AYS2hE

AV S HELETKELT

A)SVHE
BRENGKERRKICET S
PCEUIDER - REX

XERTHES

SER 3144 A
(2019 % 4 A)

T TBUEA
EERiHH#E (JICA)

AR THAHFEIE

RE

JR(P)

19-071




<AHEZQFABIZOVTOEE - AEEED>
- ABMEZONBIF., JICAHZELEICHERZRTIEL., EREFERTAFLEERICEDICIOTHY., 20
ZOHRFROEL, FREREFICL >TAREEONBIINEDLLIHENHY ET, F1=. BEH L1-1EHR -
QA MIZEAEEDHIEICL DL DNEEN., —RIUGTHER - BROZDOEBEYTHIHIZ L ERLET S
LOTEHYFLA, FABREEZR L TRESNIBHRICE OV THAILSADITAZSNDIGERICE, &7
CHEDERETIT o TLESL,
- FIRAENARBREEZARALE-C LA LAHIEFICAL., JICA RUZEREZ. LM GELHIEELAVDR
F9,
<Notes and Disclaimers>
= This report is produced by the trust corporation based on the contract with JICA. The contents of this
report are based on the information at the time of preparing the report which may differ from current
information due to the changes in the situation, changes in laws, etc. In addition, the information and
comments posted include subjective judgment of the trust corporation. Please be noted that any actions
taken by the users based on the contents of this report shall be done at user’s own risk.
= Neither JICA nor the trust corporation shall be responsible for any loss or damages incurred by use of such
information provided in this report.
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(1) BEEBEICSITSLEMARBTEORKRUY=—X

2V Z U RFEMSERICE CLT, AU F0h) TiE, BERKOREN MG+
SATOATEL T, RAAD 83%IFH TR EL WU CRERRAHKIZT 7 AL
TV H00, FKEOE LRIZEE T T43% (2011 4F) ICBHE-> Tz, ZoRE
BE 2 TR Y 7 U BURIZEZERFG B O & EALATEM T 5D T~ b 28] (2010-
2016) ITFBWT, 2020 FiglcRERICZ K EMEG L, BAES KEEZ 60%I12T 52 &
e, ZhvaE ST, EZE BT AKEAHE [Corporate Plan 2012-2016 ) %5 &2 OY [ Corporate
Plan 2016-2020) % 3R7E L. 2020 FFI2IZKEE K ZHE % 60.0% £ Tl L3252 L4 HEE L
TW5, 2016 FFRFETOKIEE K HRIT 48.1%TH D, !

FRIZA Y Z o HHEHEBIC IV T, ZKERIRR N S AL72 it ik O EAF bk 3R oMk 3 Bl
FATPE D AKFFEILR A~ DX D728 | BRI DFG /K fiak 0 T - H R DS RER DR & 72 o
THEY, THEMHCL DN EBE L o TS, T, 20X 9 ARKBEICHIET 57
DITIFRAERDOEKMERR BN LETH Y | —EREO THIOfERZ E3 523, 3 CITEEH
FHOTHFIHANEL, MGG S LTI | AR 7 THIES & 8 LVRBLICER LT
Do

A Y Z 77 Cld, National Water Supply and Drainage Board (LAF, NWSDB) 73 E/KiE S
EIZBWTEEREZE 2 - TR, WSS OB SRR 216 H L TR 2 KB iR O
Bk - B A1To TV 5, —FH T, EFRFECHEBAN FHEOAHRITFEAEAML L TEY
KIEMEFH O THEEHOFHBII R E R E 72> T D, L LD 5, PRl A C A5 E
PEO ) b, NS oG %42 By & LT, RIE TG E KRR OFEH R a8 TN D
WL FIZEBW T, NWSDB 135] & 5t & £ % < Ok E L O Ko #HEk - B LT &
LERER STV D,

ZFOE S 2V T A ORKMMO KE B EkFHa 2 U —1F (RC) ®THY | KH
72 FOKERRR DR TENET L TV D EEIMINCIEN TS RC Z &7 OFEEDTIE S
TV, ZHUENWSDB 75 PC # 7 OFFEPH RIC B L THaZed@ik a2 ff > TlhvignZ &
MRERERTIEH DM, ABE O PC ¥ 2 7 IHERD RC ¥ 2 7 [T TTHEENZM T
bl AR R AR o TR Y, BERENE X 2 EAGE RS R T 2383 LK
XL HBRTE ) DHIFTHY ., ABE O PC ¥ > 7 DR O BHULRHIF STV D,

A2 Y T B O EAKGEME RAZBT 5 EARFEIC OV T, 2013 FI2FERK L2 LR EEICBT
B RRF N e AERE ICE 35 PC ¥ > 7 R DT D DORALTAE) Zi8 U, LLUF O il
LTWa,

! P1-P2, Summary of Progress Status on Corporate Action Plans at First of Fouth Quarter 2018,
NWSDB, Sri Lanka.
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HIBASNARECTH - 72 EAET UL, LKR 4,300,000 O HEFIZ 2> 72,

PSSO RS ER I B 70 B ORI, BRSSO AE - GEFBRO 7 mt ATk
HFEN572d, PC A7 ORAICLDEH - KOOI R %2 — b4 25 DX
LV, RFEEIT, RC ¥ 7 % PC ¥ 27\ 22856 0O LHFRIFH O3 %2 5T 5
HHEH & 7o Tz,

RC Tank PC Tank

[ e
A B el
e ome, '
e e |
| !
R I
i K u
i
Volume=2,000m?3 Volume=2,000m?3
Height=6.4m Height=10.0m
Diameter=20.0m Diameter=16.0m

3-3 FAREDRC X7 & PCH 7 1B+ RGO LhEk

() BB

W& 7 O LHEREE 2O TR, ZIHMERE T O Lz, £ D NWSDB 751,
PC # > 7 LR OMEED RC ¥ > 7 THIET 5 Z &2 Rd BTz, £D7- ABE IX
PC % v 7 LRIBIROHFER D RC # > 7 TTHEREDOWE Z{To7-, T Z CREE2>70

T HfEH RC & > Z IZOOEIND S DIRKFHINEZL HDH T, ITHTIEMAM RC BlkH
DEHE L OWE LENTWD, D Enb, LA TIL RC A & PC HfETE O ik
WRAERLT,
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X, FEOBEFEDORC # 713, LHEEEZRESSLELAT DX 7 ORBEEN—FETIERNWI &
Tholz, TIUFRIRD LY, RC ¥ 27 OFGFHEICIELDENHDH Z ENFEL TN
Lo TDI=W, T A NIZENT, BEFEOEDRC X 7 & PC X 27 &l 5 O
LD, md s L, BRI N EE o T,

FITAREETIE, RCH VI DBEENED L HICIRESNLTWDEDNESIT L, & b
O E D D 2 & & U, BERIT, REHEEICESWER R CIRE S, £ DS
X, REFOOFIIIRZ I 572 O DOKIE L BEE L BN EE L 72 D, 2D K 5 7RG O
B RC X v 7 OFFHEMEIINE S & O OEIUREZHIET 5720, BEELR 2T 54
ENDHZ L ERTZENTER, (LLTFTDaZ AsM)

<RC ¥ > 7 OFFFOOEIIUE Z #3572 D Ok & BEE L BRI DWW T D54 >
NWSDB (%, BS8007 (Zftvy, OOMEIFUIE Wk1=02mm T RC & 7 Zi&il LT\ 5,
BS8007 /% 1992 4F|Z—1 22— F EN-1992-3 [ZHEH STV D, Z DOkl L 5K
REBEEDBRAZR 1 IR L, R2ICHEVWER SN DBEE AR 3-5 TR LT,

# 1 EN-1992-3:2006 (ZHE S35 KEME & DLk

Tightness Requirements for Leakage B /K oD A S A )
Class
0 Some degree of leakage acceptable, or leakage

of liquids irrelevant.

1 Leakage to be limited to a small amount. RC (NWSDB)
Some surface staining or damp patches ONOE U4
acceptable. Wk1=0.2mm

2 Leakage to be minimal. Appearance not to be

impaired by staining.

3 No leakage permitted PC (Japan)
HAT : EN-1992-3:2006 (Z}:-3% ABE {Eik

2 JKEME  Class 1 THIR X3 A {RIBEE A

FREFOOEI UG IR,/ BE R K% hd=5m K& hd = 10m
Wk1=0.2 mm Hd/h=15 h=1.0m h=2.0m
Wk1 =0.1 mm Hd/h =25 h=0.2m h=0.4m

HUAT © EN-1992-3:2006 1235 % ABE ERk

CONKTRERE . 20163 A2 HOFEARAT T Y a3l v r A TREL, FikoF
Y —FENLEHICLE ST, WZ 7 DA RIS OW T LTz, S OHEME S 133
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FEDFF DT, BB D & BV | BEHFEA~OHEIIE L XN H L L0, KFio—n
a— ROBEARBIZONWTHEHEA RBEARH Y . OFERNHE DD 2 A MHERIZ SN
T, NWSDB @ DFERRFEEZGH Z LN TERN->T,

ZZTPCH vV 5Eiith, EREOLFEFEOLMEZIToTc, AV TV HREICEHR ST
V% Udawalawa @ 2,000m* D RC # 7 & PC % > 7 O # T ER 3 127, 72k,
RC # > 7 0¥ E—% (BOQ) 1L, NWSDB bttt snzbo&MH L CEE L, 20
iz T, FEE (2,000m®) TRIEIR (WEELKENF L) %, RC-PCliZ 7 D
HER A MIFAERETHDL L NI T =R GE06NT, FL<ik<5L, RCH L T7DaR
FE21EdTHE, PCHLUZ7DaRANE 1015 ThHD (K 34), THEBHICHETS L
LKR49,299,000 (¥36,974,000) T 5,

| RC Tank PC Tank |

il
- 'f_._ -_.‘/-"“. m
' — i
o || |
. B "”_I [
Volume=2,000m? Volume=2,000m?
Height=6.4m Height=6.4m
Diameter=20.0m Diameter=20.0m
Construction cost=1 Construction cost = 1.015

X 3-4 [FRE - FJBIRORC X7 L PCZ L7 OTHEEDHE

INERMEEIFT—THEEZLILE Z A, NWSDB @ M O #F I ®ama < T AR S
M, O3 A T MAMEICEN, NSRTEMTREED Y 7 2R TELZ LIZHON
THMRZAONT, ZDE I, WK HGm R H L, EBRICPC ¥ 7 2l T 52
LT, ZDOAAMNEEIEL, BENGONTCZ LITARFEDORE R TH T,

WICARFETIX, =7 — F—2TIEOREM, MAEOR S, TGS, M EArHE<e
FRIBHIDRAZ ED X DTN DI Lz,

LRV OWTIE, BARE R Y T 201 D553 SEME DB 2 J570MlikE OEW NG | ik
BALPEICEN D = L 2RISR T Z ERNREETH Y . AR OMELE o T,

AARENIZEBNT, TETHBREZRAESED &I RIRREIA S E T HEES S, &
DX LD BERWEFE OLZLMRITIEFICEE T, TRIZB W TLEXRE N 2
HEMICHH Y, I T — F—2TENREHA SN L2EATLH D, AV T BIZBNT
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HEEFERITEE TH Y RESIROLIENERFED 5N TWD A, BERKOBFTLITREE
WEIHLOTIERL, ETEENEAI LD THDLEWVWIBIN RN H D, £72. AU T
> 7197187 (Department of Labour) O 57#i#& S EHi{E (Workmen’s Compensation) (21, %E
CIRHifERE ® LKR 196,084~550,000 & 5ok =41, THEEICH D DAEFEOEIE DI,
72¥5, [E Health & Safety Executive (HSE) 2 ZAuX, J7fiEH K= 2 ME, &3 L3
NTIZRVEDDHTRIEDNIREL, FEFROHFBKEY 27 2EBTL52 LT b
HIBZW RN KENE LTS, GHBZDEIRBZXFEAY T U HITRD TN L H1E)
ENTHUERD D,

NWSDB & OWglIZ B W TEIRDOADFE@RIH D LT A 7V A 7 VOBLEN D AT AE
RTIED R—L & xT — F— A TIEOME R EZAER LTz, S22V — M, =207
U—bFOT AT VICE > TEBOBEEHNTWDER, a7 ) — oW ESn3D7
W ERBIMAMENME T2 2 &2 %, ARERNDOPC Z 7@ fH=ar 7 ) — Ml F—LE
RIX, BEED 35 FERTHIE SN EH NEL H DT, ERTIEDO R—L LT —FK
— A TIEOHENZIE, #EH 30 FZOMEEM Z RiAteZ & T, "L T4 794 7 VOBR
MO R T — F— A TIEOMEMIEEZ R 2N TED, ZOBXZHIT, £ 33, &
3-4 12, HEER% 30 RSB DMIEEAE RIAATERTIED R—A LT — F—AT{ED
flAs beie &2 79, & 2,000m DX > 7 NS E D & TERTIEZBRA LIS ED T A4 74
AINVARXNE 1 ETDHE, 27— F—LTEZEHALESEDO T A 7Y A 7 v a X MNE
0.80 725, K& 15000m® DX 7 2Flll bl fERTIEEZRALIZGEOTA4 794
JNVAANEL T HE 2T — =LA TJEZRHALIZSED T A4 7 A 7 Va3 X M 0.72
LD, ZOXEHTEZT— R—ATEF, A =% /b 3 X MIEWA, 30 FHDOT A 74
A 73R NMIENZ ERDND,

8 Department of Labour. ~ Labour Legislations, Chapter 04
O FLARLVAaryy J—hL%E $HB24ETVRD T LGHLE (2015 4% PC ¥
Y7 DRC F—=Linb7 VI R=b~O4T 2 THRE

43



33 fERTIED R—LhE =7 — F— A TIEOMIE R 2,000m® % A 7
GO0 Ft oWl EH-FE 2 5L L)

D=16.0m H=10.0m V=2,000m?> Beruwala
Works Item Unit Dome Air Dome Market Price Dome Air Dome
(LKR/cts) (LKR) (LKR)
Roof Concrete m’ 57.1 46.4 29,600 1,691,496 1,372,571
ReBar Ton 5.1 4.2 270,000 1,388,627 1,126,806
Formwork m? 215.5 0.0 4,000 861,961 0
Dome Support m’ 220.6 0.0 2,000 441,280 0
Flat Support m’ 2,070.9 0.0 1,000 2,070,938 0
Air Dome m? 0.0 201.1 33,000 0 6,635,044
Morutar m? 0.0 10.1 40,000 0 402,124
Duration Months 2.0 0.5 600,000 1,200,000 300,000
Total Initial Cost 7,654,301 9,836,544
Repair Scaffold Set 1.0 0.0 Flat Support 4,141,876 0
Paint m? 2155 0.0 1,200 517,176 0
30 years later 12,313,353 9,836,544
Cost ratio (Dome as 1.00) 1.00 0.80
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D=40.9m H=12.0m V=15,000m3

34 1ERTIED R— 5L =7 — F— A TIEOFE
GO0 Ft oWl EH-FE 2 5L LT-)

15,000m3 &% A 7

Works Item Unit Dome Air Dome Market Price Dome Air Dome
(LKR/cts) (LKR) (LKR)
Roof Concrete m’ 360.2 289.8 29,600 10,662,306 8,578,316
ReBar Ton 324 26.1 270,000 8,753,177 7,042,334
Formwork m? 1,408.1 0.0 4,000 5,632,407 0
Dome Support m’ 3,685.5 0.0 2,000 7,370,966 0
Flat Support m’ 16,160.0 0.0 1,000 16,160,009 0
Air Dome m? 0.0 1313.8 33,000 43,356,123
Morutar m’ 0.0 65.7 40,000 2,627,644
Duration Months 2.0 0.5 600,000 1,200,000 300,000
Total Initial Cost 49,778,866 61,904,416
Repair Scaffold Set 1.0 0.0 Flat Support 32,320,019 0
Paint m? 1,408.1 0.0 1,200 3,379,444 0
30 years later 85,478,329 61,904,416
Cost ratio (Dome as 1.00) 0.72
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TR BARHEFETIL, Udawalawa @ 2,000m? & FIFROFER TIEIZ K D PC X 7 L RFHET
HFH LT PC X7 O TREREOLE LT/ >72 (K3-5), RFEHEDPC XU 71E, (kD 2
fBEOKEERY =7 — R—ATIETHD Z & X0 BEREMEIT EFT 203, ISFLERIRAMhE %
Mt & e L TR L= — R— A TIEIC K 2 EBEO THEE T, SR L4 %
fi U722 &b, FERTIEPC O THEEIZITWHER & eo Tz,

