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{Source}
Data for 1947-1990: A Mode! of Master Plan (TWB)
Data for 1988-1998: Estimated Yalue by Turc's Formuta (JICA Basic Design Study Team)
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RAKIBER Mataki’eua Reservoir No.6

KA 199956240 MBNH

B3N RLGELEE-LEL
MERR W | RO __*ggffg;y

BIRE {mg/11 205. 2 -
IS L, meg/1} | 55.8 ~

RT3 YA [mg/1] 10.5 —

B [mg/1]. 53.9 —

FilkA F > (mg/1] 12.8 250
BEAAY (mg/1} 125. 4 250
LERUEME (T0S) (mg/1] 605 00
FHIZOL mg/1 | <001 0.2
&% B o [mg/1] .01 0.3

e Ay [ /) <0005 0.1
BN | e <0. 01 0.003

% ) | e/ | <00 0.01

T | e/ 0.03 3

&t - me/1) | <0.01 2

I_:gl_;_ : T B.0MZE LI
HMY (mg/1] <0. 1 —

1)
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TONGA WATER BOARD

L eelich
June 1998 | June 1987 | June 1996 | June 1995 | June 1994
REDHE
ABAE |
Bé 50 70 50 50 50
AR S 422,675 359,780 290,459 172,479 60.650
“Niuvatoutapu #8817 _ 0 0 29,981 59,600 0
wig 218,348 120,728 104,870 175,557 268,932
FRIRAE 11,023 9,933 0 0 0
TOLFEMRE 857 2,632 2,711 3,433 3.543
MERE 117,501 114,037 141,659 103,664 84,598
Lot /AAY- 303 6,569 7,888 6,255 8,644
EABRE 23,321
770,758] 613,749 577678 521,038] 449,738
RETDHEE ' , _ : ‘
IE 722,622 410,000 300,000 100,000 -0
HiRE &N & 333,719 352,452 217,239 0 0
AEEHAS 12,500 62,521 : 0 0
1,068,840] . 824,973 517,239 100,000 0
BHTEE 1,836,275] - 1,734,292] 1821,726] 945440] ~ 876,008
FELH 3.675,873| 3,173,014] 2,916643| 1,566,478 1,425.836
V- (7).
Bl if-1i 4
tOiEEHAR 15,152 15,438 24,503 48,579 68,304
RRAMTE 268 .29 794 1,294 1,294
F 3N 10,027 2,525 10,931 10,022 52,251
EESALNSE 4,200 4,200 8,400 8,400 10,500
kHhik B 128,508 151,865 85,907 23,973 0
KEXNE 15,000 20,000 15,000 0 -0
173,153 194,107 145,535 92,268 132,349
HEAMK _ ‘ : _
%SNS 175584| 219645 186,921 157,007 127,744
EEA® (L HBH) 80,323 97,728 104,916 112,000 118,245
EXEAE (FHARET) ] 0 .0 0 76,079
Jaszy FEE Hed (NTT) 0 -0 29,981 58,600 0
265,907 317,373 321,818 328,607 322,068
BELH 439,060 511,480 467,353| 420,875 454,417
HEDI . :
' 2,065,040 752,521 752,521 752,521 752,521
ARMESHESE 433,719 352,452 217,239 o 0
Deferred income Reserve 0| 1,087,087| 1,087,087 0 0
RETHES 85,121 62,521 0 0 0
FiE e 652,933 406,954 392,443] 393.082 218,898
RELH 3,236,813] 2661,534| 2449290 1,145,603 971,419
BRE LB ELH 3,675,873] 3,173,014] 2916643 1566,478] 1,425,836
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TONGA WATER BOARD

Mkt R
1997/98 | 1996/67 | 1995/96 | 1994/95 | 1993/94
| bé-

KEHERA 1,591,916 1,231,322 1,106,985] 1,111,936] 1,050,063
MR A 11,386 7,421 7,099 7,018 7,466
# 1,500 1,600 4,800 1,700 1,280
$—EAH 37,442  213675] 302,016 170,646 143,957
FRER 2,393 1,470 2,740 2,830 2,830

BERERA 28,592 25,430 - - -

2HIRR 32,564 25,517 - - -
SmMPA 55,061 35,467 11,977 -0 0
TREEERE 4,223 1,603 5774 1,103 258
TR E 16,334 22,485 18,091 8,258 4,577
AusAIDRE & 5,290 0 ) 7.289 41,995
Makave 7Rz F 23,428 0 0 ¢ Q
B RERNR -2,600 2,000 0 0 0
Wmye (WA 2,000 11,500 17,000 19,500 26,500
FE~3 1,809,530} 1,579,490} 1476482 1,330,280] 1,278,926

b 7/

g3 ] 403339 447,573 394,269 292,132] 617445

HIEERPY 175,338}  178,440]  184,032| 231,131 -

B 889 53,449 30,551 31,878 27,471 —
RIKERPY 388,705  3025068| 375695 375373 390,641
AZ/KERFY 182,366] 141,327} 132,047 130,845] 240,914

HREY—ERAHM 27,944 62,325 54,985 17,147 —

KRB EM 12,733 5,885 4,313 0 —

$551Rm 15,201 10,592 10,819 785 -
W& (TWBINER) 2,000 11,500 17,000 19,500 26,500
&AEH 1,261,166| 1,280,699] 1,205,038 1,094,084] 1,275,500

MINEBE 548.364] 298,791}  271,445] 236,156 3,426}

LIRS 15,000 20,000 15,000 0 0
EARBRARHEHE 533,364 278,791 256,445 236,196 3,426
EABE 128,508 65957) 61,934 53,673 -4,745
BRolte i 404,858 212,834 194,511 182,523 8,174
TOMBEMRA GERE) -103,866 0] 1,087,087 0 0
LAE G 300,992 212,834 1,281598] 182,523 8,171
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WATRE -8 MK lﬁl?ivﬁzxj"?kﬂﬁﬁﬁ

~ ¥ & 7 KB OEAR G’)fklc ?ﬁﬂlm'ﬁb‘ffkf‘?ﬂ?ﬁ%:ﬁo fro T OMEEHILN
etz A MME (ACP) 2150 mm. x MR 1,084m . B, £ 250 mm x M 1,281
m, HEEF 2,332m ThY, SMHOIFMLHETFREHAL (WA,

RAGR 7 DR KRG 2.90 Vsee = 174 Vmin = 0.174 m3/min, 8 Myt 23.2 Vsee &
o CWah, REAERIZENE, ZoBFERIIE, SHNIONFFaaEkI s L
MWTED,

Hydraulic Chart of a Raw Water Main

q=2.90 q=5.80 q=8.70 a=11.60 q=14.50 g=17.40  ¢=2030  o=23.20
o o 7 S M < o 3 o N S RJ
& | & | & | & « S & 2 |
w ' i T % @ ) Py &
c (=2 < i o 3 @ < @ <
Well Well  well Well well Welk Well Well  Reservoir
31
Nz | a6om | wm | wem | sum | asm | 1tom | s2m | tesm
150 ACP L=1,084m 6250 ACPL=1,243m
| S 1=2,332m |
Hydraulic Calculation
Dia _{mm) 150 150 150 150 | 150 | 250 250 250 250
q  (/sec) | 290 5.80 870 -]  11.60 | 14.50 | 14.50 | 17.40 20.30 23.20
v (m/sec) 016 | 033 . 0.49 066 | 082 ] 030 0.35 0.41 0.47
1 (%) 0.27 0.98 2,08 3.54 535 | 0.44 0.62 0.83 1.06
L (m 312 160 | 132 136 344 48 170 322 703
h. {m) 0.08 0.16 0.7 0.48 1.84 | .02 0.11 0.27 0.75
H

ydraulic formula : Hazen-Williams (C=l30 for ACP} I T h=3.68m 1

<HARHF SR>

- FEFTDERAKEE =+ 050 oo, (A)
- BOKRBOANE  =4+2700m . (B)
- R 7OEBRE =(A)—®)=2650m ....... (C)
CAERROBYAKI =398 M i (D)
AR TEOHE =250m e, (E)

- R TOEER = (CHOMHE)=3298m -->33m

ReZh (R):
R =0.222x0.174 x (1/0.50) = 2.55 PSfeach

xwikh (P) : .
P=Rx(1tA)/ ¢ (=085 -~ ])
=255 x (1+0.25) x {1/0.85)
=3.75 Ps --> 4.0-4.5 PS/each

¥i8 - 1
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Casel :

Case 2 © PSRRI BT,

MARDOAEN,

ﬁﬁ*%%ﬁuiﬁhﬂf\ﬁ QAN E CRENOXNAN 268 4,
Fhbb, WRONEWVRACKE 24

A LT, Bfro M WA B ETEAA S 2 5K,

BZHZ VT, BURORIBIA (kie & BALE -
WRATE . SRR, 2R b (RE ) 4

KROT 37 v A HEMOMAFR )
SO TES

hj Wr L §‘n/L Case 2 ?{ﬁ'ﬁ

Fens Lk, RETHODCOLBRD A MOERAEHCHL, 4 (DﬁH:‘f vEREE

WZDWCHL Case 2RI Z WA BT TR 52 Case 2 06515 & b, §

ALY N

EINT VT, Case 1 2% 24 PR Twm#?&bhlfxﬂ/bﬁﬁm&WCﬁf&mé

<L ENTE

v A MNCIESH A, AR LN E 2D, Case 2 DILE— 2 B
i (THURIRO 180% ) @A AE0IZERITA L Y,

DA MKTHBHDLMN, WK

FEALAE RS, FEEMB TS0 C, Case 2 MBS A~DOEA LA 35 ©

EHDOIHL, Casel CiIAHEAR L WV I FB~OIEALOH BT 4 ~dic, ok
HBRE L R D,
BB O R AT
o FROKHIRLA S K e
R Case | (GBI 70 Case 2 AT )
1) BEADIEHE {FetER : {ZitH Y
2) AR ~DAE VAT Pa HL'&i@ "sthL HEE D2 BONE AT
mmsE
3 BEAROHER SR | Ao RS AR B [ ZahL

BRI L OFERPLE

4) FOHFER

Bl (EA )

FHEAH GERAY)

5) AFoimAKEE D

HECAKE (1005K8),
24851 A v P YKL O
THEILPEL CE, 72 MR
IR EBKREN b, (AR
- ERAIE)

BRI AARR (RELAARD
180%7K K,
l:"wﬁﬁf’n‘iﬁi:%u_mkirét

BIZFRIIANL Y, 3R K
ERRABM, BKENGA, &
F, iR L TAY 379

6) METEDOHEEE

FERDEE T HILA S T
(AR ROBEIME, X
BRANME W BREOR#EA

TSR WA DIRERHN S

R LR T
(BAE ~D RN AL
L NG IR AR N T o gy FAE N

)

BLV, MYO-EREREN

ALY _
73 LHrHE GEMBRLE A HERIG LB L
8 iRy &in (B 18 4,381,700-) {kHE (§3 19 3,245, 200-)

AR AMYS Y € R S 1
L. &S8RO AR
LR KELARTIHSD
L €

A BN BERL 00 30 ALK i
PHYMBKEDH L MR+
HEORB I
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WEROE— 1 0 RUKE KA

2003 DO FHIARIZILS  MFMREARAATY (2 B=="F0i 705) 2R 20O
DL, TWBHAD A Ea—¥ —Ar/ 7} (Mapinfo) &NV Tiro7,

AR ORI TOE I ChHD,

BRI 4 U T A A KU E O,
. HBEEGT, DIPARE C=120. PVC 5T C=140. ACP4H1 C=130 & L1-.
- B EKIE=10m (FEE)

AR OER, I EORMNM L AEL BT ARATELIERT 5 2 RN Ca T,
B, KEBAMOHAIEINARII DN T LR ZIT-CTh 2,

A= PR FRMNEOTRAREATE RIS 5,

. B1AR (2003 TRFOERE LB L CHINAE S
- BRI A RO ST 7

- B B R OR T — ¥

- KIETEAPF DA R & KSR A
KSR B RS RO AT ¥
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Networks Calculation at Peak Hour (Year 2003}

