1 (w $95) DAd
) TLI 9zT 66 9€'c €5°0)8 | 0581 | (wwgy) .|
(s/1 (W p7) | DA (ww
(44 £0T CCE o¢ ot ¥ 1'1) 81 008 0F) A1 puy - 7 prol apig
1t
(w JAd
18 I6E ELY L1 +T°T (s/1£0) ¢ | 607) 0sL | (wugy) .1 pusd - [ prod apig
06T
() (W) (udi)
adid uy | (y) aurp jo pus | (1) sur jo pua | ssof amssaxd (Woo1/m) aqel () az1s pue
aInssalg JO uonRAS|g JE 2INSSal ] [emoy | sso] amssald | puewagg pSuay | adid jo adiy aurjadig

"7 Pue | SprOI 2pIS 10) SISA[EUE 2INEIpAH (u02) 4 JjqE]L

[TR241 - Mogensen]




[17]

Table 5: Hydraulic Analysis of the Nan Mand System for the year 2016.
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Table 6: Static water pressure in the Nan Mand Water Supply System.

Table &: Static watar pressure inthe Man Mand Water Supply System.

[ Without the Break Pressute Tank | With the Break Pressure Tank
Pipeline - Elgvation of end | Pressure in pipe | Elevation of end | Pressure in pipe

of line () (ft) of line {ft) {ft)
Dam 640 od40
Dam - SSF §10 30 810 30
Slow sand filter {SSF) &10 610
SSF - Tank 543 67 543 67
Tank 343 543
Tank - A 403 140 403 140
A - Sidaroad 1 350 103 330 193
Side road 1 - BEPT g2 161 g2 161
Break Pressure Tank - - 332
BPT - Side moad 2 263 280 263 119
82-C 230 304 239 143
C-D 200 343 200 182
D - Main road 15 S2R* 15 367
Main road - end 19 524*% 19 363
Side road 1 - End 392 151 382 151
Side road 2 - End 203 340 203 179

172 37l 172 210

* Static pressure exceeds the safe working prossure of the PV pipe.

[TR241 - Mogensen]



[20]

:] Dam, elevation 640 fest

36 gpm 200 feet, 4" G.1.

:I Slow sand filter, elevation 810 feet
36 gpm 500 feet, 4" G.1.

:l Storage tank, elevation 543 feet
108 gpm 1580 feet, 4' PVC

L Point A, elevation 403 feat
97 gpm 650 feet, 3" PVC
Elevation 350 feet Side road 1 Elevation 392 feet
750 feet 1° PVC/ 4 gpm
85 gpm 1200 feet, 3" PVC
j Break pressure tank, elevation 382 feet

62 gpm 940 fest, 3" PVC

Elevation 263 fesl

44 gpm

33 gpm

26 gpm

16 gpm

Side road 2 Elevation 203 feet
800 feet, 142" PYC and 1850 feet 1" PVC/ 15 gpm

257 feel, 2" PVC

Point C, elevation 239 feet

447 feet 2" PVC

| Peint D, elevation 200 feet

1500 feet, 1%4" PV

L Main road, elevaton 15 feet

1013 fest, 112" PVC

Figure 3. Schem

End, elevation 19 feet
atic layout of the Nan Mand Water Supply System - 1996 flows.
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D Dam, elevation 640 feet
44 gpm 200 feet, 4" G.I.
[ 1 Siow sand filter elevation 610 feet
44 gpm 500 feet, 4" G.I.
_[__J Storage tank, elevation 543 feet
132 gpm 1580 feel, 4" PVT
A Point A, elevation 403 feet
114 gpm 650 fest, 3* PVC
Elevation 350 feet Side road 1 Elevation 392 feet
750 feet 1" PVC/ 5 gpm
104 gpm 1200 feet, 3" PVC
:I Break prassure tank, elevation 382 fest
76 gpm 940 feet, 3" PVC
Elevation 263 feet Side road 2 Elevation 203 feet
800 feet, 14" PVC and 1850 feet 1" PVC/ 18 gpm
54 gpm 257 feet, 2" PVC
A Point C, elevation 239 fest
41 gpm 447 feet 2" PVC
- Puoint D, elevation 200 feet
33 gpm 1908 feel, 134" PVL}
| Main road, elevation 15 feet
20 gpm 1013 feet, 14" PVC
End, elevation 19 faet

Figure 4. Schematic layout of the Nan Mand Water Supply Sysfem - 2006 flows.
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49 gpm

49 gpm

147 gpm

127 gpm

Elevation 350 fest

116 gpm

90 gpm
Elevation 263 feet

60 gpm

45 gpm
35 gpm

22 gpm
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:I Dam, elevation 640 feet
200 feet, 4" G.1.

| 1 Stowsand fiter, elevation 610 feet
500 fest, 4" G..

:l Storage tank, elevation 543 feet

1580 feat, 4" PVC

| Point A, elevation 403 feet

650 feat, 3" PVC

Side road 1
750 feet 1" PVC/6 gpm

Elevation 392 fest

1200 feet, 3" PVC

:l Break pressure tank, elevation 382 feet
940 feet, 3" PVC

Side road 2 Elevation 203 feet
80O feet, 1%' PVC and 1850 feet 1" PVC/ 20 gpm

257 feet, 2" PVC

| Paoint C, elevation 239 feet

447 feet 2" PVC

' Puoint D, elevation 200 feet

1500 fest, 134" PVC

L Main road, elevation 15 feat

1013 faat, 14" PVC

Figure 5. Schem

End, efevation 19 feat
atic layout of the Nan Mand Water Supply System - 2016 flows.
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ANNEX 1: RESISTIVITY SOUNDING DETECTION
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Figure 4. Schematic layout of the Nan Mand Water Supply System - 1996 flows.
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Figure 4. Schematic layout of the Nan Mand Water Supply System - 2006 flows.
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Figure 5. Schematic layout of the Nan Mand Water Supply System - 2016 flows.
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ANNEX 1: RESISTIVITY SOUNDING DETECTION
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