PC Tank(Udawalawa) PC Tank(Beruwala)

- I

e . it T =

I |EE

i Ak
Volume=2,000m? Volume=2,000m?
Height=6.4m Height=10.0m
Diameter=20.0m Diameter=16.0m

Same Cost

3-5 FE2,000m* fEKTIEPC ¥ o7 EARFETHEFR LIZPC X7 O TLHEEDLLE

T7 — F— A TR0 THERMAGEMEIC O WX, FTIEO THOME S HRFEEICHIRT
TDHN, ZHUCONWTUET —ANRNAL T —ATh b, KBEEHFTmY =7 D55, BAKHLO
THIRNEfES N TH, 7 uy =y MAERO THITIT KR E e85 5.2 9 BREDRITHEN
BROWEA LD D, —J7, WoKER T TR S TR Y L Bkt o T o mHE S B 7e
Bl KT B O BRI B2 e N B 6 AEEHE OB R E 0 | RIFHENEIZ D72
WoHGELH D,

2018 4FE 7 ADA—F =07 LE=—IZB\ T, NWSDB MFEENHTT — F—AIZD
WTERZBWZEZA BEDOL I RFEIIZT — F—252HHT 22N TED, LD
HRTHo7-, (JPU B LUPRSC(WS)DGM DiE AL, )

A) ek
AREFEETIZT — F—2THEOE AN L2 ZE2MDm EE Rk #HEB TH 7=, ZIUINE
Sk TIETHER HHEICHENTZBEO ETOBRZEFTEER. B<BEDE W F—AKN
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TOEBRE TOEEN, =7 — F—ATIETEAETHH I L2 ERERT ZEIcLy, &
AEE N, ZHUCOWTE, =7 — R—ATHEOTE VA M —vara keI )F—7T
LI A FOGEERET A &l TR L, HEEE L EWBIL & NS Lz 19,
ARHFETPC ¥ 7 Ol LZaiE Ao =Bl T (KDAWeerasinghe 1) ORIFLE |
T — R — A TLIEOR M & FINEMEZ & < Gl LTz, FIEMEIZ DWW TR, kD TiET
X, F—2BROMLDH &, Z0 7 WO A BIRICRE SN Im U O/ S
RN BEY HIEENKRAEER CTHDH, =7 — F—LTIETIEINBRETHDHZ L b
KRERRETHDHEDZ ETHoT-, Fio, AV T U A TIIER T —LTHY ., TEEH O
. B ICHEBE B E ORI REHE LW &, THEEDO LMD EL BE L 72> T
BY, ZOOOEACEMLIERLTWNWDEZ LD, =7 — F— A T{ETM T¥EEIC
LOTREHYNZWTIETHY . SH% WA ANT-WEDBERTH 72,

EEN1-13) PCALOBEBRUIHEKRKRZREER, PCE Y DEREICOVWTHTT S,
HE -2 BLN1-10 25FE 2, AVTUHIZBITDLPCH L7 OERGAMEEELDD
EUTO®EY Ths,
PC % > 7 1%, 5%b\iiﬂf*%>7ki§%?”< THINZETREBEDLDEIFHZTED, TDT-
W, KIEFEEICBIT D AR THH-IBYSOME RBERIC ) D R 2 2 b &
B/MEb L idPricTtx %, ﬁ%%?PC&/&#M%&Lkiﬁﬁ%iIm&yﬁ
MUE L LoD Th o7z, BEFOEY (IHRF) 2T 208N/ 2o
Tl IHEREAEHALTERY, BEFEEYORRARIERIC G ER o7, i
nYx/ NTPCH U7 NGHEI S TS DL, NWSDB 232 D PC ¥ > 7 OF M % B
fiELTZ ERERTH D,
PC # U7X RC # 7 LRIEOLTHE T, LYMAMEICENLTWD Z EREIES N,
THEFEIZOWTE, FEE (2,000m*) TRBHK (WEEKENRFEL) O%H. RC ¥~
JDOTHERERZ 1 ET5E, PCHUI7OTHEEILL0I5S ThoTo, ANV T
PC ¥/ O@mSEFALTHARRFICL 2% KETDHZ LICL 0, BkR S T HEiRD
T2 DELAROH KA FHR T 5 Z L3 TE 7o, AFEHITIX, A LKR40 7 (930 151)
DEFINFEB LT,
TT— R—ALTJEZ MW PC # o7 2 @d#HTHZ LIZED, kD R—ARIRTIEC
wa\ibiéﬁ#%<\@wlﬁf\ml¢L%ﬂkl$kﬁéoﬁlﬁmibi
A THA 7T A NOHIER, AKERHE D R OBINR RIAD 5,
PC % > 7 R COREKIATHE & 72 0 BEAFE RC Bkt b OIR/KMIE THICE T TE 2,
ZHITFRIHE O K (NRW) OUGEIZEBRT 525D TH D,

0 Bd&t I F—TIL NWSDB DV = XTI~ 32—y —NT T — F— L TEOEMME & JeEric oV T,
B2 BHRICKD DO TIER, AFECIY A T oD TEBICHE L&, SARNREL -2 %
EL T2 EDORENH -7,

s O RRAEB K ER OV — % o 7 13K 68m 2B 5,
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EEN1-14) PCA LY DEBEMRUVERMEEDSHIERICOVTELH NSDBERYS >
HEREEZXRRICESIS—FZHELITOE—23 V%75,

HEHIRIAE T2 2019 4 3 H 14 B, AFEORKEI T —%FAM L7, ZINEIT(EA
U7 BARKERE 2 4. JICA AV 7 W F#HT 3 4 . NWSDB48 44, AU T > il

K74, AV T U BARPE L@ITdsRime 4 4. REEBRE l6 L ThoT,

I =TI PC ¥ v 7 OB D FLRERE S (TEE) 1-12) | BTSSR (B 2) .
PC % > 7 OEMIZ X 5805 (TEH) 1-10) 2 02583 Lic, 1§8) 1-12 122V Tl ABE 23,
iR 2 L IRE) 1-10 I2 DWW CTIE NWSDB BRE S HEEZ Y L=, FHROFTIX, NWSDB O
i x40z, PC # v 7 ORFHIDP 1 D EEHE LTz, Zhic>\TH ABE &
NWSDB Ik E2%GER A Y Lic, 20X 512, NWSDB FE D FEMAYIC B R iR ALY L
ol AFEEOFEZ®E L T, NWSDB 2 PC ¥ > 7 IZOWNWTHOA—F— v T EED
=2 EDBNTH VFHmICET S,

Rt I —TClE, AFEZBTLZ M ay a7 Mol LSO BT 40O B,
SEBRNOGERBRICED PCH 7 b7 —F—LoTEOToET—a b EhiLZ, (R
&R 6 Bl st I F—EMEREZ 2RI -0

@ BR212Z5EH
TT — R—ALTHEERAWZPC ¥ o7 O%GE « Bk - #EFFEHEICET 2 A 7 0 D BRE
DG, - BN EER SN D,

EEN2-1) RUSUHD—REMGIEKE L VERICHRIIZENLEFIEZEZLE2—F 5,
AN T DO—RIIRFGIK S 7 R IR DIEME e FIESE 2 L B o — Lo, T OREE,
AV ZUHZBITD PC ¥ 7EFOFNEZ, BARERNEIZER U THD Z EB¥bonolz,
BT, RY Z B TR, 207 ORICHYE T DM = > 27 U — FFEIZ 1,000g/m? DR Y
TFLrv—hERE, 207 ) — FORENMEZG T RWARNTHY 227 ) — RO
VDENZEZIH L TNDEZETHDH, £ IEB 1-12 THHA LB, AV T DO RC ¥
Y%, Ay 7 U — A CKREELZ RS LRFHEETH Y gEd 3-1-1(1)(7) D@
—ELL EOEMEZRHEE LTS,

EEN2-2) RUSUHDKRIZE-E=PCHE U HEH - TS () #4HEKT 5,
ARFEEICEIVUTOEI 2 FIEEZRT, AU Z U ORUUIA 72 PC ¥ 7 3% - i L
faet () MER S, FFonbO~=o 7%, NWSDB I EHIZ PC X2 7 D
RERHEEAER L, ABEIZZhE KB L,

(7)) PCZ 7 OFHH « &itfaEt (v =27 V) ROVERL
ARFEEICBIT D HEMBIRO —EHE LT, PC ¥ 7 OitH « Fit~=a2 7 VEEER LT,
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ZhuE, AFEETE TH,. NWSDB S PC ¥ v 7 it - @it C& 5 L5127, PCH 7N
AV TG ATERTHZLEEZHIELZLDOTHSD, v =27 /LT ABE BNEE{ER L,
NWSDB DR E (v = = 7V MERE B L OUPU) D = A > b Z ik S B THERL L 7-. NWSDB
BEENSIX, v =2 T VRIZOWNWT, BS L HARDE W, AT 2 TIEOFARE, £ 0
2 AV b - BEREES L Bhs, ABE & NWSDB (31 &%, LLFO X 5 e FIETH
L ima i, REEEIER L7z, ZHTIERICRROELEETH 72, LMALIDX
912, NWSDB DIk B3I ~ = 2 7 WAERUC EIRANICE G- L2 7e ., v~ =27 WA
U T B OEWEIZERELLT WO LD £72 NWSDB O~ = = 7 /W4 5 4 —F—
Yy ThEE ST

FHE] -« BXEF~ = 2 T VR OERK

PC % 7 OFFE & FREHIAR D HINBHE AT 9 72912, BARIZEIT D PC ¥ 7 OFHH
A M EEN LI~ =a T VEER L, AV T TORERBFIZAM LI L O & 7 5 EE,
NWSDB & Wi a #Hialz, 72, NWSDB B4 x5 L LI =t I —%ffEL. PC ¥
7 OFHHE « FEEFTHEICOWTIAL B Lz,

%51 [ (2015425 H 26 H)

%1 [ H OARFRZ ANIEFENZSESLH . NWSDB (28T ABE & NWSDB T~ == 7 /LD
B A DOEEEM Lz, M FEE L FICRT,

— w=a T WFEARMICH AR TORGFEICHEC T2 D LT 508, MEFREOFFAMHE
72 EIEBS I T b DIEIET B,

—  FREEOMEMREOFFAE i, NWSDB 23:%%4 95 BS # R L, % H ABE i
T Do

- VARV Abars Y — MEEVRA OB OWTIIFER A BN L, SCED AR
TIEG DV IZ < WEICIEK 2B T 5,

—  PC #i#f D KELE MRS X ONEEHEOARBOHEIZSOWTIE, BS | é?éﬁ
AN TAAROIES LY ] LW )RR ZBINT 5, £hiZ X \H%\
HESNTWRWIHBENL EWHOHBATHIFRSNTLED Z & &PIETHZ &R
AL B2 bND,

— Ay 7 U — NOEBINHEREE L0 U — TR EIE, AV T TH BSICHE S
TWAEEEMA LTS, BSICHEINTWDHDIEA XY ATHHUENETH S
e, [UENRIR DAY T A TRICEEZERT 20T EETH L L7 L T
DM, BHERORILO & 57— 2 DNEHAl ST a2 SHB IS L TV BN H
D

— B TIERA Y T MBS 2 EED OR%GEHCIE, EARMICITHEE ISR D T
fTo TR, LT, K= 27V THHUBICHT 2BEHEEE L T,
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7272 U, PERHUE AT 2 IREMEI I E T e o A% T 5 HE R G
2N TITHIEE _J:émié’:%ﬁﬁﬁ“«% EWVWIBINDDH, EZ T, Rv=aTVZ
HLHBEICHTAMAIEBZBMLTH LW W eI BRAR TN, 2720,
RO BIRF R TIXA U T U AR T 2 HEICH T 2R G0k EERR T S
TV, BRB ek G FEE R T 2 SI3# LV, Ko T HiElox 4 286 %
ITO BB T RS HAPRATIEEOMEZFIRT 5,

—  P&D LV, w==a 7 VZIE, BSIZHEWIREIEIIC L D OOEINRFHZ DWW TE L
TIELW EDOH, BEISICRT 2D HE 2GS, BARTIE #RIIZIX FEM %
R Lt 2 i3 5, —J7. BS TIHERADBIRINTEY, NWSDB & LTIk
HLOHDOHTNAY T U TOFEBIZAILTWD EDH,

—  BS8007 O/KIEHAEBRDE TIX, REHERKOUHFIIURBOMEIZ L - T, IFKRBHIKIZZR -
THOLRBRERBT 2 ETCORBENEL > TS, ZHUTOVENNHARNESE L
THOEE L, WAMEIET 2 Z 2T LT 5, KEIRD AL TOOVEINZ
TR LIBRWARDE R LRI D,

=k I —oBAfE (201545 26 H)

NWSDB 726 OHEBIC LY | FEZxS L LI =t I —%2fEE L7, &I
NWSDB @ P&D #B[-CHiE R B DFF 16 4 Td o7z,

[t I F—TlE, BOICSHMERL LOEE, AFEOHNEERTEDPCH 7 D
TER 2T LTz, IRIZ PC & v 7 OREEE L GREHHIEIZ DWW TR LT, tBTERHTIR B
RGEZ S HH L, NWSDBIZE W TiEd £ 0 BIRADNPC ¥ > 7 OIRfRE 2 D
TEH%&ﬁ%ﬁbtoi7~F~AI%KOme\254P?@Eﬁﬁiwﬂ%ﬁﬁ
L7ZBBNTINZ., 10 pRRE Ok LA ©7 4% R CHW, 512, 2011 FITRAELE
WHAKRERIZ fépc&/&®%kﬁ§#%%ﬁﬁbIm&yaﬁm%£;w¢%
R L CHIRVMEE CTH D Z LR L CIHIT - EE X TS, AU T ATIEINE
TITITRHEITFE L TORWDE, ARFET IR HL EEPh TS e b
(N;2%4$:%ELKXVk?%ﬂ%’ié@ﬁf%kﬁ%iﬁ%ibt:&%%ﬁ
THE, PCH YT PHERS LOEIRICR L THMWMEETHD Z LIFA Y 7 Hllc
> THIFH ﬁ%& &T%é&%sz
Flo, B I FTRICITEERISE DR 252 f DB &2 T T2, REMZVERM % L)
AR 5,

—  PCH U 7IZBITDEBMELEEA~DIRESE
— WA MO PC HipF OB S (& S H NI T D PC #ist DAARE E O A )

—  Double Type @ PC ¥ > 77 DB

—  Elevated Type & Tower Type @ PC ¥ 7 D&\
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BE N St [ EASIE ORI DN T

a A hE LT, NWSDB IZTiRet « i L L72[FIEIR, RO RC ¥ 7 &, K&

HEIZTEHBRTDHPCH I LA L TWE W E W) BERANTE ST,

<~ = 2 T IIVOERACICHT I-EE (20154 11 A)
NWSDB 76 OEIE « Btk E =T, UL TFOEEEIT- T2,
C LB O AR LT,

MR OWT, BRMICEIRFIELA T L TRLWE WS RS 57272
Housner D=IZ K 2 HIEERFB) /KO FH 7k A BFL LT,

BB S Z RCHEE E LTH BWEERE B L OREL BARMITER Lz,

2.2.3Heat Reflection (Z BS D& FRIC &l L7,

SRR 3 A T AKRT AR, 7 V) —7 - RIH O BEAZ B TE D &V
IFLHEUTOWT, BHLE [AARTORBRNG ) LB LT,

FHEEICY = a TARKIGT 280 & Rk LT,

v VDO EARRIT LV BET RO W ) 2 F T S E TS, RogI oI 2
W -T2 T OIEE LTz,

BETRIRO N FIRICHONWT, B TOM T ZEZE L THEERRE L5 a2
LT,

R— LD E/NSEFH L, AR TOEREND 025%DFEEL L, HROKLELZSE L
LIZfECHDHZ L &iBRE LT,
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BB #&E < —BlATE R
SR p b i S