" (Junction Report No.1)
Node Water Level | Elevation | Resldual - | Demand | Peak Hour | Demand Zone
{(+m) | (4m)- |Pressure (m)] - ({/s) Demand(i/s)|  Pattem N

J153 12449 | 400 8449 | 0.87 1.62 Res East
J-89 15742 | 3.00 . 12.7142 0.54 1.0% Res East
J161 19058 3.00 . 16,058 091 1.70 Res West
J-185 14.526 3.00 11526 0.02 1.i6 Res East
SE-Dump 12584 | 300 | 9584 | 248 4.62 Res Fadt
J187 12925 | 300 9925 | 054 1.01 Res Fast
E-Dump 127926 1. 3.00 97126 -0.23 043 Res East
J-180 13274 3.00 10,274 0.47 0.38 Res East
Mt Saion 19451 15.00 4.451 0.07 0.14 Res West
J-21 14.679 500 - - 9.67% 0.44 082 Res East
J-176 13.945 3.00 10.945 0.26 0.68 Res West
J-167 20.155 500 15.155 1.70 317 Res West
NW End §.299 -3.00 5.29% 0.26 049 Res West -
J-in 9.855 "3.00 " 6.855 0.30 0.56 Res West
3195 20344 | 7.00 | 13344 | 199 3.71 Res West
J42 15.283 3.00 12,283 .85 1.59 " Res Kast
J-135 19.386 3.00 - 16,386 0.31 0.43 Com West
J-193 26.500 3.00 23.560 89.90 -89.90 Fixed East
J45 14.547 3,00 11.547 1.09 1.50 Com East
¥137 19327 | 0300 | 16327 | 0.6 0.91 Com West
J-191 19.495 3.00 - 16495 | . 301 - 5.60 - Res West
J79 13540 | 300 | 10540 | 050 | 110 Res East
J-33 18.078 300 | 15078 0.23 - - 043 Res West
J-145 16.595 3.00 . 13.565 ~0.16 - 022 Com East
J2 15.518 3.00: 12.518 0.07 0.14 "Res Eagt
32 24003 | 7.00 17.002 | 266 | 495 Res West
J194 22.841 7.00 15.841 | . 1.34 250 Res West
J390 22.142 4.00 . - 18,142 1.22 - | 1227 Res West
¥-94 22751 1.00° 15,751 C1.57 1293 Res West
J-4 _ 22.055° 4.00 18.055 | ° 1.22 2.27 Res West
J-2006 23.620 500 . 18.628 0.10 0.18 Res West
J5 21.736 3.00. 18736 | 319 5.94 Res West
1192 20962 | 300 | 17962 | 278 5.18 ‘Res West
J8 20404 300 17.404 .07 - 0.14 Res West
J-198 21396 | 300 | 18396 | 014 0.27 " Res West
3202 19042 | 3000 | 16042 { 000 - 0.00 Fixed East
J-199 20.887 3.00- 17887 ). 0.00 0.00 - Fixed Hast
J-203 18.073 3.00 15.073 - 0.00 1000 - Fixed East
337 17221 | 360 | 14227 | 062 116 Res Kast
J710 17.395 360 14.395 - 0.64 1.20 Res East
J-38 17.976 3.00- 14976 | -1.16 216 '} ' Res West
.I-_ISS 17,130 3.06 14.730 0.93 k74 Res East
J-14 20,284 3.00 17.284 0.07 0.14 Res West
J-85 17.114 3.00 14.114 1.30 2.42 Res East -
J-146 15.908 3.00 12.908 0.28 0.53 - Res East
J-178 16.157 3.00 13.157 0.37 0.69 Res East
J-87 17.360 3.00 14.360 0.96 1.79 Res East
J-8 20.212 .00 17.212 0.44 0.82 Res West
J-68 17.026 3.00 14.026 0.78 146 Res East
J-11 16.684 3.00 13.684 0,72 1.34 Res East
J-181 16.323 4,00 12323 i.d4 2.68 Res East
J-35 19.653 4.00 15.653 0.25 0.35 Com West
J-347 16.284 300 | 13.284 0.48 0.90 Res East

¥§10 - 3




{Jundion Report No.2)

Peak Hour | Demand Zone

Node Water Level | Elevation | Resideal | Demand
(+m) | - (4m) [Pressure (m)]  (fs) - |Demandilis)] Pattem
J-124 19775 | 3.00 16.775 0.40 0.55 Com West
J-23 19.460 | - 6.00 13.460 034 0.47 Com West
319 14.874 3.00 11874 | 049 0.92 Res Xast
J-20 14.684 | - 3.00 11.684 0.07 0.14 Res East
J-76 14.479 3.00 11479 | 000 0.00 Res East
J-148 15178 | - 3.00 12.178 | = 099 - 1.85 Res East
J-188 13.675 300 - 10675 | 007 9.14 " Res East
J-18 13.785 380 | 10785 0.39 - 0.73 Res - East
J-41 15.676 10.00 5676 | - 098 1.83 Res East
J-40 16059 | -7.00 9059 | 007 0.14 Res East -
J-153 15.789 300 | 12789 | 033 062 . | Res East
J-64 20.115 3.00 17115 | 0.28 0.53 Res West
J-18 - 15.168 300 | | 12168 074 - 138 Res East
J-15 19919 | . 3.08 '16.919 083 1.55 Res West
J-136 19436 | 4006 | 15436 0.32 0.44 Com West
J-106 19426 | 300 1 - 16426 | 022 0.31 Com West
J-10 19452 | . 400 | 15452 035 0.49 Com West
Center-1 19430 | 300 16.430 035 049 Com West
EH 19424 | 3.00 16424 | 037 | o051 | Com West
J-184 - 14,576 300 | 12576 - 0.63 - 1.18 ~ Res East
J-80 13.615 300 10615 § - 0.24 0.45 Res East
J-82 13.331 | - 3.00 10331 036 0.68 Res East
J-83 13.027 3.00 . 10027 |- 1.03 1.92 © Res East
332 18.079 3.00 15079 | - 0.2 - 0.40 Res West
J-16 19.664 .3.00 16.664 1,38 257 Res West
J13 19368 | 3.00 | 16368 | 047 0.88 Res West
J-12 18.605 3.00 - 15.605 | 0.62 116 Res YWest
J-32 1%.608 3.00 16.608 1.87 - | 348 Res West
193 20469 | 500 15409 | . 1.77 330 Res West
J-183 14762 | 3.00 |  1L762 | 007 1 0.14 Res East .
J95 19.710 3.00 16.710 | - 0.61 1.14 Res West
J-56 18,155 | . 3.60 | - 15.155 0.47 0.88 Res West
J-55 18.326. 300 | - 15326 1.x2 2,09 Res West. -
J-67 19498 |° 300 | 16498 275 52 Res West
3201 18812 | 300 | 5812 | 037 0.69 Res West
J-11 14.550 3 . 3.00. 11550 | . 043 0.81 Res " East
J-9% 18062 |  3.00 | 15062 0.16 030 Res West
J-65 19555 | 300 | 16555 - 054 101 | Res  West
J-138 . 19.430 | -°3.00 .. 16.430 048 0.66 Com West
J-36 19.453 3.00 16.453 . 0.43 - 0.60 Com West
J-63 19.290 1 - 6.00 13290 | 037 | 051 Com Yest
J-130 19.194 4.00 15.194 036 0.50 Com West
West End 15453 | 3.00 12453 | 080 1.49 Res West
J-197 21.179 10.00 11.179 0.14 0.27 Res WWest
J-26 16.576 | - 3.00 13.576 0.07 0.14 Res West
J-62 19.330 4.00 15.330 0.16 9.22 Com West
J-74 19.296 3.00 16.296 043 0.60 Com West
J-182 19.241 4.00 15.241 0.07 0.14 ‘Res West
J-44 15.526 3.80 12.526 0.33 0.62 Res East
J-66 19.355 3.060 16.355 0.37 - 0.51 Com West
J-157 19.12% 3.00 16.129% -0.78 1,46 Res West
J-205 15.988 3.00 12.958 0.97 0.14 Res West
327 16.957 3.00 13.957 .40 0.75 Res West
J-91 19.547 .00 16.547 1.99 31 Res West
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(Junction Report No.3)

Node Water Level | Elevation | Residual | Demand | Peak Hour | Demand Zone
(+m)} | (4m) [Presswe(m)| (¥s) Demand(l/s)|  Pattem
J-139 19.364 | . 3.00 16,364 036 0.50 Com West
J134 18.844 | - 3.00 15.844 0.07 0.14 Res West
1177 15.992 . 3.00 12.992 1.12 - 2.09 Res East
J-141 19328 360 16328 | - 031 043 Com West
J159 19.220 360 16.220 . 070 1.31 Res West
J-189 13694 | - 7.00 6,694 0.57 1.07 Res East
J-163 16.794 3.6¢ 13.794 0.70 1.31 Res Easl
J1758 15037 3.00 12,037 0.30 0.56 Res West
J-173 15,603 300 12.603 0.39 0.73 Res West
J131 19,145 5.0¢ 14.145 0.18 0.28 Com West
J-69 15.913 .06 12.913. 073 1. 36 ‘Res East
J-73 19.522 300 16.522 0.83 1,55 Res East
J-103- 18.643 3.00 15.643 (.18 0.25 Conm West
J-102 18.679 3.00 15.679 4.22 0.31 Com West
J-109 19.485 3.00 16485 | 0.6 0.30 Res West
J-101 : 18.975 .00 - 15975 0.28 0.39 Com West
J-96 18.870 .00 15.870 0.28 0.53 Res West
J-100 19.204 6.00 13.204 .41 0.57 Com West
J-34 19.172 5.00 14.172 0.19 0.27 Com West
J53 15.267 3.00 12.267 0.17 0.32 Res West
J-31 18.062 300 | - 15.062 0.18 0.34 Res West
J22 19.142 3.00 16.142 9.16 0.22 Com West
J-61 18.899 3.00 15.899 0.26 0.36 Com West
J-58 18.299 300 15.299 | 032 0.60 Res West
J57 18.166 3,00 15.166 0.39 0.73 Res West
J-59 18300 { 3.00:| 15300 | 023 | 043 Res West
J-116 19.360 _3.00 16.360 0.28 0.53 Res West
J126 _ 19200 | 300 | 16200 | 031 1043 Com West
J-125 . 19.342 3,00 - - 16.342 0.25 0.35 Com West
J-122 19.065 | ~3.00 | . 16.065 0,07 0.14 Res West
J-121 19.349 3.00 16.349 ¢.16 0.30 Res West
J-128 18.965 5.00.°| . 13.965 0.20. 0.28 Com West
J123 19208 | 300 | 16208 | 020 0.38 Res West
J-120 19.275 3.00 16.275 0.44 0.82 Res West
J-60 18202 | 300 | 152927 | 034 0.64 Res West
J-127 18.456 3.00 [ - 154561 0.33 0.62 Res West
J-17 16.659 3.00 13.659 ¢.84 1.16 Com East
J-133 18.986 3.00 15.986 0.07 . 0.10 _Com West
37 15.872 3.00 12.872 0.07 0.19 Com East
J-129 18.987 4.00 14.987 . 0.30 042 Com West
3-29 18.062 300 15.062 0.07 0.1 - Res © West
J154 15.606 3.00 12.606 0.37 - 0.51 Com Easi
J-152 14.271 3.00 11.273 C 027 0.51 Res East
J174 15413 3.00 12413 0.33 0.62 Hes West
J-156 14.008 3.60 11.008 0.18 .34 Res East
J172 14.350 3.00 11.350 0.07 0.14 Res West
J-149 14.351 3.00 11.351 0.60 112 Res East
J-86 16.305 3.00 13,305 0.87 1.62 Res East
J-151 14.875 3.00 11.875 007 6.10 Com East
J-150 13.922 3.00 10922 0.36 $.68 Res East
J-170 10.686 360 7.686 0.07 0.14 Res Wesl
3119 13.142 3.00 10.142 0.23 0.43 Res West
JN 16.485 360 13.485 0.76 1.42 Res East
J-169 8.678 3.00 5.678 0.12 0.23 Res West

10 - 5




(Junction Report No.d)

Node Water Level | Elevation | Restdual Demand - { Peak Hour | Pemand Zone
o (#m) (+m) - |Pressure (m) {({/s} . |Demand{l/s)| Patlern o
J-54 15.035 .00 12,035 0.70 1.31 Res West
J-88 16.838. 3.0 13.838 0.70 1.31 Res East
J-179 13.613 300 10.613 0.57 107 Res East
J-81 . 13.590 3.00 10.550 0.49 0.92 Res East
J 117 18.230 .00 15.230 0.17 0.32 Res West

Total 93,97 169.66
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Netwouks Calculation at Peak Hour (Year 2003)

(Pipe Report No. 1) .