91



BTEFRH

7R )

51 [ LA

o5 2 (A HL AT
o5 3 (A HL AT

5 4 [ A

55 5 [ A

5 6 [ A

55 7 [l A

75 8 [l A

55 9 [nl A

5510 [F]EL G AT

55 11 [ A

5512 (Bl B AR A

5513 [l B AT
514 [ B RS

2015/4/22

TET ORERS

2015/1/11~1/17

2015/2/24~3/5
2015/3/29~4/4

2015/5/18~5/28

2015/7/5~7/11

2015/7/23~17/26

2015/8/11~8/15

2015/9/13~9/21
2015/9/25

2015/10/20~10/25

2015/11/2

% 1 [A] Steering Committee Bif#

Biti = > Y v & 2 kD Ceywater & 3249
EBL/KE T D 2624 MERERR

% 2 7] Steering Committee Ff{E

PC % > 7 ORGHAL
HoTEEREE~DOET Y T

5/27 AFLATEHIAZ O FE i

fffiplin Grikst~==7/1)
AFLILE & AFLEOFHM

51 i & AUk

55 2 A3 & ATk AT

%5 3 [A] Steering Committee [ ¢
Bl R & OZAKIFRE]

AT K0 e THEE 2 4525 238 1 23 W B
fffilin (i T~==7/1)

i =

Bl T e phag ol

7T — 7 bR

2015/11/25~12/19 Bitth T e pbE B

2015/12/9~12/16

2016/2/8~2/13

2016/3/7~3/20

2016/3/20~3/26

B AR & FKE

Bfilis GHERRE Y = = 7 ViR #b
NGE=—ARET v 7T v 7EIF—ICC
L% ¥ A hPCH¥ 7 DPR
== Rk DA
KAIEEE, JETRO

BRI & BRI R = 0 FEE
7 — F—AHIF A & e
% 4 7] Steering Committee A&

N3 (SKYPE) PC # 7 Jii TAREDOMIEE1T - 7=

F%AEﬁ@%I%%ZI@&/ﬁ%lﬁ%%%Tb%

5515 [ B HER A
%516 [ B HFH A

2N Z o RS TR R

2016/9/12~9/17
2017/7/23~17/29

KA &A% OMERE

mmm$&%®ﬁm&A%LOw1m%
(A fHAH) 2017/10/9~10/13 XS %

(ZFE D TR E)



2018/02/09 MEEFEHEE 2N PC X 2 7 OBUGMRER %17 9
2018/2/23 f+iF  PC % > 7 3 5-0 Handover letter Ht15%
2018/5 PC % » 7 it B4k
9517 [IBLHFEAS 2018/7/23~7/31 A—F =27 L =—F)0, BULEA
7/25 %5 4 [F] Steering committee B
7/26 Opening ceremony
%5 18 [ BLHEHA 2019/1/16~1/22
122 AKBEOSGEER B e 7 U > 7 E i
B TR RAAERICMT 2 aE
TEARY T 0 AAREEEE ER#es, BRAR 7 +—7 o (BRiHE)
5 19 [ 5L HIFH A
3/15 Wrap up seminer

[ N TS B
2015/1/9 AT EFEE
2015/120 NSRS K ORI B fE
2015/121 4@l bR AKGESR & OFF B J1 AR D e s

2015/2/4  F2 MFAEICT - BREFT &8

2015/6/4~6/12  AFR5 ALEHE) PC % > 7 Ot~ ==7T /v
Bl 52
2015/6/9~6/19 /Kb 3% A THtHE: (ABE & T, RIL¥ENLD)

A BT R TKERE OR A

i EEOKYS. AsoKILEE 2 —

7 +—F LAKEV XA E I F—
2015/10/1~10/10 A2 AEH)  PC X 7 Ol L~==7 )V

TR R

|

2015/10/21~10/22 HBAKEHS EESHE I CTRFEEOFEN 2179
2015/1021  VBANACE 7 +— T LASINFIZ PC Z > 7 OFHAEIT S

2016/127 4R ETFAKER B ORE & E Rt

2016/22  AMEE IHAZEkt

2016/2  HUEBERERTIE . AR PE SEHT R O Bk et

2016/5/31 SKYPE 3% (NWSDB JPU)

2016/11/10 RUEBAKIERE 4 i BHAKENHEAIZ PC ¥ v 7 4R

JICA FRERIHE T FoKE BENOK A PR (RZKBA IEXER) (B)) BHER @ 10 2



EH 124 (=547 Q4), FoPaTFZA AT77, F3—, T4V 7T,
NOUE BT M7 7V ARE, AVTUn Q4), A—FY)

2016/11/30 S 7 +—F 5 H17TEKEY R AL I F—

KETRAN Y = OWTE AR AT o 72, (48 B DZENSN)

2016/12/17 WBR¥F=a 7 U — MIESIZTA Y 7 0 O #A A FEIT

KL BIAEEE B 50 4 BB,

2017/8/4  AHERT LEHasR TR OmINE T4 OB LR (4dh
BILERY ERRY, AWKT, TERT) EdEL7o1 7 Z712H % ODA
BEEZDHET, PCH T LAY T IO AT HDOWNTHEIT

2017/10/16 JICA H1i#ht I F—I2 TR U T > H OELY I DOV THIT

2018/5/11 XM FAEIA VARTEH =YFx HIZBWNTPC ¥ 7R T

71 COELY KA FRAT
2018/9/16-21 M AL : [EHE/KS (IWA) HRASE - Bra~HE

ARFEICRB T DB TFEOAL X NEIGET D,

2015/ 8/14
2015/9/1

2015/ 9/5

2015/ 9/9

2015/ 9/22
2015/ 9/25
2015/11/2
2015/11/16
2015/12/16
2015/12/31
2016/ 1/10
2016/ 1/25
2016/2/ 6

2016/2/14
2016/ 2/29
2016/ 3/11
2016/ 3/22
2016/ 4/ 8

2016/ 4/11
2016/ 4/20

AU T T O EH KDAW LT, NWSDB O HUGH & L

THEEROSH# (NWSDB, KDAW, ABE)
HANS OBEMEEIL (PC #llE, > —R)
T THBRE

PN T BRLA

Moo RA~OFH 2 GREHSELE)
77— R

JECRR D BL AT B i
JERRD =2 7 ) — MTRR

fHEE 1 Be = > 27 U — MR

fEE2 BeH v

fEE3 BeH v

MBE 4 B H 0
BE 5 B2 H 0
fUEE 6 B v

5
6

MIBEfR & B D 7 ) — MTRR

T — R A E

R—2BRO=a 7V — NI

TV —R—Lbay ha— LI AT LEEIE, F—A5ERK

AR B FFBIA A TERER % i



2016/ 4/21

W (Bl THE) JeE (AAHEZS 255 B H)

AR AV CHERFICHIRE T 5.

2016/7/29
2016/8/12
2016/9/13~17
2016/11/7~19
2017/1/4
2017/1/10
2017/2/1~16
2017/2/16
2017/3/6

2017/4/8

2017/4/18
2017/5/22
2017/6/7

2017/6/13
2017/6/16
2017/6/20
2017/6/22

2017/6/29
2017/7/27
2017/8/5
2017/9/1
2017/9/15
2017/9/18
2017/9/25
2017/10/18

2017/12/9

1[5 H O KERERBALA (K% OBLE I1Z THAK)

ARIRAVIR LD B % AT

B B A 217V, NWSDB & KDAW & ik L CHifE & 2 %
NWSDB 23 HE5E3 2 Bl 4k FINCO 23S O#HE A 1T 9

2 [B1H O/KEEERBHAG  (RGEX DELE 2 CTHEK)

Hor i B D7k 2 NWSDB - RSC(WS)Kumar 7> 5 #2521 ) 5

T 7> & O FRAHE 2 Bl #1 FINCO 237 9

Shifi > O MEE F FEBEDOHIE AT 9

NWSDB RSC(WS){H24|Z L #UIE, Engineering Assistant 23 FHI A K 7 A &%
EIToTHEY, HNEE THO BB EDH

PC % > 7 WD KEHEKTET

N2> D FAIERR ba

=B 3 OKERERB LA (RER OBRLE 2 THIK)

AERIT 4 B Z A KR SO A

NWSDB RSC(WS) L ¥ 7 L — A L ¥ —% (FHLS

Bl 5 R R A

NWSDB x5 i

OV T JICA AL & ik

K EEF T L0 PRNEE Sy Ot LEPER S D
ERAAETEET

NWSDB RSC(WS)IZ TA I a T 7= ik

TR AR . % R A

PafE] B o /K sRER B 4f

O VN Y WIRVART P2V i )

RIBESMAN 2> B AR S & 2 AHERR 4

HIEEDREESE T

11,728 IZFE L TV RUTHOW T, HNEE EE ~D LB HF AN
IRNTZONEAES 2 & DEAEN JPU LD doTo

NWSDB 2% L7z 3L 7 bR L TEY, PCH 7 NOEEIEEN
TERWED, NLTHIEZ BN TR LWED A —/L% NWSDB %6125
15 L72(2017/6/6 KU FEDIRIK & 72 > T2 AR IEDALIEIC, £ D%, FXiE
ENT LTI BIRAK)



2018/1/10

2018/1/11

2018/2/23
2018/3/8

NWSDB 7> 5 i TEZE ~DOKIND 722 THENIEE > TO DRI
7=

ABE 75 NWSDB  DGM RSE(WS)IZxf LT, FHICPC # v 7 5| &L
BIRIET D L2 —RE

A T EBEFTN NWSDB  DGM (DRI E fEss, MBENHDL O THR
FUNF 3 TRINSTZIZD WHE~MED AN ZT-o T TFRFLEEITOF
DHEEZTSH (DGM £V 129 fHF D v —%=A5, Eilk & [ CEHRA
RRE S AL, PC Z 2 7 ITHUD £ < AFLEE EOKMLE SR E Shunid, BlG %
NWSDB ~5| & ET TR E I AN D & DH)

IR L Z —CREH S TR D /E3E % KDAW 2358 T S/ 7

ABE 775 DGM ~, FEVAEEZTT LOIEFREICAL L X —% %[5
2018/2/23 {13 D PC # > 77 5115z iHE (Certificate of Handover) Htf5:



ATERE 2 SN ARC L D RBlKEHEN AR D A

L1 ARG 0D 22 4 PERERE
52 MBI A TR, SMBAM (R T R TAKER ST RAER L E ) 2R
L. NWSDB (Z & 2 HAR O X BLK G 0O 2 U VERERS 21T 5 & L taEn & | RERAE &
HHMI LTz, PCH 7 #ERICE D KFENSESND D, FERFHEIC BV TEEKES
MOEDEKREAREERELSTLOXEND D, LLFICHER ROMEZTLET D,

WH. [X-11Z Beruwala #iXOEK AR 2RI,



Maggona

Bl KEZes o
v
\ 4
Dargatown
Aok
l Beruwala
l PR Z 7
fi
fi
7K US v
®
Maggona
MER 7
Aic
y
Payagala K
Blkms s v o
i PSANIOT
7K
v
Bombuwald Beruwala B /K i
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v R
Piliminawatta
[RYINEE S N
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K > P P P <

#r KETENA #7Kk¥%  KETENA /K%
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Thebuwana HUK JiiF%
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NWSDB @ P&D EZE-oMi T EHT L D Beruwala Rt O/KEE L FTRICE L DD,

# -1 Beruwala ZHEDKE
i KFFE (m/H)
Fi LK (X 15 ‘
BLR(2014) 2015 4 2020 £ 2025 4 2030 4
Payagala 3,597 4,328 4,848 5,297
Magona
P Magona 4,027 4,910 5,542 6,078
B —
&t 7,202 7,624 9,238 10,390 11,375
Beruwala 6,532 9,939 10,749 11,590
Beruwala
. Aluthgama 5,257 11,051 11,931 12,822
FiE —
G 11,789 20,990 22,680 24,412 26,489
&t 18,991 28,614 31,918 34,802 37,864
W KA TEEL Y. B Western Central F55AT L 0
12 EKERE
BET &Y

(a) W7D
* Beruwala ZHEDOEKAR 71X NWSDB 2EEE AT 5 R 7 DOYERE
- Beruwala O PC # > 7 ® H.W.L % 26.00m & i%iE

(b) KFEE

- FAHAGBIGR T LEUE SRR D08, TR KFEN RSN L 0D,

F-2 KRTEOBD L FERTH (ni/H)

F BiPL(2014) | 2015 AR5 | 2020 FFREE 2025 45
Berulawa 11,789 20,990 22,680 24,412
Magona 7,202 7,624 9,238 10,390
aF 18,991 28,614 31,918 34,802




REHER
« PC % > 7Bt 2015 4F LB 5 R OB E 1T -T2,
£ 3 EWEHEORRE

S 2015 2020 7
Berulawa 21,800 20,600
(20,990) (24,412)
Magona 7,625 9,240
(7,624) (9,238)
HE OK RE/IAN 2

B 2K ATHERE

B MERET) OKFRED
Wkt LIEAKATBERE NIRRT DR L e oz, FTRIZRT Y §K
~BURNTNNT T a rDOERKEODEE ¢ 500mm 55 ¢ 600mm ([ZHEHTDH L

Beruwala 2 #8125 KBE /71Z 1099m3 X 24h=26. 376 m3/ A 272V @Y% ik/KBEN D3 m E L. KE
279,

EED 2020 FEDOKE

[FHAEAER (2015 FKFFEEI T DR ]

Scenario: 2015 Demand With new 600mm line from CJ to Beruwala-

Pumps for 2020 Demand under Steady State - Mew line upto Beruwala

911.37m3%h

=r 2020 Demand at Beruwala = 375 m3/ br

st Purmea w: Seccwata an charie B2 S )

[ y—— mImean

“nazme



Dbt (2020 4K TEZIT 5T 2 AR ) ]

Pumps for 2020 Demand under Steady State - New line upto Beruwala

860.57m3h

Lt
TraTu ez

2020 Dermand at Beruwala = 375 m3/ be

(Mt R (2020 FOKRFEIG T 2 M-k~ FIArvy 7o a v ETO%
KA % ¢ 500mm 75 ¢ 600mm (28 X2 5IHE(TIRIOFRMH)DOFER) ]

Pumps for 2020 Demand under Steady State - New line upto Beruwala

1099.00m3/h

r 2020 Demand at Baruwsla = 873 m3 hr




1.3 El/k ARG
Beruwala BR/KEZEH 5

BoKmZes v 7 K : 1,350 m?

BlKmZE 2 o 703, i L VRSO @mWFEKIXABLKT 5 6 O T, Beruwala #57K
X OKFTEFEBURFERRIT 6,532 m%/ A, 2015 FF/KFTFET 9,939 m¥/ H | 2020 4F/KFFZE 10,749
m¥/ B, 2025 FKFTFEIZ 11,590 m¥/ H D72, BKEZR S 7 ORKEEI T Z B
25 5.0 FFfH] (=1,350/6, 532x24) . 2015 4EFF2LA5 3.2 I§f], 2020 475 3.0 ¢, 2025 4228
2.8 WEMIZ 72 % (Bl/KmZEH v 7 Mkl 7 5 £ TOR > 7 TEEERF ] 1T 3.8 IFf) .
Beruwala i /K #h.7> 5 Beruwala Bl /KB 282 o 7 ~DIEKKR U TREINBARE L TWDH Z &
M, FEEF KRR ShD,

Beruwala ¥ COXEKEHTHNE T L, Fix PC Z > 7 (3BMEK L D SWLEIZH
O e RN 10m < 725 2 Enh . #iak PC 2 0 7 Db BRI F O KIX & Bk Ese
B DB IR KK & 53 5 2 L2 K 0 RERFE /K O REDRE S b JIAR RN 6 5

(Beruwala #& /K KOO & D 5V v X & AR i OARVMERIX D53 1 1220 T NWSDB (2 ffaf &
KiH), ZORMEEE A, B NS TE D E 2R L,

Dargatown Eg7Kith

BoKmZes v 7 K& : 1,500 m?