Pipe |Stat | BFnd | L | D [Mat.| C Q |V 1 HL | Stat | Eud | Zone
| ) ) {oum)| ] 1) sy | (%) ] m) | WL | WL

P337 [Tank [J2 7 [ 1,120 500 | DI [120] 169.57| 0.86 | 1.654 | 1852 [25.856 | 24.003 |- West
P-408 [J2  [J-206 | 245|s00 | DI | 120 164.62] - 0.84.| :1.566 | 0.384 | 24.003 | 23.620 | West
P-321 | J194 {J94 | - 73[400 } D1 | 120 80.31| 0.64 | 1230 | 0.090 [22.848 | 22.751 | West
P-116 | J-90 - | J4 88| 400 |- DI | 120 | 70.56] "0.57 | 0.994'| 0,087 {22.142'|22.055'| West
P20 1394 {J90 | 537|400 | DX | 120 76.8%{  0.61 | 1.135 | 0.609 }22.751 | 22.342 | West
P-4 |J4 135 | 341|400 | DI | 120] 69281 0.55 [ 0.936 | 0319 {22055 | 21736, | West
P409 {1206 | 3494 | 549|400 | D1 | 120 86,78 0,69 | 1.420 [ 0.779 {23.620 |22.841 | West
p-345 |15 | 3198 | 240|350 | o | 120 | er04] 0.63 | 1418 [ 0340 21736 |22.396 | West
P.318 )92 |38 | 500|350 | DY | 120] S3.611 0.56 | 1.116 | 0.558 |20.962 | 20404 |- West
P11 |)8 |Ji4 | 108|350 | DI |'120|: 5348| 0.56 | Li11 | 0120 | 20404 | 20.284. | West
p-3d6.| J-198 | 3192 | 309|350 | DI | 120 | 60.78|  0.63 | 1:408 | 0.434 [21.396 | 20962 | West
P-372 | 202 [ J203 | 619|350 | DI | 120 | 64.38( 0.67 | ‘1,566 | 0.969 |19.042 18,073 | East
P-371 [ J199 [ 32027 | 1,178 | 350" | DI | 120 [ 64.38|  0.67' | 1.566 | 1.845 [20.887 [19.042 | East
P-411 3206 | 3999 | 1,745/ 350 | D1 | 120| 64.38| 10.67 | "1.566 | 2.733'| 23,620 (20857 | West
P374 [ 3203|338 | 622|350 ['DX | 120 "64:38| 067 | 1566 | 0.097 [18.073 | 17.976 | East
P-340 | Tank |J-193 | 122]300 |ACP| 130 -89.90( 1:27 | 5302'| 0.644.|25856 [26.500 | West
P-323 | J37 | J85 158 | 300 | DI [-120|: 28.00| - 0.40 | 0711 0.012 | ¥7.227 | 17.134 | East
P87 [J70 |J37 | 198}300 | DX | 120) 3084 0.44 | 0850 | 0.168 [17.395 [ 17.227 | East
P-256°1 )38 |J158 | 214{300 | DX |'320] 36.34]. 0.51 | 1.152°| 0.246 | £7.976 | 12.730 [ West
P-255 [ J458 | 370 1 3191300 | DI | 120} :34.61| 1 049 | "1.052 | 0.335 | 17.730 | 17.395 § East
P12 | JH | J9 83| 250 | DI | 120 19.26] “0:39°| 0.865 | '0.072 |20.284 | 20.212 ] West
P-324 |J85 | ¥ | 337|250 | DI | 120 | 23.79] “0.48 |: 1.278 | 0,430 | 17.114 | 16.684 | East
P-244 | J-146 | 3153 | 179|250 | DI | 120 “16.67| [ 0.34 | 0.662 | 0.318 | 15908 |15.789 | East
P-293 | T8 [ J146 | 346[250 | by | 520 1746|036 | 0.721 | 0.249 [16.157 | 15908 | East
P-112 | J-87 1368 | 298|250 | DI} 120 22.17 ';‘0‘.4'5 C121 [70.334 | 17,360 | 17.026 | East
P-177 |39 | Ji24 | 549250 | DI } 120 | 18.44| 0 0.38 1:0.798 [ 0437 (20.212 [19.775 | West
P297 | J68. |J181 | 888{250 | DY.} 120 1838| 37.00. | 0.793 | 0.704 | 17.026 | 16323 | East
P-233 | J-11 [ 3-247 | 4181250 | DI | 120| 2037| ‘041 [ 0959 i 0400 |16.684116.284 | East
P-298 [ J181 |10 | 446]2s0 | DI | 120 15.70| 032 |0.592'| 0.264 |16.323 | 16.065%"| East
P-31 {135 |[J23 | 5470250 | DI | 120] 11.86; 0.24 | 0352 | 0193 |19.653 } 19,460 | West
P-202 | JM7 | J478 | 142|250 | 'DI | 120| 19.63] "0.40 | 0.896 | 0127 |16.284 } 16157 | East
P-373 1J-38 | J-87 413|250 {"'DI | 120 25.87] ' 0.53 | 1.492° | 0.616 {17.976 | 17.360 | West
P78 |J124 1335 | 183|250 | DI { 120 ;1674 0,34 1 0.667 | 0122 |19.775 | 19.653 | West
P21 [J23 1J10 | 106|250 | ‘DI }'120| - 479] . 0.10 |- 0,666 | 0.008 [19.460 | 19.452. Wesl
P-100 | 319 | J-20 249 1200 |PvC| 140 | “11.70]: 0.37°| 0.766 |: 0.190 [ 14.874 | 14.684 [ East
P-410 [ 320 ' | 376 | 313]200 |PvC| 140] 10.74] " 0.34 | 0.654 | 0.205 [ 14.684 | 14.479 | East
P-103 1 376 | J78 | 739|200 |PVC| 140 | 13.06] - 0.42°| '0.939 | 0.694 | 14.479 | 13.785 | East
P-240 | J-148 | J-18 179|200 {PVC| 140} - 2.80|  0.09 |- 0.054|:0.010 [15.178 { 15.168 | East
P-308 jJ-188 | J-80 328200 [PVC]| 140 | 9492 0.29 | 0.473 | 0.061 | 13.675 § 13.615 | ‘East
P-412 [ )18 | 3188 | 208|200 [Pvc| 140 9.58| 0.30-| 0.529 | 0.110 | 13.785 | 13.675 | East
P-404 |J41 [J148 | 684200 |PVC| 140 | 12.39| 036 | 0.729 | 0.498 | 15.676 | 15178 | East
P-103 | J40 | J41 3991200 |Pve | 140 | 1322| 042 | 0960 § 0383 | 16.059 | 15.676 | East
P-245 | J153 |J18 | 700|200 [pvC|i40} 12.67| “0.40 | 0.888 1 0.621 | 15789 | 15.168 | East
P-123 |J64 [ 395 "1 332|200 {PvC| 140] 15.06] 0.48 [ 1.222 |- 0.405 | 20:115 [ 19700} West
P73 |J14 |J64 | 96|200 [PVC| 140 18.36| 058 | 1.763 | 0.168 20.284°| 20.115 | West
P14 jJ14 1J45 276 | 200 |PviCy{ 40| 1572 0.50 { 1.323 | 0.365 [20.284 | 19.919 | West
P-18 | J-18° {J-19 273|200 [PvCi 140| 14.09| 045 ] 1.080 | 0294 |15.168 [14.874 | Ead
P15 | )15 [J-16 | 23d{200 |evc] 1do| 1407 0.45 | 1092 | 0255 [19.919 | 19.664 | West
P206 | J-136 Center-1| 124200 | DI | 120] 227] 0.07 | 0.049 | 0.006 [ £9.436 | 19.430 | West
P-354 | J-166 [ ¥75 | 166|200 { DF | 1201 1.12] 0.04 [ 0.013 | 0.002-| 19.426 | 19.424 | West
P-387 V-1-Out| X211 | 72200 | DF | 120] 000 0.00 | 0.000 | 0.000 | 16.684 | 16.684 | West
P-205 | }10 . | 3136 | 147|200 | DY | 120| 3.51| 011§ 0.110 | 0.016 {19.452 | 19.436 | West
P-143 [Ceaterd| J-306 | 107]200 | DI | 126| 1.89| 006 | 0.035 | 0.004 |19.430 | 19.426 | West
P-386 [ J75 FCV4Iq 2751200 | DI | 20| 0.00] 0.00 | 0000 [ 0.060 | 195424 | 19.424 | West
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- {Pipe Report No.2)_'