Daegatown f57K XAZ 317 2 K FFEOBLRFERE T 5,257 m¥/ H |, 2015 F/KFFEZEIT 11,051 mY/
H. 2020 FF/KFFET 11,931 m¥/ A 2025 FF/KFFEIT 12,822 m¥/ A D726, Bk S 7
DEFKFENZENZENHIA 6.8 BEH] (=1,500/5,257x24) . 2015 4EFEEE)N 3.3 FEf#, 2020
R 3.0 WEfH]L 2025 4E23 2.8 IEfEIIC 722 D (Bl/K@iBR % v 7 D3t 7e 5 & TOR v 7 iEilR
AL 5.6 BERD) .

Beruwala B7K#fL7> & Dargatown BR/KEZE S 7 ~DEKKR L TRIIMBAEL TNWD Z
b, RERIRAKDRERL S,

FlKMOFE LR E L TVDEN, EKRTEREADBKRY, ZORK=Y 7iX, A7
EEH L, EKE AR L & RERIFE K MR S 72 EHERI X5 0 T NWSDB (2
PEAKEOBMERIEL7Z, Zon5ORMEIZOWT, NWSDB &Ry 7 HH Nk KE
DIAREZEHET L TVD P, TREMBR TE VR E O,

2. PCHEUIVBAICEYRAFN LHFRMERE

Beruwala 7K X O IR 5 7K [ E D RS0 7K T A M HIge~ D XL R A3 Pl e & b %
73, Dargatown Fa7KX DM, Aluthgama [ZiE7K AR 7 Je OEKE 2 BT e OS2 L 72\
LI, KA KB OMEE N A E v e b s,



(1) FKHIX OFA
MR A~OE TV 712X > T, FreOBURBHA LN E /o7,

© IR

Beruwala YT 48 D FG /K HUX I ZRERIFA/K ORGUCH O . 1T HEFIC 1 EE T RBAK S 05 H
KOERND DT L—A0NH DH0E, OFRKHIX Z Wik L T2EK LT DRI
MBIz, £, WEIKEEPMHE SN HXIZEW T, BEAONLKBTROVDIZ
KEREZFFERINTZZ LD, BKE 2O Lo REKHIX S & 5,
© BLRDOHT

Fa /K HE DM LR T AUEIKIE A 55 T D3RI S 4L 2 X FEV R, LasL, B L
BURINZ XV AKX 3R R U CTREREIFEKICE - T b LoD, F70. 2K
N EdROEF ALV IGY VI S NDICEST2EEZ LD,
@ AHOIHE

E A K DIRTE R L OSSR AKX OfFEIC T TiX, 21 £ TOKEH R IE %2 74
BT HZ L THBROBBRENHA LIRS L Bbh b,

Aluthgama AHa K HL X DG A
IBEERIN

Beruwala Al/KR#E(21% Beruwala Bl/K&Ze % > 7 /b — K & Aluthgama Fl/Kk/L—
(Bentota S&ft & & de) K ORERK Beruwala BL/KMMDEFEIGK T2 RN H 5,

NWSDB Mr.Mendis & ¥ Beruwala =V 77 & Aluthgama O #a7K H # & O /KGEER (H 5
VDT —42) Z NFTE T, faKAMOEFHE & Bl /KFLER DA FHEIZLIRT NWSDB 7>
BAF LTKRTER (2015 4L, 2020 FRAE, 2025 4L, 2030 4R) LiEH A, BE 5
XA EIOEBHIFEEM TH Y . DRTAT L7127 — Z 1TRAKSCFH - K 3 2 Nk U 72 3
fETIERVr L Bbh s,

Beruwala 257K & 1ZNEE ¢ S00mm (ZFHT I 2 AL, Beruwala LLREDRKE DA HF
Ao 72728 Ketthena /K5 DEKAR T ZHIR L THEAKE(T- CTE T, TORE
C Beruwala B7/KHLIZ K237 E 572 <. Beruwala Fd/KE28 % > 7 Fi7R > 7" L Dargatown fic
KM AR 7 DRIFFHEERN TE 722> 72, Lo T, Beruwala SR #t & Dargatown R0 & H
B NDREKR > 7 2 B R L721T 7 B2 T2 DR RIFEKIZE > T %,

Beruwala & ¥ Dargatown (FFlZ Aluthgama O N O E OE O HE) OF N K E <
WA, RTINS X2 &% 5 (Padagoda, Kalawila, Magangoda,
Pathirajagoda, Sinharoopagama 73 &),

Aluthgama FHFTIL, Hiax PC ¥ > 7 J%#4 1% DargaTown S&#t & Beruwala 52t 2 JH N7
L. FEEF AKX ZRETE 5 2 2R L TV D,

BITEIX, Beruwala @ OIC 7% Beruwala #i X ~D#5/K 2 BT 2HEMICH D, &
Aluthgama @ OIC [T ->TW5, 2 DORMEAMNLIED Z LITL Y KDOEY HVR



MR B LTS

Aluthgama O O &\ WHIE I TR R BTl | BOHKKET> TWVW5b, FER»
OEMVNREEIT S & Aluthgama DFE7KZ 2 & 8, Dargatown OFELKHLA 72 L, 7KHE
1T T, RHIBICHKT 2 L0 ) HROREZ > T\ D,

Pathirajagoda CTl&, 5 FIZERNIREH THRARD D 72D, EHRE R 2720, 513H 3
BHEE LEAKRDB 72, KK D & HPKEME > TWD A, HFOKEDEN (8
IMRZN) . KEDAR, R TOBEBIEHEDBE, 72 EBIEIEKIEZ 24 FeffaK L
THKLWN &5 (Pathirajagoda DFEROE T U 7)),

Padagoda @™ Govinnagama #1213 % 72 NWSDB O 2372\, 50 7 4 — FNDOES DOH:
FaffioTind, TN HFbHY, FARKOEREZRHEL TWD,

Malewangoda @ Sri Pushparama FOERDFHZ L D & 10 4 < B WA AKE R B S
e, EO%, EFTCHER TR L7272 OF R OSFEL ORI KD K72 7o T
&%z%ﬂéom@ﬁﬁwk@éﬁﬁ I, 1o FZ 5~6 IHENILA L TEY ., M

WZ5~6 DR T HoF, EFIKEZLS A EFTWEHENR, REEE THDLEDZ &,

NWﬁB@Ammmmmom_% BT D & KK ool DiE, MR TGN ERHR
TIF <, BEMNZANOEINCED LD L, ZOF TITH 80 7K KR oo
loe ZOXI 2L ZAHMN, HIRAET 10 BFTdH Y | HIKOFKEZEIE L TF v v
1 L7e OKD3RZRW DI NWSDB Dif R EA < % DIFAEY) & OEROF R —HE/KH
LD DOH LH—-HIX OAGERE 28I L CTX ¥ v 7 1EDO%HK), Aluthgama Ti, £
400 HE N Z O X 5 BT faKkiEl) &7eoTnd, 95 1 T, Kanagalla &5
BAIE LS, BTl 720, HFKER 7T A LTS LB TE v
7osh, B R ITHEAKETHRAK L TWD, EOBRIE 1 REIZE, FKEOKZBKE
IZo72 <,

Aluthgama OZLIR L Dargatown Bk 2> HEIK LTV D23, BlKHLZ A>T 8L
D BHEK LN ENWTRVENZ OO T, [HNIEK LRV EWT Ry, LavL, 4
F ORI, NWSDB AERDFE 2 Ji[FAkk. Beruwala DR > 7RES) % BT AU TR AR &
PR L CWD D, EBIIAR S T ORBETIE R EKGOR L TREDICHER S 5 & Bb
ns,
2)ikiH

FELOMBESRIL, R 7R &EERRF D BT 5 & Beruwala Bl/KHLIZ ISV T
Dargatown ﬁﬂ7kﬁﬁ IASTLDEBLVH TS ENRZ WO EEZEZLND, o, K
7 DOIERR ALK AT AR O KA 2 LT FE)T ON, OFF 217> T %,

G K HIPX DN B R0KFEEIZ O W TEYEICEE G232 < % H NWSDB &9 % 44
N D,

Kalutara }2 (% Aluthgama OHATFH > OIC OFFZ R < & B O UhE = ekl (R
7)) OEF AT Z XA K ORBEIZIER T 5 & bl b,



() LR A E % 2B NFR A

PC % 7 B G DRFEFG K DUCEEN R AR T D 7D OFHTFHA & LT, 2016 4F 2
AIZ Aluthgama H#fi[X. DhargaTown OfERE T U 7 %4757, FEEOAD LW HIK O KFH]
faACRIIE, B 1A L<IX10 BIZ 1 ERREThH -7z, —F. EHHICAETEYK L
DGR D LB Y BAT 72 HUX 2 330 Tl NWSDB 22 B Dk E 4 A S Aulid ACK i 23
B2 EZ L—AT5FEREH Y, NWSDB HIXHH Y2 L, KiEA—X DREAICE
DKERDRDDBRIFRINTNDLEDZ L,
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SECTIONAL ELEVATION H-%

[PIPES ROT SRS IR CLARITT]

Udawalawa RC Tank Di= 20.0m H = 6.4m V=2000m3

I

g LA

Minimum Price 48,578,541

-

Beruwala PC Tank Di= 16.0m H = 10.0m V=2000m3

Minimum Price 43,762,540
PG Material (Supplied product) 6,500,000
. Air Dome ( Supplied product) 7,400,000
57,662,540
The same shape as UDAWALA
PC Tank Di= 20.0m H = 6.4m V=2000m3 Amount of Contract 36,500,000
PC Material (Supplied product) 6,500,000
Minimum Price 44,099,175 Air Dome ( Supplied product) 7.400.000
PC Material (Supplied product) 5,200,000 50,400,000
49,299,175
7K (m) B IR TR T FEAAR AL
RC (Udawalawa) 6.4 3.13 LKR 48,578,000 NWSDB f&H
(¥36,434,000)
1.000
PC (RC [FIJZHR) 6.4 3.13 LKR 49,299,000 NWSDB &
(¥36,974,000)
1.015
LKR 57,662,000 NWSDB f& %
(¥43,217,000)
1.187
PC (Beruwala) 10.0 1.60 — -
LKR 50,400,000 5 Al %
(¥37,800,000)
1.038

I T B D A B P AL D ISALIRARAT#S

K 2,000m® D RC & PC O TH#E O s 5




Technical information

for planning and designing of PC tank

for National Water Supply and Drainage Board

in Sri Lanka

26/October/2016

ABE NIKKO KOGYO Co., Ltd.
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1. General of Provisions

1.1 Scope

This document applies to the planning and design of the on ground constructed cylindrical tank with

pre-stressed concrete for water supply at non earthquake area (hereafter referred to as a PC tank).The concepts

and the method introduced in the document are basically referred to “Recommendations for Design and

Construction of Pre-stressed concrete Tap Water Tanks (Japan Water Works Association, 1998)” with some

adaption to the BS code.

The PC tank generally comprises the roof, wall and base slab. The structure of each members of PC tank is as

shown in Table-1.1 and an example of general shape of PC tank is as shown in Figure-1.1.

Table-1.1 Structure of each members of PC tank

Member

Shape

Structure

Roof

Dome or flat slab | RC  rough guide. If the dome radius is more than 50 meters, it

Note: The dome radius should not be greater than 50 meters as a

should be combination with the flat slab.

Wall

Cylinder

Note: Circumferential pre-stress should be introduced

necessarily. Vertical direction might be reinforced concrete (RC)
PC structure depending on the height of wall and the capacity.

(If the height of wall is less than 3.0m and the capacity is less

than 1,000m’, RC structure in vertical direction might be more

economic in Japan.)

Base slab

Circular flat slab RC

SECTION

o
.
=

\ o \ ROOF PLAN
T/H.W.Li

Figure-1.1 An example of general shape of PC tank
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Followings are the applicable recommendations and references.

-BRITISH STANDARD BS 8007:1987 Design of concrete structures for retaining aqueous liquids

-BRITISH STANDARD BS 8110-1: 1997 Structural use of concrete

- Recommendations for Design and Construction of Pre-stressed concrete Tap Water Tanks (Japan Water Works
Association, 1998).

- Recommendations for Design of Waterworks Facilities (Japan water Works Association, 2012)

- Standard Specifications for Concrete Structures (Japan Society of Civil Engineers, 2012)

- Standard Specifications for Highway Bridges (Japan Road Association)
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1. General of Provisions

1.2 Terms and definitions

cylindrical pre-stressed concrete tank
A concrete tank comprising the roof, cylindrical wall, and base slab, for which pre-stressing steel is

provided at least in the circumferential direction to apply pre-stress

primary loads

Loads that constantly act

particular loads

Special loads that act depending on the natural conditions of the tank construction site.

live loads
The loads of portions not included in the design calculation of structural members or loads applied to the

roof for such purposes as inspection

tank full condition

A state in which the water level in the tank reaches the design high water level

tank empty condition

A state in which no water is present in the tank

spherical dome

A curved shell in the form of a part of a sphere cut off by a plane

dome ring
A circular beam provided along the base of the roof of a spherical or other shape of dome to control radial

displacement at the edge of the roof

rise-to-span ratio
A ratio of the vertical distance from the apex of the dome to the line connecting both ends of a dome axis

(dome span) to the length of the dome span

membrane force

The in-plane axial force of a shell structure

horizontal thrust

The horizontal component of the axial force in the meridian direction of the dome at the edge of the dome

bending analysis
An analysis method for determining the membrane force and bending moment in consideration of the

boundary conditions at the edge of the dome
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fixed support
Wall-bottom connection slab whereby the rotation or horizontal displacement of the wall with respect to the

bottom is not allowed

residual compressive force

A surplus of the pre-stressing force of concrete under water pressure

hoop tension

A circumferential axial tensile force generated by loads such as water pressure

load balance method
A concept for designing circumferential pre-stress where, required pre-stress is considered to be equal to the

maximum occurred tensile forces.

out-of-plane shear force

Shear force that acts at a right angle to the shell surface

in-plane shear force

Shear force that acts parallel to the shell surface

clearance height

The distance between the design high water level and the upper edge of the tank wall

pilaster
Rectangular projections from the tank wall along its generatrix lines, for anchoring circumferential

pre-stressing steel

ring plate

The peripheral part of the base slab for transmitting forces primarily from the tank wall to the ground

membrane floor

A part other than the ring plate of the base slab that does not resist bending moments

disc part
A part other than the ring plate of the base slab that resists bending moments

Tendon

High strength steel for introduction of pre-stress

Anchorages

Implements for anchoring the end of the tendon in concrete and transferring pre-stress to members
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Sheath

A tube to be installed in the concrete in order to insert the tendon

Set length

Pull-in length at the anchorage when the tendon is anchored
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1. General of Provisions

1.3 Symbols
Ay area of concrete subjected to bearing load
A, total area of concrete surface
Ay surface area of dome
Agp area subjected to the effect of anchorage set
A, cross-sectional area of pre-stressing steel
Ay cross-sectional area of tensile reinforcement
b member width
E elastic modulus
E. elasticity modulus of concrete
E, elasticity modulus of pre-stressing steel
E; elasticity modulus of steel reinforcement
F, pre-stressing force on dome ring
f&  design strength of concrete
Sea design compressive strength of concrete
Sou tensile strength of pre-stressing steel
Joy yield strength of pre-stressing steel
Jo yield strength of steel reinforcement
Jua design tensile strength of pre-stressing steel
Jra design yield strength of steel reinforcement and structural steel
G shear modulus of elasticity
g gravitational acceleration
20 uniform pressure
H total water depth of tank
H, length of thickened wall (haunch height)
H, horizontal thrust
H, water depth at an arbitrary point
hy dome rise
K flexural stiffness | = Bt 3
12‘1 -V ’
K friction coefficient per unit length of tendon
K, design horizontal seismic coefficient
K, vertical subgrade reaction modulus
ky coefficient incorporating the characteristics of foundations
kg coefficient incorporating the characteristics of base slab
L, ring plate width
/ length from the tension end of tendon to the design cross section
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length of pre-stressing steel

maximum spacing of pre-stressing steel

set length

restraining moment at the bottom of tank wall

vertical bending moment at the bottom of tank wall with a constant thickness
vertical bending moment at bottom of tank wall

vertical bending moment at the bottom of tank wall incorporating increases in the wall bottom

thickness

vertical bending moment

circumferential bending moment

torsional moment

torsional moment

membrane force per unit length of dome in the meridian direction
membrane force per unit length of dome in the parallel direction
axial force in the vertical direction

axial force in the circumferential direction

in-plane shear force

in-plane shear force

elastic modulus ratio (=E/E.)