End

Pipe | Start | End L D [Mat. | C | Q Y I ~HL Start Zone
1B oo ey | W) )| ) (m) | WLO|WL
P19 [J20 | J21 215 150 [PvC| 140 -0.82( 0.05 [0.023 | 0.005 [ 14.684 14679; East
P-303 | J184 | 377 229 | 150 PVC | 140 | - 1.96] 011 | 0115 | 10,026 | 14.576 | 14.556 | East.
P-302 | 184 | J76 | 624|150 [PVC| 140} 232} 0.43'| 056 [~ 0,697 | 14.576 | 14472 East
P-415 | 380 [ J82 | 224|150 |PVC| 140 [ © 2721 041 | 1271 | 0.284 13,615 {13331 | East
p-116 [ J-82- | J83 | 287|150 [PVC{ 140 | . 6.54] 037 | 1.060 [ 0304 13.331.] 13,027 | ‘East
p-417 | 383 BEDum| 797|150 |PvC| 140| - 4.62] 0.26 | 0557 | 0.443 | 13.027 (12.584 | East
P-114 1 J80 {J81 | 4261150 |PVC| 140 | ~135{ 008 | 0057 | 0.024 13.615 { 13.590 | East
p.330° | J32 | 331 “| 70| 150 |PvC| 140 | 301 .0.07 | 0252 ] 0.018 | 18079 | 18.062 [ West
p-421 | J148 | J-183 | 523|150 |PVC{ 140 | - 560( 032 ] 0.795 [ 0.416 15478 [14.762 | East |
p316 | 316 [ J-191 | 579150 [PVC| 14017 325! 0.8 | 0.291 | 0,168 §19.664 119.495 | West
p379 | 313 | J201°| 193|150 |pve| 140 | 11.25) 0.64 | 2891 | 0.556 | 19,368 | 18.812 | West
P119 | 3206 | 793 | 817|150 [pvc} 140 ] 13.29] 075 | 3933 | 3211 | 23,620 20409 | West
P-296 | 332 {¥ss | 2191150 iPVC| 240 |  634] 036 | 0.999 | 0.278 | 18.603 18326 | West
P269 {392 . | Y167 | 420150 |pvC| 1d0|  -732| (041 [ 1304 | 0.547 [19.608 | 20.155 | West
p-118 | 392 |367. | 392|150 [pvC| 40| - 38| 018 | 0280 | 0.110 | 19.608 | 19.498 | West
p-394 [J93 |J167.| 100|150 |PVC| 1407 10.48|  0.59 | 2537 | 0.254 | 20409 20,155 | West
P-122 | J-183 | 3184 | 2457150 |PVC|[ 140 | " 546 0.31 [ 0.760 | 0.186 | 14.762 | 14.576 | East
pa22 [ Jos |33 | 103|150 [Pvc| 140 | 12.3| 0.69 73323 | 0342 | 19.710 | 19.368 | West
P-310 (178 13189 | 428150 |PvCi.-140} -2.75] 0.6 | 0214 [ 0.091 13.785 | 13.694 | East
p-55 |J-s6- [J32 | 216|150 |PVC| 140 3611 020 | 0.352°| 0.076 j18.155 | 18.079 | West
P-54 | J-55 |J-56 359 | 150 [PV | 140 | " 425| 024 | 0477 0.174 | 18.326 | 18.155 | West |
P-315 | J67 | 3191 | 615|150 [PvCi gd0|  036] 002 ] 0.005 | 0.003 | 19.498 } 19.495 { West |
p-388 | 3201 |32 | 811150 |PVC| 140| 10.56] -0.60 | 2.570 | 0.207 {18.812 18,605 | West
P.305 | 577 - | J185 | 563|150 [pvC| 140 - 136]| 0.07 | 0043 | 0.024 |14.550 [14.526 | East
p.130| 399 1329 |- 48lis0o lpvel rs0} oss| 003 | 0011 | 0001 | 18062 18.062 | West
P-131 1399 | J31 7| 1991150 |PVC( 240 - 018} 0.01°] 0.001 | 0.000 18.062 {18,062 | West
P-376 | J-38 | V1-In| 96150 |PVC| 140 - 0.00| - 0.00 | 0.000 | 0.000 | 17:976 | £7.976 | West
p.o3 |X65 |37 | 126|150 fevCiid0]  3.06] 047 | 0261 | 0.033 19,555 | 19522 | West
P377 (V-1-0ut| 373 | 321|150 {PVC|:140 | 0.00] 0.00 | 0.000 | 0.000 | 19522 | 19,522 ] West
P-209 | J-138 Center-3} 362150 [BVC| 140 |~ 031 0.01.| 0.001 [ 0.000 }19.430 [19.430:| West
P77 |316 | 165 | 150|150 [PVC| 140 | 532] . 0.30 | 0724 | 0.109 | 19,664 [ 19.555 | West
p-391 (316 1336 | 8301150 |pve| 140 [ 302) 037 | 0.254 | 0211 | 19,664 } 19453 § West
p210 [J36 |J138 | 220]1s6 |pvc| 140| 1.87| ‘0.41.|.0.105 [ 0023 | 19.453 [19.430 | West
P16 |11 [ya7- | 197|156 [Pve) 40 207| 002 | 01271 0.025 | 16684 | 16.659 | East
P-192 | J-63 [3130| 134|150 {PVC|.140| 529{ 030 | 0.717 | 0.096 | 19,290 19.194 | West
P91 | 130 | )22 | 158|150 |PVC| 140 | © 349" 0.20 | 0331 | 0.052 § 19194 | 19.142 | West
P-69 |J23 |J63 | 158150 |PVC] 140 659 037 | 1.076 | 0.170 | 19.460 | 19,290 | West
P-395 | J-10 Mt Saiof 145|100 [PVC| 140 0.04] 0.02.] 0.006 | 0.001 [19.452 {19.451 | West
P-397 MWest End J-53 3131100 [PvC| 140]  1.65| 021 | 0.593'| 0.186 | 15453 | 15.267 . West
P-341 {3194 | J197 | 549|100 |pvC| 140} 3.97] 0.51 | 3031 | 1.662 22841 [22.179 | West
P-342 | 3197 | 3195 | 313|100 [PvC| 10| 3.71] ©.47 | 2.666 | 0.835 [21.179 {20344 | West
p.301 | 326 | 3205 | 238100 |PvC| 140| 327 o042 | 2039 0.588.116.576 | 15988 | Wesi
P-383 N-2-Out| J-37 91100 |PVC] 146 0.00{ 000 | 0.000.] 0.000 | 17227 | 17.227 { West
P78 336 | 366 104 | 100 {pvC|. 140 | 231| 027 | 09457 0.098 [19.453 | 19.355:| West
P-368 | J-62 | J182 75 {100 [pPvC| 140| 239 030 [ 1184 | 0089 | 19330 [ 19.241 | West
p.ag2 [J74 |v2dal 283|100 |PvCY 140| 0.00] 0.00 | 0.0001 0.000 |19.296 | 19.296 | West
P90 [J40 |[J44 | 467|100 |PvC| 140| - 234 030 | 1.142.| 0533 {16059 115, 526 | East
P-367 .§ J-182 | J-34 881100 [PvC| 10| 192| 0.24 | 0.788'| 0.069 |19.241 | 19.472'| West
P-338 | J-44 | )42 437|100 [pve| 40| 159 020 | 0.556 | 0.243 [ 1552615283 | East
P33 |J35 |[J36 371|100 {PvC| 140 1.56] .0.20 | 0.538 | 0.199 |19.653 | 19.453: | West
P67 |J35 )62 1821 100 |pve| 140] 298] 038 | 1779 | 0323 | 19.653 19330 | West
P-356 [ 366 | 374 175 [ 100 [PvC| 140 ] 1.22] - 0.16 | 0.342 | 0.060 | 19.355 | 19.296 | West
P-313 | 12 | 327 498 | 100 |PVC| 140 | 4.16| 053 | 3309 | 1.648 | 18.605 | 16.957 | West
P-389 | 3157 {V.5In| 326]100 [PvC| 140 0.00| 0.00 [ 0.060 | 0.000 [19.129 | 19.12% } West
P-402 | 1265 [WEnd| 273|100 |PVC] 140| 3.34] 0.40 | 1.965 | 0.536 | 15.988 | 15.453 | West
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(Pipe Report No.3)

Pipc | Start | End | L. | D [Mal} C Q A I BL | Stat | End | Zonc
S i (m) jm)f. || W) | {mis) | (Re) | Gm) | WL | WL
P29 [J32 [J33 | w45]160°{pvC] 140 0.20f. 0.03 | 0.012 [ 0.002 [ 18,079 | 38.078 | West
P-390 [V-5.-Out| J-158 63{ 100 {PVC| 240 |° 0.00] "0,00 | 0060 | 0.000 [i17.730 (117.730 | West
P25 | 327|326 | 166}100 [PVC| 340 | 34K 043 | 2291 | 0.380 [ 16.957 | 16.576 | West
P339 | 349 | )45 | 649} 100 jPVC| 240 | - 150|019 | 0.503 | 0.327 | 14.874 | 14.547 | Bast
P393 | 391|192 | 195180 |PVC| 140 -065| Q.13 | 0315 | 0.061 | 19.547 | 19.608 { West
P-213 | J-139 | J-106 | 359180 [PYC| 140 | - -0.47| 0.09 | 0.174 | 0.062 | 19.364 | 19.426 | West
P-363 | J434.:1 J29 - | 686180 [PYC| 140 ‘1.30| 0.26 | 1.140 | 0.782 | 18.844 | 18.062 | West
P-290 [ J-177.{J69 | 219{80 - {PVC|'140 | - 0.70| 0.14 | 0359 | 0,079°(15,992 | 15.913 | East
P-219 | 3141 | J757 |. 350180 {pvC| 140 -0.60| 0.20 ) 0.275 | 0.096 [19.328 [ 19.424 | West
P.259 | 3159 [ J66 | 495180 {PVC|'140| -0.60| 012} 0.274/| 0.135 |19.220 |19.355 | West
P-311 | J:189 {379 | 1831801 {PVC| 140 1101 0.22 | 0842 [ 0.154 | 13.694 | 13.540 | East-
P-262 | J157 [ 3161 | 260]80 {PvC|:2d0| 060| 0.2'] 0274 .0,071 [19.129. [19.058 | West:
P-266 | J163 | J7n | 284180 {PVC| 140 . 127 0.25 {  1.090 | 0310 | 16,794 | 16,485 | East
P-285 | J-175 1354 | 26780  |PVC| 140 | - 0.08] 0.02 | 0.007 | 0.602 | 15037 ; 15.035 | West
P-319 | 3192 | J191 |: 585]80 {PVC| 140 . 1.99|: 7040 | 2.509 | 1.466 [20.962 | 19495 | West:
P279 | J173 {354 | 266]80 {PVC| 140| 1.83| 036.]:2.13% | 0.568 | 15,603 [ 15035 | West
P-195 | J.131 ;3101 | 146 )80 {pvC| 140 | 131 026! 1163 | 0.170 [ 19.145°[18.975 | West
P-110 |J83 386 - | 395]80 {PVC| 140 | 179|036} 2052 | 0.810 [17.114 16305 | East-
P-263. ] J74 j 3161 | 28580 |PVC| 140 |  1.10| 0.22| 0834 | 0.238 | 19.296' | 19.058 | West
P-117 {190 [J91 | 468)80 {PVC| 140 - 3.06| 0.61 | 5.551| 2.595|22.142 | £19.547 | West
P-113 [ J87 {J)88 |' 225]80 {PVC| 140  1.9%] " 0381 2326 1°0.522 | 17.360 } 16.838 | East
P-218 | )74 §J141 | 185180 [PVC| 140 | -0.47|. 0.09:] 0175 ] 0.032 | 19.296 {19.328 | West
P-114 | J69 |J-89 | 24080 {PVC|:240 . 1.01] 020 0.715 { . 0.171 [ 15913 115742 | East
P-358 | J68 | J-177 | 308180 [PVC| 140 (. 233| 0.46:|:3364 {:1.035|17.026°| 15.992 | East’
P-253 73 | Ji57 [ 260180 {PVC| 140 | 152} . 030 |"1.51S [ 0393 19.522 | 19.129 | East |,
P-265 | J70 | J-163 | 14980 [PVC| 240 | ©2.58] 0.51 | 4.043 | -0.600 | 17.395 | 16.794 | East'}
P-366 | J-103 | J-S9 188§ 80  [PVC| 140 - 1.68[ . 0.33 | 1.828'|.0.344 | 18.643 | 18.300 | West
P-141 | J102 | J-103 | 221§80  [PVC| 140 | :045] “0.09 | 0.161 | 0.036 | 18,679 [ 18.643 | West
P-169 | J-109 | J-121:| 74180 IPVC| 140 - 1.68] 1033 | 1832 | 0.236 | 19.485/| 19,349 } West. |:
P-153 | J-109 {3310 | 273]80 jPVvC| 40| 0.79] 0.16 | 0.456 {:0.125 | 19.485 | 19360 | West
P-138 | J-101 | J-102 | 152} 80. |PVC| 140 174 035 | -1.949 | 0.296 | 18.975 | 18.679 | West |,
P-125 [ )96 [ )34 | 36880 [PVC| 140 | -1.09] .0.22 |- 0821 {0.302 | 18.870 | 19.172 | West
P-167 | J95 | J120.| . 212580 IPVC| 140 | - 1.79) 1036 | 2.055 | 0.436 | 19.710 | 19.275 | West
P-194 | J-100 [ J-331 | " 164}80 fpvC| 140 | 089 018 | 0.565 | 0.059 19204 | 19.145 | West |
P-134 | J-100 | J-63 19280 [PVC)| 140 |- -0.79] " 0.16 [ 0.451 } 0.087 |19.204 | 19.290 | West
P-212 [J66 | 3139| 203{80 [pvC| 140" 0.22]° 0,04 | 0.043 ] 0.009 | 19355 | 19.364 | West-
P86 |J37 |J69 | 719580 .[PVC| 140 | . 1.68[ ' 0.33 | 1828 | 1.314 [17.227 | 15.913 | East
P-187 [J34 | J128 | 256180 |PVC| 140 1.08| 0.21 | 0308 ]. 0.206 | 19.172 | 18.965 | West
P284 | J-53 | J175 | 196180 [PVC| 140 | 132) 026 | 1.179 | 0.230 | 15.267 | 15.037 | West
P91 |J44 | )72 489180 [PVC| 140 | 0.14]  0.03 | 0.018 | 0.009.|15.526 | 15,518 | East
P-280 | J-31 [J473 | so6|s0 [pvC| 140 2.85] 0.57 | 4865 | 2.459 | 18.062 | 15.603 | West |-
P-124 [ J12 | 396 318180 {pvC| 140 | -1.0] 022 | 0835 0.266 | 18.605 | 18.870 | Wesi'
P81 1J5 |J67 | 684|800 (PVC| 140 "'230] © 046 | 3273 | 2237 [ 21.736 { 19.498 | West’
P136 | J22 [ J101 | 19880 pvC| t40|  1ax| 0.22 [ 0.845 {70.167 | 19.142 | 18.975 | West
p-335 [J22 | 361 84|80 [PvC| 140 2.16] 0.43 | 2908 | 0.243'|19.142 | 18.899 | West
P-133 [ J62 | X100 | 373 |80 |pvc| 10| 067| 0.3 | 0338 | 0.126 | 19.330 | 19.204 { West
P-14¢ | J61 | J-103 | 17780 |PyC| 140 148|029 | 1446 | 0.256 [118.899 [118.643 | West
P-258 (165 | 3159 | 31780 |pvC| 140  1.25| 025 | 1.059 | 0.335 | 19.555 | 19.220 { West
P-151 | )64 |J109:| 13680 jpvc| 140|  277| 0.55 | 4639 | 0.631 [20.115 | 19.485 | West’
P201 | J61 | 3134 | 11280 |pvC| 140 083 0.16 | 0.497 | 0.055 | 18.899 | 18.844 | West
P-57 1J58 |Js7. | z01|8 |evC| 140| 097| 0.19 | 0664 | 0.133 | 18.299 | 18.166 | West
P-5¢ 1J-57 |JS6 | 220(80 |pvC| 140 0.24| 0.05 | 0.050 | 0.011 | 18.166 | 18.155 | West
P-132 j J-59 | J%9 321|800 |PvC| 40| 1.03| 0.206 | 0.740 | 0.238 | 18300 [ 18.062 | West
P-60 1J-59 |30 194 |80 [PVC| 140{ 0.22]| 0.04 | 0.041 | 0.008 | 18.300 | 18.292 | West
P-179 | J-110 | J125 | 29680 |PvC| 140 0.27] 0.05 | 0.061 | 0.048 {19360 | 19.342 | West
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{Pipe Report No.d)