tensile force of tendon at the jack position

tensile force of tendon at jack position after considering the set length
tensile force of tendon at design cross section

tensile force loss of pre-stressing steel due to set length of anchors
hydrostatic water pressure at an arbitrary depth from the water surface
shear force at an arbitrary point of beam

restrained shear force at the bottom of tank wall

out-of-plane shear force

out-of-plane shear force

load per unit area

live load per unit area

deadweight per unit area

radius of tank wall

radius of dome

safety factor

wall thickness

thickness of dome

thickness of the bottom of tank wall with a haunch

thickness of ring plate

base slab thickness

effective age of concrete at the time of loading and calculating creep factor (days)
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Oq

Qo

minimum thickness of tank wall

tank capacity

total weight of contained water

dead weight of dome

radial displacement of tank wall at an arbitrary point
radial displacement of tank wall

section modulus for the distance from the neutral axis to the compression edge when the tank is

assumed to be a thin-wall ring

angular change of pre-stressing steel

half-open angle of dome

factor dependent on the haunch height

characteristic value of tank wall

relaxation ratio of pre-stressing steel

material factor

creep strain of concrete

drying shrinkage of concrete

effectiveness coefficient (=o,c/0,)

friction coefficient per radian of angle change

Poisson’s ratio

density of water

density of concrete

bearing stress limit of concrete

tensile stress of concrete

compressive stress of concrete

stress of concrete cross section under sustained load at the centroid of pre-stressing steel
concrete stress at the centroid of pre-stressing steel due to tensioning
prestress immediately after tensioning at the centroid of tendon

effective tensile stress of pre-stressing steel

tensile stress of pre-stressing steel immediately after tensioning

tensile stress loss of pre-stressing steel due to elastic deformation of concrete
tensile stress loss of pre-stressing steel due to relaxation of pre-stressing steel
tensile stress loss of pre-stressing steel due to creep and drying shrinkage of concrete
creep factor for concrete

angle from the rotation axis at an arbitrary point of dome

gooooobd
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INVITATION

Final Seminar of the PC Tank Project by Abe Nikko Kogyo

JICA

Verification Survey with the Private Sector for Disseminating Japanese Technologies
for
Pre-stressed Concrete Tanks for
Water Supply and Sewage Treatment Systems in Sri Lanka

March 14 (Thursday), 2019, 9:30~
at Mt. Lavinia Hotel “Regency”

09:30 Registration & Tea

10:00 Inauguration ceremony
Traditional Oil Lamp + Chairman, NWSDB
Opening address - Minister, Japanese Embassy
Key note address in Sri Lanka
Introduction of the JICA PC tank project - Vice President, Abe Nikko
Kogyo
10:30 Result of verification - the PC Tank Abe Nikko Kogyo
Video - Construction of the PC tank at Beruwala Abe Nikko Kogyo
Technical Transfer of the PC Tanks JPU, NWSDB
Result of Verification - Air-dome technology Abe Nikko Kogyo
Impact of the Pilot Project RSC (WS), NWSDB

Comments from Life of Water Chubu Forum, Nagoya | Life of Water Chubu Forum

Q&A
Closing Remarks DGM, RSC (WS) NWSDB
Vote of thanks Abe Nikko Kogyo

12:35 Lunch

13:35 Technical Session NWSDB JPU & Abe Nikko

(2 hours) | <Introduction of key factors for designing PC tanks>
Background of design of PC tanks

Theory behind pre-stressed concrete
Pre-stressing system, materials and equipment
Losses in pre-stress

Structural principles and considerations used in
calculation

Explanation on design platform




Final Seminar of PC Tank Project
by Abe Nikko Kogyo

JICA

Verification Survey with the Private Sector
for Disseminating Japanese Technologies

for

Pre-stressed Concrete Tanks for
Water Supply and Sewage Treatment Systems in Sri Lanka

On March 14, 2019
At Mt. Lavinia Hotel

VERIFICATION SURVEY WITH THE PRIVATE SECTOR FOR DISSEMINATING
JAPANESE TECHNOLOGIES FOR PRE-STRESSED CONCRETE(PC) TANKS FOR

WATER SUPPLY AND SEWAGE TREATMENT SYSTEMS IN SRI LANKA

Development needs of Sri Lanka

/> Development of urban water supply \
system is urgent need

» Finding land for a reservoir in
urban area is difficult

» Shortening construction period and

» Saving construction cost is required

» Construction with complete safety

\ management

Content of dissemination and
verification survey

/
onstructing a PC tank of 2,000m3
capacity using air-dome technology in \
Beruwala.
» Verifying serviceability and superiority
of PC tank.
» Technical transfer related to designing,
construction and maintenance of PC
tank.
» PC tank which using air-dome
technology will be adopted as a
standard reservoir.
» Organizing and considering about

dissemination method and issues of /
this technologies/products.

\I

ABE NIKKO KOGYO CO.,LTD.(GIFU)

Achievements of Sri Lanka side

» Urban water supply system which can secure
constant supply of safe water will be expanded
and Disseminated.

» PC tanks using low-cost and durable air-dome
technology will be disseminated.

» Effective land use will be spread because
reservoirs can be constructed anywhere.

“PC tank” will achieve low-cost,
durability and safe construction

SUUAN J

* Technology which disseminated
PC tank in Japan

¢ Air-dome technology can
shortening construction period
and construct safely.

« Differentiation by unique
technology

/ Present situation

»RC tank is still major abroad because of lack of
technologies of PC tank.
After PC tanks using air-dome technology will be
adopted as a standard reservoir in Sri Lanka,

» ODA project of PC tanks with air-dome
technology will be expected to be formulated
in Sri Lanka.

»PC tank centered water business package will

be expected to be deployed to Sri Lanka.
"/

-

»Engineering service related to PC will also
expected to be deployed to Sri Lanka.




OUTLINE OF THE SURVEY <Purposes>

1. To verify advantages of ABE’s PC Tank by constructing the one
as a pilot demonstration.
€ Construction of the PC Tank of 2000m3 at Beruwala
€ Improve NWSDB’s water supply capacity in the area
€ Contribute for uplifting social and living environment of the
community.
2. Technical transfer
For NWSDB and other stakeholders for planning, designing,
construction, O&M of PC Tanks.
3. Make standards for PC Tanks
To introduce PC Tanks as standard water tanks for the country.
4. Future business plan
To make necessary arrangement for disseminate PC Tanks in the
country and by formulating a future business plan of ABE.

OUTLINE OF THE SURVEY <Activities>
Construction of the PC Tank at Beruwala as a pilot
demonstration and Promotion of ABE’s PC tank
1) Establishment of steering committee
2) Procurement of a consultant and a contractor
3) Training in Japan (2 persons)
4) Construction started
5) Inspection by NWSDB specially for
@® [nstallation of vertical PC tendon
® Stressing of PC wires
® Construction of Air-dome roof
® Wall thickness and volume of rebar
6) Completion of the construction (in 5 months)
7) Yard piping by NWSDB
8) Handover the PC tank to NWSDB
9) Monitoring of function and utilization of the tank
10) Today’s seminar 3




[ Our company-1 }

* Company name: ABE NIKKO KOGYO CO., LTD.

- Established in 1949
- Head office: Gifu prefecture, Japan.

[ Our company-2 J

= 5 branch offices, 3 material centers and 5 factories
* Number of staff : Approximately 500
- Specialized in constructions

of pre-stressed concrete structure




[ ABE’s Strong points in PC Technology }

Constructed the first PC tank in Japan in 1957.
Constructed more than 5,000 PC tanks.

We have 60% of share in Japan.

International experience in Egypt, Jordan, Bhutan, etc.

Rich experience and technical know-how on design and

construction of PC structures.

Egypt

Jordan

Bhutan

[ABE'S PC technology ]

*Tank

“Bridge

*Building

*Sleeper of railway

...ahd so on




[ Mechanism of PC tank J

<barrel >

PC tendon

<PCtank> Chigh strength steel) hoop

wall (concrete) panel (wood)

same principal with barrels - No leakage !

e

Advantages of PC tank J

-

PC tank RC tank
Construction ) . . .
cost Low in case of large capacity. | Low in case of small capacity.
Maintenance Low because there is no Maintenance cost for repair
cost crack. work might be required.
No leakage because there is Leakage might occur from
Leakage
no crack. crack.
. : . Leakage and corrosion of
Durability High durability g !
steel likely to occur.
Land needed Small Large
Depth No limited Maximum 5m~6m




[Output / Beruwla PCtankJ

SECTION

Lugang

10300

10339

32491

Vo Ll

e
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Advantages —
Less land needed and Same construction cost

RC Tank (BS) PC Tank (JP:AirDome)

Volume=2,000m? Volume=2,000m?
Height=6.4m Height=10.0m
Diameter=20.0m Diameter=16.0m

Same cost »




Benefits J

Gravity supply for the wider area was realized due to the

high depth of the PC tank.
v/ New connections

v/ Improvement of service hours

v/ Reduction of the monthly electricity cost 400,000LKR

¢/ Can supply even during the power cut

ABE NIKKO KOGYO Co., Ltd.

The Survey Team

JAPAN

Kaihatsu Management Consulting, Inc.

Life of Water Chubu Forum, NAGOYA
*Nagoya City Waterworks & Sewerage Bureau
*Nakanihon Engineering Consultants Co., Ltd.
*Nagoya Wa-Links

The Steering Committee
ABE, NWSDB, JICA

Ceywater Consultants

v

Sri Lanka

Ceywater Consultants (Pvt.) Ltd.

*Design and Preparation
*Management of LCB
on-behalf of ABE

lll

K.D.A.WEERASINGHE &CO.
(PVT)LTD.

*Construct




History
DAY

14 Aug 2015 Contract with KDAW, Received the site from NWSDB

1 Sep The first joint meeting (NWSDB, KDAW, ABE)
24 Sep Holding a briefing session for residents
2 Nov Commemorative plaque
16 Nov Start of Base slab work
24 Mar 2016 Demonstration of AIR-DOME Engineering
11 Apr Completion of the PC tank construction
Yard piping by NWSDB

23 Feb 2018 Hand over

14

OUTCOME OF THE SURVEY <Results>
1. Advantages of ABE’s PC Tank was verified
* High water-depth and thin wall thickness and durable, with PC
structure in the restricted land
e Air Dome method proved that a dome roof can be constructed
in a short period (in 2 weeks) and with higher safely (no need
for work at high place).
2. Technical transfer
* Training in Japan
e QOIJT at the construction site
e Air-dome demonstration
e Training of design of PC tank (today’s seminar
3. Make standards for PC Tanks
Abe and NWSDB developed the plan and design; and
construction manuals for PC tanks for Sri Lanka.
4. Future business plan
Further dissemination of PC tanks in Sri Lanka

15




Result of the Pilot Demonstration
Project
— verification of the advantages of
the PC Tank

1. Result of Verification

2.Lessons learned from the pilot project

[ Propose of the Pilot Demonstration Project }

To verify advantages of ABE’s PC tank that are
v'durable
v efficient land use
v’economical
v'more safety
v'speedy construction
v'Improve NWSDB’s water supply capacity in Beruwala

v'Contribute for uplifting social and living environment
of the community.




{ Result of the Pilot Demonstration Project }

Advantages of ABE’s PC Tank was verified
v'Durable (PC structure)
v efficient land use (less land space was needed)
v'Economical (less material)
v'More safety (Air done engineering)
v'speedy construction (in 5 months)
v'NWSDB’s water supply capacity in Beruwala was improved

VIt contributed uplifting social and living environment of the
community.

to be explained by RSC (WS)

Advantage — Higher durability of PC structure

Characteristic of concrete

Weak against
[ Strong against } tension

compression

load

Plain concrete :Z>

load

Reinforced concrete }Z> crack




Advantage - Higher durability of PC structure

Pre-stressed Concrete

<} load

=) ===

enhance
by pre-stress control crack

“PC” is initials of Pre-stressed Concrete

Advantage - Higher durability of PC structure
<barrel>
PC tendon

<PCtank> Chigh strength steel) hoop

wall (concrete) panel (wood)

same principal with barrels - No leakage !




Advantage — less land area needed

Less land acquisition needed

* No limitation of the depth of the water.
e Elevated type PC tank can be 50m high.

Advantages — Less land area needed

RC Tank PC Tank

!
SECTIONAL ELEVATION X=X
)

{PIPES KOT SHOWK FOR CLART

Volume=2,000m? Volume=2,000m?
Height=6.4m Height=10.0m
Diameter=20.0m Diameter=16.0m




Advantage - Economical

Less cost

e Less volume of concrete needed

é

Because walls can be thinner.

e Less land is needed.
<Because it can be higher. Ex) 50m
e Less earthwork is needed.

é

Because PC tanks doesn’t need excavation

Advantage - Economical

Item PC tank RC tank
Construction | Low in case of large Low in case of small
cost capacity. capacity.
Maintenance |Low because there is no Maintenance cost for repair
cost crack. work might be required.

No leakage because there is | Leakage might occur from

Leakage no crack. crack.
. : . Leakage and corrosion of
Durability High durability steel likely to occur.
Land needed |Small Large
Depth No limitation Maximum 5m~6m




Advantages — Economical _ Cost comparison

RC Tank PC Tank

| 'Llﬁi‘f;
8 rz_i_ 7;@”@%’%_ \l“ /
f | i
I | E
ﬁlWi:.!. | ZLL”
j
Volume=2,000m? Volume=2,000m?
Height=6.4m Height=6.4m
Diameter=20.0m Diameter=20.0m
Estimated cost =1 Estimated cost = 1.015
Same cost but the higher quality !!
Advantage - Safe
More Safety

e Air dome engineering for the dorm
<& To be explained

12




Advantage — Speedy construction

Speedy construction

e The PC tank was constructed in 5 months

13

Lessons learned
Water leakage

The causes of the water leakages were;

e Inappropriate methods of
consolidation.

 Insufficient compaction
(vibration)

e There was not enough consolidation
of concrete.

e Less experienced vibrator operators
merely flatten the batch.

14




Solutions (Improvement)

e Utilize construction manual for PC tank

Revised Manual Ver.6 11 July 2017 /
RSC(WS)

It was not the leakages from cracks of concrete
walls.

Therefore, “Fail Safe” is a common practice in
dealing with waterproofing of construction joint,
and P-Cone 1n Japan

15

PC Tanks in JAPAN Gifu city

H=12m

from public relations magazine

Capacity : 4,000 m3
H : 80m
D: 180m

16




Good Morning!!!

3/15/2019

3/15/2019

" =g

'I?i-nal Seminar of the PC Tank Project by Abe Nikko Kogyo

Transfer of Technical Know -How
of Circular Pre- Stressed Concrete Tanks

By: Senani.Jayasinghe
AGM (JPU)
NWS&DB

—

Contents of The Presentation

1. JICA Types of Assistance for Development

2. Why Pre-Stressed Structures are Used in Liquid Retaining
Structures

3. Objectives of the Project

4. Objectives Related to Technical transfer

5. Training in Japan

% Discussion on Design Calculation & PC Manual

% Site Visits on PC Tanks

% Other Visits

5. On-thejob training OJT
Demonstration - Air Dorm technology
Technical and Construction Manuals.

*

K

“JICA Types of Assistance for Development

¢ Technical Cooperation.

« Official Development Assistance Loans.

< Official Development Assistance Grants.

% Citizen Participation. (Volunteers. JICA Partnership Program.)
% Public-Private Partnerships.

+ Emergency Disaster Relief.

Japanese private sector possess technical Know how and related human resources in

various fields that may assist in fulfilling societal needs and have a positive impact on

the social welfare of the partner countries.

JICA invites proposals from Small and Medium(SMEs)size Japanese Enterprises and

collaborate with the proponents who have submitted successful proposals.

SMEs focus on business avenues in partner countries.