Zone

Pipe | Stat [ End | L -] D [Mat} C Q v | 1 HL | Stat | End

1. ' m) [mm)f. (ﬂs} (ssy | (%) i m) ) WL | WL 3
P-183 | J-126 J-34 | 136 [ 80 [pvC|[ 140 |- 0.52] (0.10 (- 0.207 | 0028 (19.200 19,172 | West
p-180 |J-125 § 362 | 153|80: |pvc| 140 - 031) 006 | 0.081 | 0.012 |19.342 [19.330 [ West
P173 | 122 | )96 | 132|180 |PVC| 140 1.63] -0.32 | 1,741 | 0.105 19.065 | 18.870 | West
P.174 | 121 | J123 |- 18280 |PVC] 140 §: 105|021 | 0772 | 0.141 [ 19349 19,208 | West
p.188 | 3928 | 101 | 13180 fpvc| 140] 029 0.06 | 0073t 0.010 {18.965 | 18.975 | West
P.182 | J123 1126 | 257 (80 tpvc| 140 019] ‘0.04 | 0033 | 0.009 [19.208 | 19,200 | West
P-172 | 3120 {3122 | 187(80 |PVC| 140 " 129] 0261 L119 | 0208 19.275 | 19.065 | West
P64 |J60 |J117 | 95]65- |PVC|:140| - 056) - 017 | 0.650 [ 0.061 | 18.292 |18.230 | West
P-352 [ 3139 | J14r | 17465 |pvC 140 - 030] 0.09 | 0208 | 0.036 [19.364 |19.328 | West
P211 13538 | 3137 {16265 |PvC| 1401 | 0.55| 0.7 | 0639 |- 0.104 | 19.430 | 19.327 § West
P.186 | 3327 .| J58 - | 31965 {evC| 140 | . 048] €.14 | 0491 | 0.157 | 18.456 | 18,239 | West }
P-369 | J-182 | Ji31 | 37465, [PVC| 140 |- 034 0.10 | 0257 | 0.096 [19.241 119,143 | West
P-181 | )24 |Ja25 | 174 |65 [PVC| 146 | 1351 0.35 | 2.486 | . 0.433 [19.775 |19.342 | West
P-236 | J-148:| J.149 | 334 |65 |PVC| 140 »115 035 | 2481 | 0.827 |15.178 |14.351 | East
P.176 | 3123 | J-122 | 285|6s. {pvC| 140 | 048[. 0.15![ 0.502 | 0.143 19,208 [19.065 | West | -
P-384 | J141 | va3.In| 283)65 [PVC| 140|000 000 | 0.000 | 0.000 19328 19328 | West
P-184 3125 1 J-126 | 124 | 65 |PVC| 140 0751023, - 1.146 | 0.142 | 19.342 | 19.200 | West
P-232 |Jad6 |37 | 21765 |PVC|i140 | 027| S 0.08°|. 0167 | 0.036 | 15.908 | 15872 | East
P228 [ )17 X145 | 52965 [PVC{ 140 | " 022{ '0.07:] 0.121 | '0.064 | 16.659 | 16.595 | East
P-229 | J-17 |37 | 808|65 (PVC{i140} '0.69 - 021 |. 0976 | 0.788 | 16.659, | 15.872 | East.
P-193 | 3130 | )220 | 113} 65 {PVC| 140] . 0.97| 029 [ 1.833 | :0.207 | 19.194 118.987 } West
P-203 |J133 §J134 | 187{65 |PVC| 140|  0.61| 018 | 0.765 |- 0.143 | 18.986 { 18.844 | West |
P-196 | 3131 13130 | 193 |65 [PVC| 140 |° -0.34] 0.10 § 0257 | 0.049 [19.145 | 19.194 | West |-
P-248 | )7 - [J154| 183 |65 YPVC] 140 r-"oss 10.26 | 1.453 | 0.266 | 15.872 | 15.606 | East
P-200 [ J-10 - |J133 | 516|65 {PVC] 140]  0.66| * 0.20 [ '0.903 | 0.466 | 19.452 [18.986 | West
P-190 | 1120 |36t | 1s7]65: |pvC| 140 051 1015 |.0.560 | 0.088 }18.987 |18.899 | West
P-204 | F129 | 3133 | '127| 65 |PVC| 140 0.04] - 0.01 { 0.006 | 0.001 |18.987 | 18.986 | West
P-180 | J-128 [J58 | 29365 [PVC| 140 | " 1.09| . 033 .| 2277 | 0.666 |18.965|18.299 | West
P-214 | ¥138 [ 3139 § 104| 65 |PVC| 1403  0.55| 0.17 | 0.639 | .0.066 | 19.430 | 19.364 | West
P-385 [V-3-Out{ J-85 .| . 77165 |PYC| 140 000 0.00 | 0.600 [ 0.000 |17.114[17.114 } West
P-364 | 329 {1174 | . s07|e5 - |pve| 10| 171 P 052 | 5223 | 2.648 [ 18.062:[ 15,413 | West
P.208 | J-136 |J-137 | 373 65 [PYC]} 140 | 036 0,11 | 0.294 | 0.109 | 19.436:| 19327 | West.
P-207 | J-136- [ 1135 { 124 | 65 |PVC{. 140 ] ~0.43| 0.13 | 70.406 | 0.050 | 19436 | 19.386 | West
P-246 | 3153 | J-152 | 128 1 65 “[PVC['140 | * 2.67| 0.81 |1 932 | 1.539 | 15.789 | 14.271 | East
P-247 | )-154 | J1S1: | 1347 |65 . |PVC| 140 1.05| 032 { 2.107 | [0.730 | 15.606-(14.875 § East
P-185 | 396 | 3127 | 18165 |PvCi 140 | i 130f 033 | 2290 | 0.414 | 18.870 | 18.456 | West
P-25% | J-152. | 3156 | 130} 65 {PVC|140| - 1.03[" 031 | 2.030 | 0263 | 14.271} 14.008 | Fast
P-249 | 3153 | 3354 | 183|65 [pvC| 140 0.70] 021 | 1007 {5 0.184 | 15789 | 15,606 | East
P-281 | J-174 | X172 | 30265 |[PVC]| 140| _1.38 0,42 | 3.520 | 1.063 } 15.423| 14.350 | West
P36s 13102 | 360 | 209|6s tpvc|ii40f 098] 029 | 1853 | 0.387 | 18.679 | 18,292 | West
P-260 | J-159 | 3357 | 147} 65 |PVC| 140] 0:54| 0.16 | 0.621 | 0.091 | 19220 | 19.129. | West
P-252 | J-1s6 | 3155 ] 330 (65 - [pve| 140|162} 0491 4732 | 1559 | 14.008 | 12.449 | East
P-171 | J-121. §3-120 | 311|65 - |PVCY 140 - ‘0.3'2 010 | 0239 | 10.074 {19349 | 19.275 1 West
P-276 | J-172 {3119 | 201 | 65 |PVC| 140} 1.85| 056 | 6.028 | 1209 |14.350:§13.142 | West
p-250 [ J149 [J1s6 | 201]65 {pvC| 140| -0.94] 028 [ 1709 | 0.343 | 14.351 | 14.008.| East.
p-235 | 386 | J147 | 312165 |PVC| 140| 0.6] 005 | 0.066 | 0.021 | 16.305 | 16.284. } East
P-238 | 3151 [ J-149 | 322)65 |pvC| 140| 0.91] €28 | 1.630 | 0.525 | 14.875 | 14.351 | East
P-243 {152 {3150 | 14265 [pve| 140| 114|034 | 2456 | 0.349 | 14271} 13.922 | Eat
p-241 | J1s1 |J39 | 386165 |[pvC| 140 - 0.04] 0.01 | 0.0604 |- 0.002 | 14.875 | 14874 | East
p-283 | 3173 | 3174 | 27050 |pvC| 140| 0.29] 0.15 | 0.702 | 0.189 | 15603 | 15413 | West
p296 | 3150 |J-180 | 388 |s0 |pvc) 140| 0.46| 024 | -1.672 | 0.648 |13.922 | 13274 | East-
P.312 | }189 | J-187 | 301|se |pvC} 140f 0.58| 030 | 2555 | 0.769 |13.694 | 12.925 | East
P.274 | 3170 |J171 | 347{s50 |pvc| 140| 0.56] 029 | 2398 | 0.831 |10.686 | 9.855 | West
P-275 | 3119 | J170 | 186{50 |pvC| 140| -142] 0.72 [13.204 | 2.456 | 13.142 | 10.686 | West
P-291 | 371 | J177 | 309)50 |pvC| 140| 045] 0.23 | 15951 0.493 | 16485 [15.992 | East
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{Pipc Repord No.5)

Pipe | Start | End | 9 D Mal| C Q Vv I HL Stant End | Zone
: . (m) |(mmy} () | (mfs) | (%) | (m) | WL | WL |
P-273 1170 [J169 | $35[50 {PVC| 1401 0.72]. 037 [ 3.752 | 2.007 | 10.686 [ 8.678 | West
P272-|J169 [NWEnd 20650 {PVC| 140] 0.49] 025 | 1845 | 0.379 | 8.678 | 8.299 | West
P294 [ J-178 | J179 { 178 | S0 |[PVC| 140} 1.48] 0.75 | 14.336 | 2.545 | 16.157 | 13.613 | Fasl
P278 {154 [J172 | 25250 |PVC|.140) 060] 031 | 2.716 | 0.684 | 15,035 | 14.350 | West
P-288 | J-88 | J.71 130 |50 |PYC| 140 . 0.60;. 031 | 2.716 | 0.353 | 16.838 | 16,485 | Fast
P.285 {J-179 | J180 | 24850 [PVC| 140| 042{ 021 | 1.367 | 0.338 |13.613 |13.274 | KEast
E Dump| J-81 . EDump| 586|350 [PVC| 1401 043] 022 | 1.475{ 0.864 | 13,590 | 12.726 | East
P-309 §J-188 | J-187 | 524150 |PVC| 140f 043] 022 | 1433} 0.750 [ 13.675 | 12.925 | East
P33 {J175 [J176 | 326|50 |pVC| 140} 0.68] 034 | 3349 | 1.092 | 15.037 | 13.945 | West
P-331 | J-117 [J3-33 110 [ 40 |[PVC| 140 [ 023 019 | 1393 { 0.153 | 18.230 | 18.078 | West
P-121 1394 {7393 419140 |PVC| 140] 050 039 | 5.591 | 2.343 | 22.751 [ 20.409 | West
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Networks Calculation of Five Case

Whether the distribution networks can supply enough water for fire-fighting work in the casc of fire
happening was hydraulically studied.

The following assumption were made for hydraulic calculation.

- “The fire happens at the same time (07:00 am.) at two strategic points in the cily: one at Center-1 in the
West Zone and the other at J-18 in the East Zone (See the Fire-Happening Location Map shown below.).
The fire-fighting water is to be taken from ﬁfe hydrants placed on the distabution pipelines theough fire-
fighting car with engine pump.

The fire-fighting water is 1.0 m’/min, = 16,67 I/sec. at one fire happening place.
‘The water pressure is {0 be positive (more than +0 m above the sea level) at the fire hydrant.

e hydraulic calculation was carried out and its result is presented in the following pages. ‘The result
shows that the water pressure is positive at the both fire-happening places: Center-1 and J-18.  The pipeline
will be able to supply fire-fighting water (o the fire-fighting car.

(Fire-1 at Center-1] [Fire-2 at J-18
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Hidra\u&ﬁalmlmmn of Fire Case (1)

Node Water Level Flevation Resxd_ua! Demand Peak Hour Demand Zone
(+m) (+m) Pressure (i/s) Demand. Pattern
(m) . ({fs) .
J-2 22556 740 15.556 2.66 4.95 Res West
J4 19.881 400 15.881 1.22 2.27 Res West
J-s 19.427 3.00 16427 319 5.94 Res West
J-7 9.637 340 6.637 0.07 0.10 Com East
J-8 17433 3.00 14.433 0.07 0.14 Res West
Jo 17.104 300 14.104 0.44 0.82 Res West
J-10- . 15.364 4.00 11.364 0.35 0.49 Com WWest
J-11 11.233 3.00 8.233 0.72 1.34 Res East
J-12 15.234 300 12.234 0.62 1.16 Res West
J-13 16,151 3.00 13151 . 047 0.88 Res West
J-14 17.249 3.00 14.249 0.07 0.14 Res West -
J-15 16757 3.00 13,757 0.83 1.55 Res West
J-16 16.402 300 13.402 - 138 2.57 Res West
J-17 11.203 3.00 8.201 0.84 1.16 Com East
J-18 1,789 3.00 4,189 17.42 18.05 Fire- East
. ' happening
J-19 7.522 3.00 4,522 0.4% 0.92 Res East
J-20 - 1.337 - 3400 4.337 0.07 0.14 ‘Res East
J21 7.332 5.00 2332 0.44 0.82 Res ¥ast
J-22 15.240 '. : 3.00 12.240 0.16 0.22 Com West
J-23 15.425 6.00 9425 0.34 047 Com West
West End 12.008 © 3.00 9.008 0.80 1.49 Res West
J-26 13.162 3.00 10.162 0.07 0.14 Res West
J-27 13.552 3.00 10.552 040 0.75 Res West
J-28 14.517 3.00 11.517 007 0.14 Res West
J-31 14519 3.40 11.519 0.18 0.34 Res West
J-32 14.543 3.00 11.543 . 0.2} - 0.40 Res West
J-33 14.540 3.00 11.540 0.23 0.43 Res West
M 15.530 5.00 10.530 G.19 0.27 Com West
J-as 15.929 4.00 11.929 0.25 0.35 Com Wesl
J-36 15.421 3.00 12.421. 043 0.60 Com West
J-37 12.198 3.00 9.198 06.62- 1.16 Res East
J-38 13.375 - 3.00 10.375 1.16 2.16 Res West
Center-1 15.026 .00 12.026 17.02 17.16 Fire- West
happening

J-40 10.002 7.60 3.002 .07 0.14 Res East
J41 9.139 1¢.00 -0.861 0.98 - 1.83 Res East
J-42 9.227 3.00 6.227 - 0.85 - 1.59 Res East
J-44 9.470 3.00 6470 0.33 0.62 Res Easi
J45 7.195 3.G0 4,195 1.09 1.50 Com East
J-53 11.813 3.00 8813 . 0.}7 0.32 Res West
J-54 11.563 3.60 8.563 0,70 1.31 Res West
J-55 14.885 3.00 11.885 1.12 2.09 Res West -
J-56 14.647 3.00 11.647 0.47 0.88 Res West *
J-57 14.648 3.00 11.648 0.39 8.73 Res West .
J-58 14.743 3.00 11.743 0.32 .60 Res West
J-59 14.639 3.00 11.639 0.23 0.43 Res West
J-60 14.628 3.00 11.628 0.34 0.64 Res West
J-61 15.054 3.00 12.054 .26 0.36 _ Com West
J-62 15.652 4.00 11.652 .16 0.22 Com  West
J-63 15.332 6.0 9.332 0.37 0.5% Com - West
J-64 17.641 3.00 14.041 .28 0.53 Res West
J-65 16.224 3.00 13.224 0.54 1.01 Res West
J-66 15.265 300 12.265 0.37 0.51 Com West
J-67 16.539 3.00 13.539 215 5.12 Res West
J-68 11.843 3.00 8.541 4.78 id6 Res East
J-6% 10.822 3.00 7.822 0.73 1.36 Res Cast
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Hydraulic Calenlation of Fire Case (2}

Node Water Level Elevation | Residual Demand Peak Hour Demand Zane
(+m) {+m) Pressure {ifs) Demand. Pattem

i o . {m) ) {ifs)

J0 §2.473 3.00 9473 - 0.64 1.20 Res East
I 11.515 3.00 8.515 6.76 142 Res East
3 %461 3.00 6.461 0.07 0.14 Res East
J73 16.174 3.00 13174 0.83 1.58 Res East
74 15.149 3.00 12.149 0.43 0.60 Com West
J75 15.026 3.00 12.026 0.37 0.51 Com West
J76 . 1139 3.00 4.139 0.00 0.00 Res East
J-77 7.226 . 3.00 - 4.226 043 0.31 * Res East
J18 6.446 3.00 3.446 0.3% 0.73 Res East
J-79 6.201 3.00 . -3.201 0.59 1.1 Res East
J-80 6.2175 3.00 3.275 - 0.24 0.45 Res East
J-81 §.251 3.00 3.251 0.49 0.92 Res East
J-82 5.991 - 3.00 2.991 0.36 0.68 Res East
J83 5.688 - 3.00 2.688 1.03 1.92 Res Fast
Southeast "5,244 3.00 2.244 248 4.62 Res East
End .

J-85 12006 3.00 9.006 139 242 Res " East
J-86 10.738 - 3.00 7.218 0.87 1.62 Res East
J-87 12.404 3.00 9.404 0.96 1.79 Res East
J-88 11.878 3.60 8.878 0.70 131 Res East
J-8% - 10,651 3.60 7.65% 0.54 1.01 Res East
J-90 20.003 4.00 16.003 122 227 . Res West
J-91 16.810 300 13.810 1.99 371 Res West
392 16.824 - 3.00 13.824 1.87 348 Res West .
}93 17.985 - 500 12.985 1.77 3.30 Res West
394 20.849 - 7.00 13.849 1.57 293 Res West
J-95 16.555 300 13.555 0.61 1.14 Res West
J-96 15.389 3.00 12.38¢9 0.28 0.53 Res West
J-99 14.518 - 3.80 11.518 0.16 . 0.30 Res - West
J-100 15.325 6.00 9.325 0.41 0.57 Com West
J-101 15.172 3.00 12172 0.28 0.39 Com West
J-102 - 14.918 - 3.00 11.918 0.22 0.31 Com West
J103 . - .14.882 3.00 11.882 6.18 0.25 Coim West
J-109 16.113 3.00 13.113 - 0.16 .30 Res West
J-110 15.837 3.00 - 12.837 0.28 0.53 Res West
J-119 9.652° 300 6.652 0.23 043 Res West
J-120 15.916 - 300 12.916 .44 082 Res West
J-i21 15.942 3.00 12.942 0.16 0.30 Res West .
J-122 15.618 340 12.618 6.07 0.14 Res West
J-123 15700 3.00 12.700 0.20 0.38 Res West
J-124 16.197 3.00 13.197 0.40 0.55 Com West
J-128 15.732 - 3.00 12.732 0.25 035 - Com West .
J-126 - 15.613 3.00 _ 12.613 0.31 043 Com West
J-127 14.935 3060 11.935 0.33 0.62 . Res West
J-128 15.181 5.00 - 10.181 0.20 0.28 Cont West
J-129 15.104 - 4.80 11.104 0.30 042 Com West
3-130 15274 400 11.274 .36 0.50 Com West
J-131 15.280 5.00 10.280 9.18 0.25 Com West
J-133 15.102 3.00 12.102 0.07 0.10 Com West
J-134 15.615 3.060 12015 0.07 .14 Res West
J-135 15.116 34006 12.116 031 0.43 Com  West
J-136 15.167 4.00 11.167 0.32 0.44 Com Wesl -
J-137 15.086 3.00 12.086 0.66 6.91 Com - West
J-138 15.209 3.00 12.209 G485 0.66 . Com West
J-139 15.341 340 12.141 0.36 0.50 Com West
J-141 15.097 300 12.097 0.31 043 Com West
| J-145 11.136 3.00 8.136 0.16 0.22 Com East
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Hydraulic Calculation of Five Case (3)

Node Water Level Elevation Residual Demand
(+my) {(+m) Pressure (s}
o (m) .
J-146 2.673 3.00 6.673 0.23
J-147 10.466 300 7.466 0.48
J-148 7.894 3.00 4.894 0.99
149 7.350 3.00 4,359 0.60
J3150 7,332 3.00 4,332 0.36
J151 7.779 3.00 4.71% 0.07
J-152. 7.633 3.00 4.633 0.27
J-3153 9411 3.00 6411 0.33
J-154 9.164 3.00 4,164 0.37
J-155 5.635 4,00 1.635 0.87
J-156 7.195 3.00 4.195 0.18
J-151 15,322 3.00 12,322 0.78
J-158 12.997 3.00 9.997 0.03
J-159 15.353 3.00 12.353 0.10
J-36i 15.084 3.00 12.084 0.91
J163 11.849 3.00 8.849 070
J-167 17.645 5.00 12.645 L
Northwest 4.810 3.00 1.810 .26
End
J169 5.189 3.00 2.189 0.12
J-170 7.197 3,00 4.197 0.07
J1i71 6.366 3.00 3.366 0.30
172 10.861 3.00 7.861 0.07
Ji73 12.110 300 9110 0.39
I 11.912 3.00 8.912 0.33
J-175 11.567 3.40¢ 8.567 0.30
J176 10.476 300 7476 6.36
J-i11 10.892 3.00 7.892 1.12
J-178 10.211 3.00 7.211 0.37
179 - 7.378 340 4378 - 0.57
J-180¢ 6.894 3.00 3.894 0.47
J181 10.537 4,00 6.537 1.44
J-184 7.252 3.00 4.252 0.63
J-185 7.202 3.00 4,202 0.62
East- 15387 3.00 2.387 0.23
Dump ‘ : .
J-187 5.586 " 3.00 2.586 0.54
J-188 6.336 3.00 13336 L 0.07
J-189 6.355 7.60 0,645 0.57
J-191 16.398 3.40 13.398 30
J-192 18.287 "3.00 15.287 278
J-194 20.972 7.00 - 13972 1.34
J-195 18475 - 7.00 11475 1.99
J-196 15.026 .60 12.626 0.22
J-117 14.587 .00 11.587 .17
J197 19.369 1G.00 9.309 ¢.14
J-198 18.927 3.60 15.927 0.14
J-182 15.573 4.00 11.573 0.07
J-201 15485 3.00 - 12.485 0.37
J-199 17.832 3.00 14.332 0.60
J-202 i5.007 3.00 12.007 0.00
Mt Szion 15.363 15.00 0.363 0.07
J-205 12,559 300 9.559 0.07
J-183 7.451 300 4.451 0.07
J-206 22.016 5.00 17.016 0.10
J-203 13.524 3.00 10.524 0.00