3/15/2019




SEMINATING J
PRE-STRESSED CONCRETE TANKS FOR WATER SUPPLY &

SEWERAGE SYSTEMS IN SRI LANKA

by Abe Nikko Kogyo in Japan

JICA Funding Assistance - 100MJPY

PC TANK AT BERUWALA

Capacity :2000m? Capacity

3/15/2019 6

Why Pre-Stressed Structures are Good for Liquid

Retaining Structures?

1. Concrete has very high compressive strength.

2. Concrete has very low tensile strength and cracks are due to this
low tensile strength.

When a structural element is pre-stressed it is always in

compression and no allowance for tension.

#*no cracks

**No leakages

Hence durable and very less maintenance is required

3. No limitations for depth of the structure. Hence Required
less land area.

4. Durable and no maintenance is required.

5. It has proven resistance to earth quake and Tsunami
situations.

3. 3/15/2019 7

Why Cylindrical Pre-Stressed Structures ?

*Cylindrical tank is a convenient structure to contain liquid.

eIt is a shell structure and can carry greater loads with thin sections.
*The ring tensile forces develop according to the depth of the liquid
can be counteracted with the applied pre stress forces. Then the

structure deals only with compressive forces.

3/15/2019 8




Objectives of the Project;

1. Proof Advantages of PC Water Tanks for the Stake holders

2. Demonstrate the Whole Process of Construction of PC tank of
ABE Nikko: Planning Design and Construction

3. Transfer knowledge and Skills on Designing of PC water Tanks for
NWS&DB and Local Consultancy Companies

4. Transfer knowledge and Skills on Construction Supervision of PC
water Tanks for NWS&DB and Local Construction Companies

5. Establish a Technical Standard for Designing and Construction of

PC Water Tanks in NWS&DB

3/15/2019 9

Objectives Related to Transfer of Technical Know-How;

1. Demonstrate the Whole Process of Construction of PC tank of ABE
Nikko: Planning Design and Construction

2. Transfer knowledge and Skills on Designing of PC water Tanks for
NWS&DB and Local Consultancy Companies

3. Transfer knowledge and Skills on Construction Supervision of PC
water Tanks for NWS&DB and Local Construction Companies

4. Establish a Technical Standard for Designing and Construction of PC
Water Tanks in NWS&DB

3/15/2019 10

":I'ransfer of Technical Know-How of the PC Tank

1. Training in Japan

2. On-the job training OJT
3. Demonstration — Air Dorm technology

4, Technical and construction manuals

" Trainingin Japan

Training on Design of PC tanks in Japan
4-12 Jun 2015




—

Training in Japan
Training on Construction of PC tanks in Japan
1-10 Dec 2015 Main Activities of the Training in Japan on

Design of PC Tanks ;

1. Discussion on Design Calculations
2. Discussion on Manual

3. Site visits

3/15/2019 14

“Following were Discussed ; “Following were agreed to include into the

1. Seismic analysis of the structure calculations and the Manual;

2. Reinforcement to withstand the temperature and moisture 1. Seismic analysis of the structure

ffects of the RC bers. : :
- Ty 2. Reinforcement to withstand the temperature and

3. Reinforcement to withstand the temperature and moisture

moisture effects of the RC members.
effects of the PC members.

2 Iholation cffecito the shiictire 3. Insolation effect to the structure

5. Stability against toppling . 4. Stability against toppling .
6. Calculation confirming the ability to resist Dynamic water 5. Calculation confirming the ability to resist dynamic

pressure and inertia. water pressure and inertia.

7. Complementary Comments required for the PC Manual
3/15/2019 15 3/15/2019 16




SITE VISITS ON PC TANKS

:3 : HEILONGJIANG
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* Central Japan(Aichi, | . . il
Shiga and Gifu . ' v
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Takamiya PC Tank —Fukuoka City-Fukuoka

Capacity; 2880 m 3 D O

Internal Diameter :17.6m

Shape of the Tank
Water Height:12.0m

*Structure was under construction

*Design & construction by ABBE Nikko for Fukuoka City Water
works Bureau

3/15/2019 20




The Structure under Construction

3/15/2019 21

3/15/2019

Form Work+ Arrangement of (Vertical Pre stressing bars+
Horizontal Pre-stressing Strands )

22

— Close up;
Form Work+ (Vertical Pre stressing bars+ Horizontal Pre-stressing
wires)Inside Sheaths

3/15/2019 23

- S
— Close up;
Tendon Arrangement at the Pilaster
Galvanized sheaths are clearly shown here.

3/15/2019

24
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lose up; Horizontal wire strand jutting out at the pilaster
Itis for applying pre stressing force .

3/15/2019 25

3/15/2019 26

Middle platform to support the Air dome Construction

3/15/2019 27

T
Z—

Saya PC Tank -Aisai City-Aichi Prefecture

3/15/2019 28
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3/15/2019 30

Heiwa Park Tower

Heiwa Park #
3/15/2019 1

S e

. Other Visited Places:

*Nabeya Ueno Purification Plant- City of Nagoya Water Works
& Sewerage Bureau

Capacity:290,000m3/day

*ABE Nikko Kogyo —Shiga Factory: Konan City —Shiga
Prefecture

For Railway Sleepers

*Kane Kogyo—Bronze valve factory-: Komaki City —Aichi
Prefecture

eAkashi Kaiko Bridge-Kobe City -Hyogo

3/15/2019 32




. %
' On-the job training OJT

Akashi Kaiko Bridge-Kobe City -Hyogo
longest central span of any suspension bridge
3/15/2019 in the world, 1,991 metres 3

I On-the job training OJT " Demonstration — Air Dorm technology

Experience at the roof-top




— S

Development of Manuals
» Technical information for planning and designing of

PC tank
Manual Ver.5 26t Oct 2016 /JPU

¢ Construction manual for PC tank
Manual Ver.6 11t July 2017 / RSC(WS)

37

Design Manual & Design calculations(Draft)

Construction Manual

3/15/2019 39

Thank You very much for your Kind Attention!!!

3/15/2019

40
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-

Details of Constructed PC Tanks ,Visited (Source ;ABBE Nikko)

3/15/2019 41




Air-Dome engineering

(Air membrane form engineering)

Blowing up of membrane - under construction

[ Propose of introducing the Air-come engineering }

v'Introduce the Air-dome engineerig to Sri Lanka.

v'Demonstrate the benefits of the method.

\ Results }

v'Air-dome engineering was introduced to Sri Lanka

v'The benefits of the method were demonstrated
v'Safe, speedy and reliable construction method.
v Eco-friendly
v'Improved durability.
v'Excellent Life Cycle Cost ’

Problems in Japan

The performance of the reinforced concrete dome
roof is depending on:

 Skilled workers such as
— formwork carpenters
— scaffold constructors

e It may be a problem when concrete covering on
the back of the dome runs short, the corrosion of
the rebar will cause deterioration such as
expansion.

Solutions (Improvement)

Air Dome construction method
The air dome construction method is an effective
solution for:

— Lack of skilled workers

— Securing safety by eliminating unsafe high altitude work,

It also:

» Improves durability of the dome roof
— Because the air film remains on the roof

e Maintenance and repair in the future
- become unnecessary

e and therefore, Economical.




More benefit about the AIR DOME Conventional method
construction method

Concrete

’ / Formwork
Spherical Dome ————_x/_/__ ’
e Air Dome does not need skilled workers. e =S
m) quality can easily secured. L S 2
\\ \.\ / L /7
3 ) ;
* it does not require formwork and support. wan /NN N
m) Itis economical K \ \ /1 suppor
/1 . ¢ /1
/ 5 _ffl /
* Work on the air membrane is very safe. y N y ay
’Jfgg&___ / '/ Base Slab
. : -7z 7
* Moreover, the construction period can be
shortened.
Air—Dome Engineering Air-Dome engineering

Flow for roof work with air dome engineering

Concrete

Mortar .
’ / Membrane Air Sett|ng mem bra ne
Spherictﬂ_l_)or_n_ o __{_____ ‘ ‘_3;:]_/' i
el =N R =N - y —
[ ' A = Pressure rising
N B
S %/r .\"/l}Alr 7 ( ¢ a
2 wa - Y Assemble metallic lath Bar assembling
] nd wel wire mesh
N j Z | and we dec‘il’ e mesh ) v
W Concrete placin
. , / I Scaffold f]  Scaffold Casting mortar shell pacing
. ontrol system X ) ¢
A ‘ B ) /1 % / :
e . Curing
7




Air-Dome engineering

Concrete

Inner pressure

Air control detection

system Membrane

E \#/ Exhaust
4 wall
Air supply | Inner scaffold
E% 2 b~ [siab | / P

Outer
scaffold

7 Shutoff valve |

Conventional method

Concrete Form

Dome roof

e

g"ﬁ’ U]

i wall (_ Support

Outer scaffold

% | Slab >jél:%

Air-Dome engineering

Setting membrane

Air-Dome engineering

Membrane Pressure rising

scaffold

Inner scaffold

scaffold

K

Air supply
~

- Shutoff valve




Air-Dome engineering Air-Dome engineering

[ Assemble metallic lath and welded wire mesh ]

Metal lath |

7 N\

Air-Dome engineering Air-Dome engineering

Casting mortar shell Bar assembling




Air-Dome engineering

Concrete placing

Air-Dome engineering

Curing

Air-Dome engineering

Completion

Advantages - Safety

Conventional method Air-Dome

No form work.
No dangerous work.




Advantages - Speedy

Ex) Volume=5000m3

Days
wroome )
Form disassembling  Scaffold assembling
Conenion! () —
method Curing -

Form assembling

Curing  Corrosion protection
bar arrangement

Advantages — Cost comparison

PC Tank(Udawalawa) PC Tank(Beruwala)

Concrete placing _—
Volume=2,000m? Volume=2,000m?
Height=6.4m Height=10.0m
Air-Dome :17days Diameter=20.0m Diameter=16.0m
Conventional method :50days Same Cost
Advantages - Eco-friendliness
Since the frame material is not used, industrial
wastes are not generated.
Air-Dome
Economical

Conventional method

24




Verification Survey with the Private Sector for Disseminating
Japanese Technologies for
Pre-stressed Concrete Tanks for
Water Supply and Sewage Treatment Systems in Sri Lanka

Impact of
Construction of 2000m3 Capacity PC Tank at
Beruwala

Eng. Disna Pannila
Chief Engineer (Construction)
Regional Support Center (Western-South)

14t March 2019
Project Details
< Project Location : Beruwala
< Grant Amount : Rs. 108 Mn (from JICA)
< GOSL Fund : Rs. 65.0 Mn
< Capacity : 2,000 m?
< Coverage areas : Beruwala & Aluthgama
% Date of Commencement :September 2015
< Date of Completion : March 2018




Coverage Area Under PC Tanka




Water Supply System
Before PC Tank

Kethhena WTP

Meenachchikanda
Beruwala Tower
Tower

£
Beruwala GR
[ ]

A PH —|
v [

Challengers Before PC Tank

No water/ Few Hours -
Supply to Bentota &

Beruwala Elevated areas

i 1

4= | Low Pressure

U
1

Less
Quantity




Water Supply System
After PC Tank

Kethhena WTP
Meenachchikanda

Beruwala Tower Tower
PC Tank

N

Beruwala GR 1

Under
Repair
+-> PH

AC Pipe

Positive Impacts of PC Tank

Social

214

Service Level No of

Improvement Beneficiaries
Beruwala 8,400
Aluthgama 16,800




Positive Impacts of PC Tank

Social

Supply Hour Improvement No of Hours

Beruwala —Flevated Areas 6 hrs to 9 hrs

. Aluthgama — Bentota Area 4 hrs to 8 hrs

Positive Impacts of PC Tank conad

Technical

Part of the system supply through gravity
* Energy saving

 Positive Suction

» Storage improvement — 1250m3 to 3250m?2

 Fulfill total demand from PC Tank and able to repair the

Beruwala Ground Reservoir

 Electricity Cost reduction — Rs. 400,000/= per month




Thank You




Animal Exchange of Sri Lanka
and Nagoya City, 2 elephants
had come to Nagoya Zoo in

2007 when | was a vice mayor.

First baby of the elephants in
Nagoya Zoo was born on 29th
June 2013.

Animal Exchange of Sri Lanka
and Nagoya City, 2 elephants
has come to Nagoya Zoo in

2007 when | was a vice mayor.

First baby of the elephants in
Nagoya Zoo was born on 29t
June 2013.

Ms. Delini
“I like the Japanese
cold weather and---

”

She is doing well and hard.

“LIFE OF WATER”
CHUBU FORUM, NAGOYA

N\
[\
_/

City of
Nagoya




“JLEE QF WATER”

£2
== CHUBUYORUM, NAGOYA

CHUBU means Central Japan

City of

Nagoya TOYOTA

QF WATER”

os” @ ORUM, NAGOYA

CHUBU means Central Japan

City of
Nagoya TOYOTA

: . “LIFE OF WATER”
®*  CHUBU FORUM, NAGOYA

Comprehensive Networks

|
<

Hokuriku
Xpressway .
Expressway Chuo Expressway

Nagoya Station Nagoya Airport

(domestic)

San-En

Nanshin

Expressway

Shin-Tomei
Expressway
Tomei Expressway
Chubu Central Tokaido
Shinkansen

International Airport

Linear (superconducting maglev)
Chuo Shinkansen, 500km/hours

will be open in 2027

 Tokyo

R4
Osaka Nagoya

50 minutes N
to Osaka - a 1 hour
g 35 minutes
to Tokyo

40 minutes o

to Kyoto y
a

: = “LIFE OF WATER”
®® CHUBU FORUM, NAGOYA

|
<

Automotive and Aerospace Industry Cluster

’ Fuel cell vehicle

Mitsubishi Regional Jet

H-II B rocket




&7 «LIFE OF WATER”
S

~

®* CHUBU FORUM, NAGOYA
Port of Nagoya No. 1 in cargo volume in Japan for the last 16 vears

*Throughput data other than those for
Cargo Volumes (t) the Port of Nagoya are provisional

[ ]

Automobiles awaiting export to

ABE NIKKO KOGYO

7= «LIFE OF WATER”

N
“e* ' CHUBU FORUM. NAGOYA

| BUSINESS PLATFORM |

Overview from south the world in Kinjo Pier
INTRODUCTION
&7 «LIFE OF WATER” &7 «LIFE OF WATER”
“e®  CHUBU FORUM, NAGOYA “e®  CHUBU FORUM, NAGOYA
| BUSINESS PLATFORM | | BUSINESS PLATFORM |
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‘- “ LIFE OF WATER™ Sustainable Water Circulation System

©*=  CHUBU FORUM, NAGOYA

“'
£

The Chance

of meeting to NWSDB
At 2010 SIWW
—Nagoya Water Project

Based on Chubu- ragiuw: g’
\ s oo

13

Points of NAGOYA WATER Project

Background of the Project

Japanese Study Team sponsored by JICA was
organized through the technical cooperation of
Nagoya City Waterworks & Sewerage Bureau.

May 2011 MOU on the feasibility study was exchanged
between Japanese Study Team and NWSDB
Start of feasibility study in Sri Lanka
Study Team conducted feasibility study with
2011 - 2012 assistance of Ministry and NWSDB
April 2012 Study Team submitted the proposal to NWSDB for

water supply in unserved 3 area in Sri Lanka

Points of NAGOYA WATER Project

Project Area

1. Jaltara — Phase I
(Kaduwela and Homagama DS Divisio

2.

2. Thaldena - Meegahakiula
(Meegahakiula and
Soranathota DS Divisions)

[ J
Badulla

3. Galauda Colombo
(Kandaketiya DS Division)

1. Jaltara

3. Galauda

Thaldena -
Meegahakiula

15

Aiming to develop water business, 100 Members

NIV WD

Development

ayoIuITa

¥ Purification Jl_°

institutions Water-related

entities [

System Systems
Water ;\‘ater Et'.'_ésas;ter | —
revention e
sial Supply Information A
Financial Systems Svsteme

Economic ,
organizations

fl Universities

Research
L institutes _
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"_ “ LIFE OF WATER
e*  CHUBU FORUM,

Strategy and Key Concept ‘

“'
£

Central JAPAN “Chubu-Brand”

Branding of various know-how
related to “ Water-business and Manufacturing”

Financia

Selling

+ Each product and technic
[ Package of products &technics |
- System(not available for SMEs)

Secretariat
Nagoya research institute of WA-Links
For Future Development

T2
E S

“LIFE OF WATER”

CHUBU FORUM
Water Su pp|y OR RESOURCES dam

HIDA R.