Peak Hour
Demand.
0.53
0.90
1.85
1.12
0.68
0.10
0.51
0.62
0.51
1.62
0.34
1.46
1.74
131
1.70
131
3.17
0.49

0.23
0.14
0.56
0.14
0.73
0.62
0.56
0.68
2409
0.63
1.07
0.88
2.68
1.18
1.16
0.43

1.01
0.14
1.07
5.60
5.18
2.50
kW) |
0.31
0.32
0.27
6.27
0.14
0.69
900
0.00
0.14
0.14
0.14
0.18
0.00

as) |

Demand Zone
Paltean
Res East
Res East
Res East
Res East
Res East
Com East
Res East
Res East
Com East
Res East
Res East
Res West
Res East
Res West
Res Wesl
Res East
Res West
Res West
Res West
Res West
Res West
Res West
Res West
Res West
Res West
Res West
Res East
Res East
Res East
Res East
Res East
Res East
Res East
Res East
Res East
Res East
Res Fast
Res West
Res West
Res West
Res West
Com West
Res West
Res West
Res West
Res West
Res West
Fixed  East
Fixed Fast
Res West
Res West
Res East
Res West
Fixed East
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4. ACP WAER

ACP A OVIRARILTEHO L I 30.T% Chole,

B (mm) 100 150 200 250 300

BRI PO(m) | 82 82 82 82 82
[EdEkl: Pl(m) 82 82 120 120 120
(Po/P Dexp(1.15) 100 100 100 100 100
AR (%) 285 285 442 442 442 W 30.7%
(%) ' ) ' ' o

L2 Nob HtAL (150 mm MIZENH) OFARRERAT—2 & Uiz, MORROEA
AR GG L > ¥ —RIT (RSO bOIARAE) B £ 1Y
Wi Ui, Eie. VB, WRTEOBEGEERF - ¥ 2O S NIRRT X 0 3L
1.

No.5 Hidi : BRIEA AR = 11.3 Vsec
AT MRV AR =3.22 Usec
#AAKER =3227/11.3=285%
5. PVC WARE

PVC B ORI, 263% ThD,

%% mm) 50 685 80

WAEAIC - PO(m) ' 57 57 57

KR Plm) 105 105 105
{(Po/PlYexp(}.15) 202 202 202
wAH (% ‘ 26.3 263 263 V¥ 263%

(7E) L3t Ne.d Hufl (50 mm KME) ORASRLZEAF—F L LI,

No. A H124 1 ¥HKAL =0.285 Vsce
S h AR KA =0.0374 Vsec
#KE =0.0674/0.285=13.0%
IEreKIEe R ACE I, dAkRREIc LY,
(10.5/56.7) exp (1.15) x 13.0% =26.3%
LY, PVCHBEKEOEHRASIT 2683% Lw L,
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8. S RWARORE “

ACP XS ICHBIF AT A 2 LIt kY | WARE AN LR THIERTES, HHE
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#Y D,
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TWB 1. 1996 fERbA—R M5 U7 (AusAID) DIEHEZICAT v /7 A FORK
A, HEREMEALE, L LN E, BERLEREN (3 LY OXREIR
LD HEKACKIEIC R, AR HRAERAERM DO 1999 £ 7 A28 T Block Nob
BKOATF o /7 A NHEBE RS,

HIFE TWE 1. 2005 3 % COMENRIZ LR L CHY . ABMTICLNAD b OWAR R
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Survey Arca No. 1

Sensor{transmitter,receiver)

Ultrasonic  Flowmeter
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Survey Area No. 2

Ultrasonic Flowmeter
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Survey Area No 4

Sensor (transmitter,receiver)

Ultrasonic Flowmeter
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Step Test Result

(%R, SRR, /N TRILEER)

[Time {min

Flow {l/5)

Avcrage Flow (Ufs)

Leakage %

10.31
20%

¥ - 23

Time
12:30am Staet 14,32 1.22 11.36
0.3 14.31 1.23 i1.27
0.3 . 14,50 ¥:2dam s E1.56
0.33 1432 1.25 146
Q.34 14.03 1.26 18}
035 14.28 1.2r I P4l
.36 14.27 1:28am C§ i1.3%
037 14.29 1.29 i1.24
038 14.40 1.3 i1.08
0.19 14.19 1.31 i1.25
0.40.° 14.51 1.32 §1.41
0.41 14.55 [:33am 57 11.30
D42 14.13 1.34- 11.43°
0.43 14.47 01:3%am C9 HIAY
12:442m Cl 1196 - L3S 11.57
0.45 13.08 01:37am S8 11.56
0.46 12.99 ©1.3%: 11.49
047 1396 ¢41:39am ci1o 11.35
0.48 336 i 1.4 11.45
.49 13320 1.41 11.35
0.50 RSk 1.42 11.35
12:51AM $1 13.04 143 T11.35
0.52 12.63 t44 11.64
0.5) 12.33 " 145 10.32
0.54 13.00 §i:39am s9 1LY
0.53 12.9% 1.47: £1.04°
12:535am 52 i2.9% 1.48 11.30
0.57 12.76 1.49 1£.29
12:58:am 53 12.40 1.50 11.19
0.59 1236 L5 10.82
1.00 12.55 1.52 10.98
1.0 12.30 1.5 11.03
i:i02am . c? - 12,15 1.54am $i0 10.87
1.0} 1247 1.55 8.75
1.04 12.17 1.56 9.36
1:G5am (o)} 1233 1:57am St 9.35
1.06 11.56 1.58 8.09
1:08am S4 11.66 1:59am C13 8.13
1.08 11.01 200 8.09
1.09 10.87 201 8.19
:10am [of] 13.09 1.02am s 8.06
. 1.1 11.08 203 " i3z
1:12am C3 10.92 204 2.04
1.13 10.98 205 217
1.14 11.0} 206 2.0
1:153m Cé 10.80 .07 3190
1.16 10.96 1.08 2.26
.17 1166 2.09 22,10
1.18 1157 2.10 0.19
i:i9am 55 11492 2.0lam 513 8.00
P19 i1.40 Total Flow (rom CI 917.29
I2lam C? 11.64
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Step Report
Site: Block 5

Date 12 July 1999
Time Test Started 12:00am
Minimum Night Flow & Time

Area _ 3.163 sq. km
Pipe material Asbestos Cement,

Summary of Step Test on Block No 5

Block No 5 starts at the intersection of Salote Road and Tupoulahi Road to the
District meter at the intersection of Vuna Rd and Tutoatasi Street. Before the test was
conducted a logger was set up at the district meter at Salote road to record the
minimum night flow. We could only conduct a step during the MNE, The MNF could
not be accurately determined because the low-pressure area (Popua) was gelling water
early in the morning, about 12 o’clock onwards. This made it hard to get a exactly
MNF so we decided 1o start the test 12:00 am and let the flow meter run for half an
hour before the actual step test started. From previous pressure testing along Salote
Road ACP main, we had a drop of about 5m from the intersection at Salote Road &
Tupoulahi Road to the intersection of Salote and By Pass Road (1.704km) which
indicated there was possibility of leakage along Salote Road main.

Before a step test could be conducted the Nuku’alofa Reticulation Network had to be
divide into blocks with a district meter recording the flow into each Blocks. This was
successfully done and boundary valves were set up to make sure that there weren't
any cross flow between each block. (Refer to appendix)

Secondly, valves within each block were 1o be located and test if were they were
operating and if new valves were to be installed were installed. This was a very time
consuming job because all valves were buried and we relied on memeories of old
employees of their where about. Luckily a metal detector was borrowed from SOPAC
in Fiji to help us locate this buried valves. A backhoe was hired to dig up the valves.
Some of the valves were located in the middle of the road and some valve didn’t even
exist event though it was recorded in TWB map. This information was then updated
into our GIS database.

Because the PVC pipe around this area werc 65mm (2.5 ) which was an odd size
TWB did not stock it and so as the other hardware stores in the Kingdom. This was
another problem that we faced so we had order stop valves from overseas suppliers.
Luckily we were able to locate some valves from the Vavau project and they were
shipped over. Once they arrive here the other fitting 1o go with the valve had to air
freighted from NZ, whickitook another 2wk before the actually arrived. The valves
were installed and the step test was arranged. We also faced another problem with our
logger because it gave us wrong reading. Lucky the Japan Design Team had a
portzable flow meter, which we were able to use while we waited for instruction from

the supplier in Australia. In the future a portable flow meter is a necessity to the leak
detection team.
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The whole idea of a step test was to set up a logger (we used portable flow meter from
Japan Design team) on the district meter, which recorded the flow, and to a calculated
sequence, the valves were closed to slowly tum of water to certain areas. The time
that the stop valves were closed is also recorded as wetl. The out skirts of the main are
closed first and than along the main. This is done until the whole area is completely
shut of: Data from (refer to appendix) the logger'is then downloaded on to a PC and a
graph is plotted of the flow vs. time. The time that each valve was closed is than
compared to the logger so we could identify on the graph when valves were closed.
By analysis the changes of the flow when certain valve were closed we were able to
located areas were their is a high possibility of leakage. The leakage team is then
allocated to this area to conduct a more detailed analysis until the leak is actually
found and fixed. This is very hard and time-consuming work especially without and
proper equipment like a Noise Correlater & a Backhoe to help.
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Result of the Step Test.

We were able to set up the PP\1 and it was set to take a reading every 1minule, which
was the lowest we could go. Frequent reading determines the accuracy of a step test.
We set up the flow meter and we got a reading of 14.320 Vs at 12:30 am and this was
constant for half an hour than we started the test.

As we conducted the test there was a constant drop in the ﬂow The mains were
mainly PVC pipes from 6Smm to 30mm apart from the 150mum ACP main along
Salote Road. When we got to S11 (comer of Bypass & Salote Road) there was a flow
of 8.09 Ifs. This was pretty high flow rate taking to account that ACP main on Salote
Road was only left to be tumed off. As we got to the second last valve along Salote
Road, $12 about 500m from the District meter, we were stilf getling a flow of 2.04 Us,
This suggested that definitely there is a leakage along this length because the was only
a 32mm branch and every branched of the main were closed except for house

connections. The last valve $13 was closed and the block No. 5 was completely shut
off.

From this data we were able calculate
Average flow of Block No. 5 is about 10.31 Ifs.

S11  8.061Vs
Si12 226Vs
513 0.01/5s

S11-S12 =5.81/s
Leakage = 56.25 %

This percentage is pretty high and this is PVC & ACP pipes. 1 would not take this
value because along this section there is an Ice Cream factory, which draws water
24hrs, and the large flow could be due to this.

S12 226s

Leakage=219% '

This lives us with the flow 0f2.26 I/s between S12& 813 which is a more accurate
value because there is anly a small branch of it of 32mn PVC pipe. We could say that
there is a leakage along the Salote Road ACP main from Tupoulaht Road to Bypass
Road of approximately 2. 26 I/s 0121.9 %. The leakage along the PVC mains could be
interpreted from Mr Ko’s survey. This calculation could change if the pressure
Increases.

The i.eak Detection Team is now investigating along Salote Road from Tupoulahi to
Bypass Road.
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1._Steategy

Initial objective is to quantify system losses and determine the magnitude of leakage in the
system with the reticulation system as the first priority.

Analysis of the data already captured reveals that the majority of leaks occur in the reticulation
system. However some bulk supply and reservoirs do have $iglllﬁbfmt levels of leakage and
these parts can not be ignored.

A district reter approach has been adopted to quantify and detenmne the magnitude of
leakage in the system. This is done by placing flow meters at sirategic points within a system
and measuring the flow at regular periods. This method of leakage control has an advantage
that information on flows and water usuage within the system is obtained. This information is
beneficial for the mnning and future planning of the water distribution system.

1.1 Reticulation Leakage Contro[; _ '
The Reticulation Leakage Control consists of the following tasks:

o Taskl Determine the sites to place the district meters

¢ Task?2 Select and install meter used

o Task3d . Coltect data about each district

o Task4 Choose data collection method

¢ Task$5 Monitor flow and collect data

e Task6 Analyse data

o Task? Design step testing for each district and carry out leak detection

e Task§ Apply various leak detection method such as sounding and corelation
method. _

e Task9 Fix the leaks and order necessary fittings.

e Task 10 Repeat task 3 to task 9.

This process would be ongoing for the next 5 years.(refer attach for the schedute of work)
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Task No.

Description of Work

Comment

This has been completed
however there is still a need to
decrease the size of district
hence easier to manage

1998

Instaliation of Meters

Deone

1599-2003

34586

‘Collect data about district

Training the use of software
currently using would be cater
for new recruitment of staff

1959-2003

7889

Step testing, localing and fixing leaks

Cne block &l a time would
carry out task 7 to 9 and
training shall be needed if
correlation meter would be
use.

Piease note that the timing in each block is scheduled for 3 months but depending on area and condition of
each block it may be longer or shorler and it shall be carried out in this order.

Work shall be carried out in this order

fl
2
&
4
(]
6]
{7
{8}

Block 5
Block 3
Block 2
Block 4
Block 6
Block 1
Block 7
Block 8

3 months
3 months
3 months
3 months
3 months
3 months
3 months

3 months

Jul ~ Sep 1699

Nov 1989 — Jan 2000

Feb - May 2000
Jun ~ Sep 2000
Oci - Dec 2000
Jan —~ Mar 2001

April — Jun 2001

Jul - Sep 2001

Oct - Dec 2001

Jan — Mar 2002 .

Apr — Jun 2002 mfbﬂmss
w-sepmez Ere
Cet - Dec 2002

Jan — Mar 2003

Apr — Jun 2003

Target to reduce leakage of PVC pipes from 26.7% to 20% by year 2003

Vil - 32
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ACP F¥xcavation/Observation Repmt . No. 1 |

Basic Dala

Date of Qbservation

98th June 1999

Location of ACP
Pipe Diameter

) R

300 mie {Constructed in 1966)

Soil Covering Depth
Soil Quality

1.20 m

Clayish

Water Pressure

Max. 10.9 m Min. 16.8 m

Groundwater

None

Purpose of Excavation

For water flow measurement

Observation

Ap peeirarice

Somewhat deteriorated on the surface

Color of Pipe Surface

Normal - . . .

Type of Joint

ACP-Collar with rubber ring, and ACP-PVC Joint

" Repairing Frequency

Frequently happened

Ground-surface Leakage

Frequently happened

Remarks

. Leakage frequently happened due to deterioration of rubber ring, pipe wall and ACP-PVC joint.
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ACP Excavation/Observation Report

Basic Data,

Date of Observation 25th June 1999 _
Location of ACP _ _® .

Pipe_Diameter 6300 mm (Constructed in 1966

Soil Covering Depth B 110 m . _
- Soil Quality N __ Clayish '

Water Pressure ~Max. 10.9 m Min. 10.8 m

Groundwater , ___None

Purpose of Excavation For leakage repair -
Observation

Appeafance e

Color of Pipe Surface Normal : ' ~

Type of Joint A.C.P Collar with rubber ring

Repairing Freauency Frequently happened

Ground-surface Leakage Frequently happened

Remarks

Leakage frequently happened due to deterioration of rubber ring and pipe wall.
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ACP Excavation/Observation Report _No.3

_Basic Data,
Date of Observation . Tth July 1999 e
Location of ACP e i
Pipe Diameter ¢ 300 mm (Constructed in 1966)

Soil Covering Depth o 1li0m o
Soil Quality Clayish -

Water Pressure . Max. 10.9 m Min. 108 m i
Groundwater None o

Purpose of Excavation For leakage repair_ L
Observation
Ap;ﬁearancé o
Color of Pipe Surface Normal : . B
Type of Joint A.C.P-Collar with rubber ring and T—Joint
Repairing Frequency Frequently happened e
Ground-surface Leakage Frequently happened _
Remarks

Leakage frequently happened due to deterioration of rubber ring, pipe well and T -jointlbo]ts.f___

¥i12 - 5




ACP Excavation/ Observé.tiqn Report

_Basic Data

Date of Observation

15th July 1999

Location of ACP_

@

Pipe_Diameter_

& 150 mm {Constructed in 1966)

Soil Covering Depth
Soil Quality

1.20 m

Clayish

Water Pressure
Groundwater . .
Purpose of Excavation

Max. 10.4m Min. 7.2 m

None

For water flow measurement

Observation

" Appesrance

Color of Pipe Surface

Discolored.

Type of Joint

A.C.P-Collar with rubber ring

Repairing Frequency

Frequently happened

Ground-surface Leakage

Frequently happened

Remarks

{_eakage happened due to deterioration of rubber ring, leaked water is in the excation. (See

Photograph}
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ACP Excavation/Observation Report - No.5

Basic Data

Date of Observation

29th June 1999 N —

Location of ACP

® ' .

Pipe Diameter

6 150 mm (Constructed in 1966)

Soil Covering Depth

0.80 m

Sotl Quality

Clayish

Water Pressure

Moax. 9.6 m_Min. 5.7 m

Groundwater

None

For water flow measurement

Purpose of Excavalion

Qbservalion

Apj;eafance

Color of Pipe Surface

Normal

Type of Joint

Bend Joint

Repairing Frequency

Frequently happened

Ground-—surface Leakage

Frequently happened

Remarks,

Bend joint and pipe wall surface corroded,
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ACP Excavation/Observation Report

No. 6

_Basic Data_

Date of Observation

30t June 1999

Location of ACP |

®

Pipe Diameter

' 250 mm {Constructed in 1966)

' Soil Covering Depth
Soil Quality

L10m

Side of Road

‘Water Pressure

Max. 8.2m Min.0.1m

Groundwaler

Existence

Purpose of Excavation

For leakage repair

Observation

Appearance

Color of Pipe Surface

Normal

Type of Joint

A.C.P T-Joint

Repairing_Frequency

Frequently happened

Ground-surface Leakage

Frequently happened

Remarks =

Leakage frequwntly happened due to deterioration of T-joint bolts and pipe wall,
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ACP Excavation/Observation Report

Basic Dat_g__

Date of Observation

Location of ACP

13th July 1999
@

Pipe Diameter

5150 mm (Constructed in 1966)

_1.20m

Soit Covering Depth
Soil Quality

Gravel _

Waler Pressure

Max. 8.5 m Min. 5.0 m

Groundwater

Existence :

Purpose of Excavalion

For step test No 5 (Flow measvrement)

Observation

Appearance

Color of Pipe Surface

Discolo;ed

Type of Joint

A.C.P—P.V.C cupling joint

Repairing Frequency

Frequently happened

Ground-surface Leakage

Frequently happened

Remarks

ACP-PVC coupling joint corroded.

Groundwater comes in the excavation pit, because this site is near seashore.

Hiz -9




No. 1

ACP Observation Report
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ACP Observation Report

Photograph

Dismeter: &200omm
Age: Cof\;‘tructed_ in 1956
Appearance:  Somewhat deleri(;raled )

on outer surface

Inner Surface:

Somewhat deteriorated

Diameter: & 250 mm
Age: Cons?r-ucted in 1966
Appearance:  Somewhat deteriorated B

on cuter surface

Not much deteriorated

- Diameter: ¢ 300 mm
Age: Constructed in 1966
Appearance:  Scmewhat '(Eeterior—gi}ed

on outer surface

- Inner Surface:

Somewhat deteriorated

Y12 - 11







WATEEL 13 EREAMER OB






HEMDILE

A MBI E AR TN B BERAIC DN T, HIANEE (C)) ¥ WM H LYY
A(Ca(001), )1 DT AR fzo WAKHR GRS O EIRIEHA X <. WIRHIH
Beh IS o MG IR ESHTCH 5 2 &A% ERIESDHETCH o ko 2 DR,
RS V2D AZMEDERIEDNE . FEAKMIINEBIEMRE LTO
LHIEAE RO LRSI AR TR T AL E Lo

1. AEL/ERIEAK

V& F o PRKE Noo6 X DIRKUERUREZMNCOERIEARB R 0z AMBREE
S D, HAEARIL 0.70g/L TETIREEMERM ORI WD hole Zhidr
By BAGKEUL Y B2 7 P EOBEABRMITH DR | HERRPNINZ L
R0 Jzo KRB RIE A ARB RSN,

2. Hm® -
. 43 E | WAREEE ANV L
PER DY FIEEHEBE R TN S, K& | Bk
HUCI A W B LR X A ¥ DB3S | gt
LR U EREESRICBL Y | ARICKIZHEET D
FlidEH512, _ |
U REMART AT & BN UG | BAEREE FE, BUIAY
PRI B RS L D EIRT 2
{FHrEim MREE . HZaBE Lk
WHEBRMRE LL
REBH (FA~wRy, BAMY
yI—-&HrY)
WY () WEgGEE 32 BHOMATIN
MARECHBI Y
HIEH LoBR | EERIIBOEN-HB LRSI 2 | GERNICRET S
HERNERE HIRET D fEDEME ML TRTET S
MEAE ¢ GRRL R RN D
HAT v VEOMMBRESET
ZD L o : o
MR bR | GRYOREPELSHRINT 2 | BAeORE CHENTIEGE
AR MBEHTIAEDLY ‘ '
EROAT e | Wik (AR ulHE (HLENE X hERA)
] Fhy ETOERE WD, H | RS hin
ACIEBLOWESINS D
3R T$45,000 (TWB $igsdtd ) 1$45,000 {TWB fisidi L b) n
EWR 187,723 /4F  (4.631$/kg) 1$12,085 /4 (4.71T$/kg)

¥i13 - 1



3. Mkt

T RfakE 6,528 n'/day

AKX
NkAEE KR ¢ 8,160 nt/day
MR AR KRS ¢ 8,61 w'/min (12,407n'/day)
R KK Wk L mef
Y 0.7 meg/l
A NBAEARBO 2153 ORIAR
fEAZER al BN GR 7
AR —aHLLL

4, REWERBHINE Y AEABERUHE

q=Q X a X1/ y X100/Bx10*
=12,407 x 1.5% 1/1.05 X 100/5 x 10%
=354 L/day - 0.246 L/min

q: KA AN L ATEAR (L/H)

Q : ALKE (@/1)

a : WHKEBR AN S 2 AFEAR (ngfl)

B : REMHEM NIV S D MEHE 5.0 %
7 ERE M AN S D AEEICE
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REIARBEER

HHEXK RIXI)TERKM Nob (RAK)
gxa 24~-Jun-99
K 14:30 pm
Eh Bh
BB NA
K8 NA
pH: NA
EAE & MBSE (min) REHRMIEER (ng/)
0.5my/| 40min 0.19
img/i 40min o 0.80
2mg/| 30min 1,65
. 3mg/l | Omin | 249
Amg/l _ 30min 2280
- Smg/| 30min L 2250
6mg/I 30min 22.50
300 o — - e
250
200

A BRI R (mg/)
z

&%

1.00

050

0.00 t i 1 [ L —_—
0 1 2 3 4 5 6

BERIAE (mg/D

REAXIP7ZRKD7 A E_T7SHE
4 0.004 me/t
A 0013 me/L
85 0.006 me/L
(1 88: “Surveillance of Groundwater Quality in Tonga”, WHO, 1996)
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