Started in

Served population

Coverage

Daily consumption

Non Revenue Water

EEN Inuyama
- i
S Kiso River
Kasugai
1)
()
1914 Nabeyaueno
2.4 mil. e® ©°
°
100% (]
B Intake
3
760,000m M Purification Plant @ ® o
6.2% @ Distribution Plant

Data of 2015

@ Pump Station

17 18
ration = ‘\"_}‘ -
. i .3 = “LIFE OF WATER”
-_— ——— Te® CH_UBU FORUM,
hnology st
[Fetie i Sewage Works o A
[ow cof Started In 1912
Served Population 99.3%
Sewage Treatment Plant 15
A Sludge Treatment Plant 3
leno W Pump Station(Rainwater) 52
wwrowvidin : K
aking w Sewer Pipe 7,830km Meijo STP Horidome STP
= - -
Tsuyuhashi STP Narumi STP
15 STP
[} . 3 Sludge treatment Plant
() 52 Pump Station
- - 19 Sorami Sludge Recycling Center . 20




&A77= “LIFE OF WATER”
S =

®®=  CHUBU FORUM, NAGOYA

Sewage Works of NAGOYA

Renovation of Tsuyuhashi STP

OLD 1933~
Conventional
Activated sludge
Process
-120,000 m?¥/day

NEW 2017~
Anaerobic-
Anoxic-Aerobic
Process (A,0)
-80,000 m¥day

The park is the “eye stop”
Main Building along Nakagawa Canal.

The Park on the top of roof ‘

-

&
-

i LIFE OF WATER”
®®=  CHUBU FORUM, NAGOYA

Sewage Works of NAGOYA

Pumping
Station

Combined
Sewer
Grit-chamber

Renovation of Tsuyuhashi STP

N Control
Primary Room
Settling

Tank

Pumping
Station
Rapid Sand
Filtration
e

A0
2

- - Chlorination
Final Settling
Tank

| High Speed Rainwater Treatment |
Under Construction ‘
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PACKAGE FLOOD CONTROL PACKAGE
Pumping station NRW
WATER WORKS Sewer
Storage
Ej:rfication Countermeasure for COF
Distribution Information system
of rain and flow
Leak Checker
REHABITATION CONTROL Handy Terminal
Treatment plant SCADA
Sewer Non-revenue water PSv
Pumping station
SEWAGE WORKS -REUSE
- Water Meter PSV
Treatment Sludge
Sludge treatment Treated water
Heat
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The Advantages, PC Tank of ABE

e Less in construction cost
Concrete

» Shorter in construction period
» Less land required

Air

Timbering

e Technically superior than existing pc tank Air By Air

» Durable and no maintenance needed
PC Concrete

Air doom Concrete jon air doom
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Rail Ways Works

PC Sleeper

Roads Works

Sewage Works

POD

Sludge Digestion Tank

Other Products
In Sri-Lanka
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Sewage Works

POD

To Other Countries

Rail Ways Works

PC Sleeper]

Sludge Digestion Tank

Other Products
In Sri-Lanka

Roads Works
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Thank you for your attention




Technical Session
Introduction of the Design Manual of PC Tanks

1. Background of the Design and Construction of

Pre-stressed concrete (PC) tank

2. Theory Behind Pre-stressed concrete

3. Pre-stressing system, Materials and Equipment

4. Losses in Pre-stress

5. Structural Principles and considerations used
in calculation

6. Explanation on Design Platform

The principle of PC-tank

Stave

P hily

Compression

Tension
p o
Stave Q
Hoop
Barrel PC-tank

Stave - Concrete
Hoop —-> P S-tendon

Background of the Design and Construction
of Pre-stressed concrete (PC) tank

PC tanks have following advantages over conventional cast in-situ
reinforced concrete structures in water supply systems.

1. Generally PC tanks with capacity more than 3000m?3 are economical
with compared to reinforced concrete structures.(Proof shall be done
through a research).

2. The ring tensile force develop according to the depth of the liquid can be
counteracted with the applied pre-stress forces. Then the structure is
always in compression and no allowance for tension. Hence no cracks no
leakages.

3. No limitations for depth of the structure.

4, Required less land area.

5. Shorter construction period.

6. Durable and no maintenance is required.

7. It has proven resistance to earth quake and Tsunami situations.

8. Cylindrical tank is a convenient structure to contain liquid. It is a shell
structure and can carry greater loads with thin sections.

What is Reinforced Concrete?

Reinforced concrete:

* Concrete is strong in compression weak in tension.
* Steel in strong in tension

* Reinforced concrete uses concrete to resist compression

and to hold bars in position and uses steel to resist tension.
* Tensile strength of concrete is neglected (i.e. zero)

* R.C beams allows crack under service load.




What is Pre-Stressed Concrete?

Pre-stressed Concrete structure is different from Conventional Concrete Structure.

What is the difference?
In Pre-stressed Concrete structures initial load is applied prior to its use.
The Initial load or pre-stressed force is applied to enable the structure to counteract

the stresses arising during its service period.
That is internal stresses are induced to counteract external stresses.

Behavior of a Beam:

Under Normal Loading Under Pre stress Loading

What is Pre-Stressed Concrete?

Cross- Prestressing  Stress Stress Stress
Section Force from DL from LL Resulunt

* Stressin concrete when pre stressing is applied at the c.g of
the section

What is Pre-Stressed Concrete?

How to apply Pre-stress in Concrete structures

Pre-stress is introduced by stretching steel wire
and anchoring them against concrete.
Basically Pre-stressed is accomplished in three
ways.
*Pre tensioned
ePost tensioned
i. Bonded
ii. Un-boded




Pre—tension

Post—tension

How to apply Pre-stress in Concrete structures

Pre Tensioning: Method of pre-stressing concrete, in which tendons
are tensioned before the concrete is placed.
The operation is 4 step process

1. Anchoring the tendons against the end abutments
Placing of jacks

Applying tension to the tendon

Casting of concrete

4, Cutting the tendons

N

Pre —Stressed by Pre- Tensioning

Casting Bed

How to apply Pre-stress in Concrete structures

Post Tensioning: Method of pre-stressing concrete in which tendons are
tensioning after the concrete has placed. The operation commonly has 7
steps process.

1. Casting of concrete incorporating Sheaths to insert tendons

2. Placement of tendons

3. Placement of anchor block and jacks

4. Applying tension to the tendon

5. Seating of wedges

6. Cutting the tendon

7. Grouting

In un-bonded post tensioning each individual tendon (or strand) has a
permanent freedom of movement relative to the concrete. However in
bonded concrete the Tendon (or strand) is grouted and fixed.

For this design Post tensioned bonded method is used for pre stressing.




How to apply Pre-stress in Concrete structures

Bonded Post tensioning System

How to apply Pre-stress in Concrete structures

Un — Bonded Post Tensioning system

Pre- Stressing System-Wires,Strands,Tendons ....

Wires: Pre-stressing wire is a single unit made of Steel.

Strands: A few wires are spun together in a helical form to form a prestressing strand.
Tendons: A group of strands or wires are placed together to form a pre-stressing tendon.
Cables: A group of tendons form a pre-stressing cable.

Bars: A tendon can be made up of a single steel bar.

Strands

Bars Pre stressing wires strands and Bars

Pre- Stressing System-Wires,Strands,Tendons ....

Wire strands and Bars Used tor Pre and post lensioning

e Wire rope
G components
M"- — strand wire rope




Pre- Stressing System-Wires,Strands,Tendons ....

Cross Section of a Typical Tendon

Post Tensioning -Sheath /Duct

In post-tensioning systems, the ducts for the tendons
(or strands) are placed along with the reinforcement
before the casting of concrete. The tendons are placed
in the ducts after the casting of concrete. The duct
prevents contact between concrete and the tendons
during the tensioning operation.

Sheath Arrangement in a PC Tank

Post Tensioning -Strand Pusher Machine

PC strand pusher machine is a equipment used
for pushing PC strand through into metal
duct(or hdpe plastic ducts) in PC Structures.

It is used for pushing through 15.24mm,
12.7mm, 12.5mm, 15.7mm PC strand.

There are various pushing capacities(distance):
60m machine, 100m machine, 150m machine
and 210 machine.

Jacks and pumps used for Post Tensioning

Mono Strand Jack Multi Strand Jack




Jacks and pumps used for Post Tensioning

Hydraulic Jack and Pump

Pre Tensioning —Anchoring Devices

In pre-tensioned members, the tendons are to be held in tension during the casting
and hardening of concrete.

The anchor holds the strands until after the concrete has gained sufficient strength;
the strands are then released, transferring the prestressing force to the concrete.

In Pre tensioning simple and cheap quick-release grips are generally adopted.

Pre Tensioning Anchoring System

Chuck Assembly for Anchoring Tendons
Reference:Lin, T.Y. and Burns,N.H.

Post Tensioning —Anchoring Devices

In post-tensioned members the anchoring devices transfer the pre-stress to
the concrete.

The devices are based on the following principles of anchoring the tendons.

1) Wedge action

2) Direct bearing

3) Looping the wires Wedge action

The anchoring device based on wedge action consists of an anchorage block
and wedges. The strands are held by frictional grip of the wedges in the
anchorage block.

Some examples of systems based on the wedge-action are Freyssinet, Gifford-
Udall, Anderson and Magnel-Blaton anchorages.

Post Tensioning System at the Jacking End of the Strand

Strands Bars

Anchorage Assembly at the Jacking End




Post Tensioning System at the Jacking End of the Strand

How are strands Anchord

Post Tensioning —Grouting machines

Bonded tendons, installed in ducts or voids within the concrete, must be
grouted for protection after tensioning.

The grouting of tendons tensioned to 80,000 psi or more is a demanding job
that requires special skills and materials.

Grouts to be pumped into tendon ducts must have special characteristics to
match the particular needs of this application.

Post Tensioning —Grouting machines

Grouting Machine

Grouting Tube Arrangement at the Site

Losses in Pre-Stress

Pre- stress does not remain constant with time.
Reduction of pre stress is nothing but the loss in pre- stress
Loss of pre —stress is classified into two types
(i)Short term or immediate losses
Immediate losses occur during pre- stressing of tendons and
transfer of pre stress to concrete member
eElastic shortening (deformation)of concrete
eFriction between tendon and tendon duct and wobble effect
¢ Slip at anchorages (Anchor setting length) immediately after
pre stressing
(ii)Long term or Time Dependent losses
Time dependent losses occur during service life of structure
*Creep and shrinkage of concrete
eRelaxation of Pre-Stressing Steel




Losses in Pre-Stress

Loss Due to Elastic Shortening

Pre-Stress Force variation due to Elastic Shortening of Concrete

Losses in Pre-Stress

Calculation of Pre stress Loss due to Elastic Shortening of Concrete

_1
Ao, —Enﬂrcpg

where,

A g, isthetensile stresslosses of atendons due to elastic deformation of concrete (N/mm?);
n isthe modulus of elasticity ratio, (E,/ E);

E, isthe modulus of elasticity of pre-stressing steef (kN/mm?);

E. isthe modulus of elasticity of concrete at the time of tensioning (kN/mm?);

0pg S the tensioning-induced stress of concrete at tendon centroid (N/mm?).

Losses in Pre-Stress

Loss due to Friction between tendon and tendon duct and
wobble effect:

Loss due to friction is a function of

¢ Curvature friction coefficient

¢ Angular change over length of strand

¢ Wobble friction coefficient

¢ Length from jack to point of interest

Losses in Pre-Stress

Calculation of Pre-stress Loss Due to Friction between tendon and
tendon duct and wobble effect

Thetensile force of the tendon at the design cross section incorporating the effect of friction between the tendon
and the sheath can be expressed by the equation given below.

P, =P E—(mymm)

where, Py isthetensileforce of tendon in the design cross section;
P; isthetensile force of tendon at the jack position;
u isthefriction coefficient per radian of angular change (Table-3.3);
o isthe angular change (radian);
K isthe friction coefficient per unit length of tendon (Table-3.3);
| isthe length from the tension end of tendon to the design cross section

Type of tendon  (Urad) K (1/m)
Wires and wire strands 0.30 0.004
Bars 0.30. 0.004

* For details, refer to BS3100-1:1997 4.9.4.3

N




Losses in Pre-Stress

Pre- Stress Loss Anchorage Draw-in(Setting Length)

A pre- Stressing tendon may undergo a small contraction during the process of

transferring the tensioning force from jack to the anchorage and this is known as
anchorage draw-in

During the tensioning process Pre-stress force varies along the length of the pre-
stress member and it is illustrated by the curve ABC and it is based on the
equation; P =P BB_(’uerKm)

During Anchorage Draw-in, over the length

ABC the tendon is relaxed and it tends to
— move to the opposite direction to the
original direction moved during tensioning.

It is assumed that regardless of the direction that the tendon moves , Pre-stress
force variation along the the pre- Stress member follows the same equation above
and follows curve DB ;Mirror image of curve AB. It is also assumed beyond the point
B the force in the tendon is unaffected by the Draw-in.

Hence the vertical ordinate AD represents the loss of Pre-Stress Force APa due to

Draw-in. 33

Losses in Pre-Stress

Loss Due to Anchorage Setting Length(Draw- in ):

Anchorage System Anchorage Slip (As)
Freyssinet system
12 - 5mm @ strands 4 mm
12 - 8mm @ strands 6 mm
Magnel system 8 mm
Dywidag system 1 mm

(Reference: Rajagopalan, N., Prestressed Concrete)

Losses in Pre-Stress

Loss due to Relaxation:

Equations are there to quantify the loss

Loss due to Shrinkage, Creep

Structural Principles and Considerations used in Calculation

Most structures consist of arrangements of beams and columns.

In structural analysis these elements; beams and columns are treated as lines with
certain cross section. They are categorized as linear or one dimensional elements.
At the other end of the spectrum of structural elements we have three
dimensional elements.

In between these two extremes class of structures known as two dimensional
surface structures lie

Load path of the surface structures is along the surface. Eg; Plates and shells.

shell

Shell is defined as a curved surface structure.




Membrane Theory of shells

The membrane theory is used extensively in designing structures such as flat
bottom tanks, pressure vessel components and domed roofs.

The membrane theory assumes that equilibrium in the shell is achieved by
having the in plane membrane force resist all applied loads without any bending
moments.

The theory gives accurate results as long as applied loads are distributed over a
large area of the shell such as pressure and wind loads.

The basic assumptions made in deriving the membrane theory are.

eThe shell is homogeneous and isotropic

*The thickness of the shell is small compared to its radius of curvature

*The bending strains are negligible and only strains in the middle surfaces are
considered.

*The deflection of the shell due to applied loads is small.

At locations where the deflection is restricted or there is a change in geometry
such as cylindrical =Spherical shell junction the membrane theory is inadequate
to maintain deflection and rotation compatibility between the shells.

At these locations restraining forces are developed which result in bending and
shear stresses in shell.

Membrane Theory for Dome Roof

Basis Structural Formulae for Dome Roof :

The location of any point on the dome can be given by the intersection of a
meridian and a parallel as shown in the figure below. The meridian is defined by
the angle 0 of its plane from some designated datum plane. The parallel is
defined by the angle ¢ that the shell normal makes with the shell axis

Following equations have been derived by applying the boundary
conditions of a dome to the general equations of shell element.
Ngq=r*q/(1+Cos@d)
Noq=r*q(Cos®d-1/(1+Cos®d))

Types of Loads Applied on Dome Roof

a) Dead weight b) Live load

Pre- Stressing Force in Dome Ring

At location where the roof dome is connected to the vertical
cylindrical tank the membrane theory is inadequate to
maintain deflection and rotation compatibility between the
shells. At this location to deal with incompatible forces a pre-
stressed dome ring is introduced. The pre-stressed force is
applied to counteract the incompatible forces at this point.

Pre-stressing force to be
applied to dome ring :

Fd:HtIZ-ISZ—d




Membrane Theory for Cylindrical Shell Structures

Cylindrical tank wall is a shell structure with a curved surface

Consider a cylindrical shell under water pressure;

For a cylinder to qualify as a thin walled the ratio of radius to thickness; That is r/t 210.
Thin walled cylinders are used as boiler shells, pressure tanks, pipes and in other low
pressure processing equipment.

In general three types of membrane stresses are developed in pressure cylinders viz.
circumferential or hoop stress, longitudinal stress in closed end cylinders and radial
stresses. These stresses are demonstrated in followingfigures.

Membrane Theory for Cylindrical Shell Structures

g -

o
(a) Circumferential stress (b) Longitudinal stress
117
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(c) Radial stress

Basic Structural formulae for membrane forces in a cylindrical Tank:

Since the water tank is not an enclosed pressure vessel ,there is no
longitudinal stress.

Force diagram for induced Circumferential Stress due to applied
internal water pressure is depicted in following figures.

N¢ - Circumferential stress
P - Radial Pressure

NQ® = Pr

Cylindrical Water tank

Stress Strain Relationship in Cylindrical Tank

The wall of cylindrical shell is pushed toward outside and increased in length,
when the water pressure is acting to cylindrical shell. When the radial
displacement at a distance £ from the top end is assumed to w, the
circumferential length is calculated as follows:

277(R + W) =2mR+ 2l

The circumferential length stretch 2w from the original length 2nR due to
water pressure. Dividing it by the original length, the strain is obtained.

E=2m/27TR=w/R
Due to Hooke’ s law,

o=El¢

where, o is the stress;




Stress Strain Relationship in Cylindrical Tank

E is the modulus of elasticity. When the axial force NO is acting,
the stress is calculated as follow.

0=N,/A=N,/t

where, A is the cross-section area per unit length = 1.0 X t (m2);
t is the thickness (m).
Therefore,

N, =EltIw/R

@

This equation is one of the most important relationship on the
cylindrical shell stress problems.

Bending Moment and Other Induced
Sectional Forces in Thin cylindrical Shells

At locations where the deflection is restricted or
there is a change in geometry such as cylindrical to
spherical shell junction the membrane theory is
inadequate to maintain deflection and rotation
compatibility between the shells. At these locations
restraining forces are developed which result in
bending and shear stresses in shell.

Many structures such as storage tanks, pressure
vessels are designed as per the membrane theory
and total stresses at discontinuities are determined
from the membrane and bending theories.

Basic Structural formulae for Bending moment
and Other induced Forces in Cylindrical Tank Wall

Force Diagram -Cylindrical Shell Element

where, Nx is the vertical axial force;

No is the circumferential axial force;

Mx is the vertical bending moment;

Md is the circumferential bending moment;

Nx¢. Nox is the in-plane shear forces;

Mxd. Mdx is the torsional moments;

Qx. Qo is the out-of-plane shear forces;

X. Y. Z is the external forces in x, y, and z directions, respectively.

When dealing with axisymmetric loads, Nx¢ = Nox = Mxp = Mdx=Qdp =0

Basic Structural formulae for Bending moment
and Other induced Forces in Cylindrical Tank Wall

From the equilibrium of member forces shown in above Figure
the basic equation is expressed as follows:

4
d w. Z
X 4+ 4:34W = equation (1)
4 XK
dx

where,
wx is the radial displacement (The solution is determined by Equation (3.);
x is the distance from wall bottom; £
B is the characteristic value of tank wall [: 4R2EK]

E is the modulus of elasticity;

t is the wall thickness;

R is the radius; 5

K is the flexural rigidity (: E 5 ] ;
. . ), . 121-v7)

v is Poisson’s ratio.




Basic Structural formulae for Bending moment
and Other induced Forces in Cylindrical Tank Wall

Also,

d?w, dw, Elt

M, =-K v Q. =-K e N,I,:——DNX ------- equation (2)
X

The solution of Equation (2) is expressed by the following equation:

w, =C; singk(sinhBk+C, sinSk[coshfx+C; cospIsinhfx+C, cogBx[coshB+ f (X)
------- equation (3)
where,

C1 to C4 is the integration constants determined from the boundary conditions of the
cylinder end;

f(x) is the particular solution of Equation (1).

The above formula is derived considering the support condition at the wall bottom is
fixed.

Basic Structural formulae for Bending moment
and Other induced Forces in Cylindrical Tank Wall

For solving the equation (1) above following equivalent
support and loading conditions are considered.

Loads to be Considered for Cylindrical Tank Wall

Dread weight Live load
| R EEan
! ¢ (
v ¥
. | |
Hychrumta b pressurs Prasira

Load Combinations to be Considered in Cylindrical Tank wall

Empty Full

Dead weight

Live load

Hydrostatic pressure

Prestress

Induced Stresses in Cylindrical tank wall

Circumferential hoop tension and vertical bending moment is
generated in the cylindrical direction of the wall by hydrostatic
pressure as the Figure shown below.

a) Circumferential hoop ren.&lion b} Vertical bending moment




Horizontal Pre- Stress Force

Therefore, in order to counteract hoop tension, pre-stress in
the circumferential direction should be introduced necessarily.
Generally, "sum of the equivalent force to hydrostatic pressure
and residual compressive force" are given as shown in Figure
below.

Horizontal Pre- Stress Force

Special geometrical Feature of Circular PC Tanks to Introduce Pre Stress Force.

Pilaster

Pilaster (anchorage pillar) for anchoring the circumferential tendons should
be placed at equal intervals and the number is four or more even number.
Because the pre-stress is not constant in the circumferential direction by the
various losses, it should be anchored alternately on the adjacent tier as
shown in Figure below, so that pre-stress is as uniform as possible

\ Necemary space
Digtance from edge \ § forpresiresmg

to mchoesge device

Circular curve ™

\Cover

lllustration of Pilaster locations and tendon arrangements

Horizontal Pre- Stress Force

Since structure of the anchorage equipment is vary from the anchorage
method, the manual of each anchorage method should be referred when the
pilaster is determining. The width of pilaster is generally about 1.0 to 2.0m,
and it is necessary to be secured that ensuring of the cover of the sheath and
not extremely-bending of the PC tendon at point where changes from the
curved portion to the straight portion.

Shape of the Pilaster

Horizontal Pre- Stress Force

Since the loss of pre-stress increases depend on the distance from the tension
end the loss of pre-stress at a position far from the tension end becomes large
in the case of the tendon length is long. Also, since the elongation is larger in
proportion to the length of tendon at tensioning state, replacement work of
the tension jack is required if the jack strokes are not enough. Thus, the pilaster
number should be determined in accordance with the diameter of the tank.
The reference number for the single strand system which had been obtained
from Japanese practice is shown in Table below.

Number of pilaster for single strand system

Number of plster

4




Vertical pre-stress Explanation on Design Platform

Vertical pre-stress is introduced to counteract the vertical tensile force
generated by the circumferential pre-stress at empty water state

Vertical pre-stressing bar is placed inside the sheath before concreting the

wall and grout them after tensioning. Design Platform of the Beruwala PC Tank is Permissible stress design.

More commonly called Allowable Stress Design-ASD, working Stress
Method —WSM or Elastic Design.

However Ultimate Stress Design is Adopted in BS Codes

Ultimate Stress Design is also known as Limit State Design, In USA,

Load and Resistance Factor Design(LRFD), Limit State Method(LSM)
or Plastic Design

Vertical sheath to insert

Vertical Pre-Stressing bar

What is Permissible Stress Design? What is Ultimate Stress Design?

Permissible stress design is a design philosophy used by civil engineers. The permissible stress design approach has generally been replaced internationally by

In Permissible Stress Design, the design strength is calculated such that the Ultimate Stress Design except for some isolated cases.

stress in material is restrained to its yield limit,(That is the stresses developed in a structure

due to service loads do not exceed the elastic limit) under which the material follows In Limit State Design, as the name suggests, the stress in material is allowed to go beyond
Hooke's law, and hence the term "elastic" is used. This limit is usually determined by the yield limit and enter into the plastic zone to reach ultimate strength. Hence the
ensuring that stresses remain within the limits through the use of factors of safety. "moment-rotation" capacity of beam, for example, is utilized making the design more
This method yields to uneconomical design of simple beam, or other structural elements economical. However, due to the utilization of the non-linear zone this method involves
where the design governing criteria is stress (static). However, in case of shift of governing arduous calculation.

criteria to other factors such as fatigue stress, both the methods will give similar design. Also,
WSM substantially reduces the calculation efforts.
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Stress —Strain Diagram in Ultimate Stress Design
Stress Strain Diagram in Permissible Stress Design




Explanation on Design Platform

General Differences in two methods are stated below:

1) Serviceability check in case of LSM is required because after the elastic region
strain is higher, which results in more deformation, hence a check is necessary.

2) WSM follows linear stress-strain behaviour of both the materials whereas; LSM
follows linear strain relationship but not linear stress relationship (one of the major
difference between the two methods of design).

3) LSM is strain based method whereas WSM is stress based method.
4) LSM is non-deterministic method whereas WSM is deterministic approach.
5) Partial safety factor is used in LSM whereas Safety factor is used in WSM.

6) Characteristic values (derived from probabilistic approach) are used in case of
LSM whereas Average or statistic values are used in WSM.

7) In WSM dead and live loads are treated equally, i.e. the factor of safety would be
same irrespective of the type of load(dead or live). However LSM recognizes the
inherent unpredictability of loads and assigns different factor of safety to different
loads.

Explanation on Design Platform

Important ;
In design one or the other of the design
philosophies shall be selected.

You cannot switch between the two
philosophies in a given Design!
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1. BREHSREY 52 3FEaR—X v bOWE

(1) FEDOE =

20134RICA U Z U N THEME LTAVEE O ERE & RENC T 8522 K EE I &
TAHPCH 7 B R DT ODRIMAGIA ] DR, FIEO FAGEE &IZHT DAL, Yt

(ABE) DPCH > DEA « Wk A3, [RIE D _FAGES MAZH )25 AREMERIZER#R L 9 5 2 & A3
BN o, Ei2. FiEZ U T, SH%ABENFEE THEAREIT A2, EFKEA
#£ (NWSDB) 73PC# > 7 % [RlIEOFEAER el kit & U CERRAT 2 ERH D Z ENRH LML 7
S72, NWSDB» 5%, ABEDPCH > 7 gt « fiti THAiT 2 FEBRICHERS U 7= b CREMERD K & LT
BHTEX 0 E ) et Lz E OBELE A5 1T T2,

ZDX ORI EAEE 2 FETHEEICABEDOPCHK v 7 ek L ERMS 2 F5r+ 52 L b
2. PCH v 7 DEFERRCABED ] - i TITAR AT I HOWTTELV A FL— a3 v L, ERE
EEZXDLZ LA HE LT, AEEFET HIZEST,

(2) FEORE

AFEOHME, BKEE 2,000m’ BUAED PC X 27 % A T 2 HER—LVY ZHICERT 5 2
Llizk, _—LUF (Beruwala) &7 /L hH~ (Aluthgama) H#kiZ3517 5 NWSDB O#G/KAE
Nzt L, ZOHIROEINT 2 KTFEOFTRRIZERT 2D TH D, IHIT, ZD X9 kK
RFHDILKR L IKTE OB LV . GO - ATRREE DM L& Wolo A X7 F Y
HIZLVRAETDHZ RSN,

Nz TARFHETIE, NWSDB & 4L[FT, PCH 2 7%kt « Bx 24TV, HERFE L2 B+ 5 2 &
IZX 0. NWSDB7S, PCH > 7 OFRIZOWTHEE L, PCH > 7 3%GT - fii LIZHR 5 ABEDEL
Wiz g D LR D L EHIR LTS, £-Z2DREH. NWSDB2Y, PCH 7 %A
Z A OERERKLE U CERAT 5 Z iR S,

£ 1 FEOBE
S 2 Z o7 Bt A
PR oK i TKOFHE, - IKALER
FEFE UM REFRIEES National Water Supply and Drainage Board (NWSDB) [EZ |
YIS/
ZiElE  (¥—5v | NWSDBH&E
k7 —>7) AV T 2 T DAFE/KHUROFER,
FERI ] 20144E12H ~20174E3 7 (2444 A)
T 99,904
WhI1AF— L WK« FEREFZE
HEAR AU Z BT DB EAGES R OR EICET H7-0I12, xf5H
WUz BN TEERE N2 T AN D 8 5 =7 — R — L TikE%
FHWZPC % 7 OG- B% - MERFEBRZATV, RIS, - 3%
WA FNER OB Z DWW T SEREETT 9,
[FIRFZ, KRGIEFIZ 361 2 PCEST « PCHRYH D K ITE KR O D
AR Z DUV TR - iRt L. NWSDBA B0 S [FIENTO HA




DODAFZEN ONZ DM _E FAKEFZE~DPCH > 7 DEANIZDR

T 5,
WS a%h % R, =7 — R—LATIEZHWEPCH v 7 ik S, Bl
K AT MBI APCH o 7 DA Pt K OB 23,
HEb,

2. =7 — R—ATEEAWPCH 7 OFkEE « ek -
HEFFS BRI 2 2 U 5 o D BURE Ok - B s
RED,

RH 3. =7 — =LA T3EEHW-PCH > 7 73, NWSDBIZ
KoTRAY Z U OFEMERRKALE L TERD AfvHi
A

4. AU ZUANICBIT D=7 — F—ATi5% FVW=PC
2 O RRBARENRE S D,

BREASREIEOXMR L > TNDDIL, TARTHFENE IS, KRN 27— RF—241
ExEFWT-PCH 7 R (b AIREICTH D, 708, M2 ~4IHITBIREEN CTH 5,

2. NBRHROBRELIR OR=DRI

1) @Y A R OFEARM

KEHETPCH 7 HERT D TVEDN— NI Z LTy MI~IiE AU T A EEEIN L5
Z B D~_—LT ZER (Beruwala Divisional Secretariat Division)| A& T 5, [RIERIZIZN—L D Z T
vy b A=, 23 —AT (Payagala) &I 3ODOHUENGH Y . ARIOITEA D D, HEE. A
M, IR0 TH5!, X1 &K 2 1 XFRERO R & Bl A~

#£ 2 RN—)LUIZEROME (2012 4F)

[ 7300 ~7 X —)L

NE| 161,881 N (B : 83,534 N, &1178,347
N)

AL 36,483

K372 513, [RIHBEKONWSDBIZ L 2 KEDE L 3RIT, BIERS3% THh D Z Ebnsd (N
THREANDKIER L UHHANOAKEZFE T L TS A ETe) . HFZEEH L WA IENE
44% ., HITHEAK AT — L2 L T A IEII3% TH D, 95%DIMHENEROUEZZ 1 T
%,

VHAR : RU U hRENS Y =7 YA b, http://sis.statistics.gov.Ik/statHtml/statHtml.do 201545 H 29 B 7 7 & &,



http://sis.statistics.gov.lk/statHtml/statHtml.do

IN—H Z DM
43 ;»mo_z%umui\/ 0.03%2

3%

EvRy—

) \/%wﬁm
%

0.04%[

#')x##ku:u
9%

X1 =AU IEORERIAR? X 2 ~_—AUZEROFERIAL
HYPT : Beruwala Divisional Secretariat ™7 =71 HiFT : Beruwala Divisional Secretariat D7 =791 k
RunL ERKX o ": "
b # mm (Qgulin
f)iﬂﬁﬁ Fl 3'y [ 0.3%8 Az /70/ Z O
%[0 270 sy
5% 5% ﬂ:l]\ /

BN TR
B okED
6%

bt DR
EAFD
13%[

3 8REbKE EDL HITAF LTS DY 4 BT 2> TV B H
AT : 2 5 DR = 75 Ak HFT . AU T BFEHS Y = 7 Ak

2) BV bR - HEEREE
PCH > DEFZRTEY A MINWSDB—/LU Z & HEHEANC L T\ 5, RV X EE
H Q0I5 HBIE) 1IKSEX6D L0 THD, FVA MRBIOHTIZIE, AREX, Uk
BEREXZEATELT, BEMOAR, FAMK, 2o aRKE e, Bt 2
B OLRHEXITRY \C, ESR %c:ﬁar%‘ﬁ“f\‘%aéﬁ IFEEET, SERR « DEEROEETE
720, RV A MOIERRE - KE - BEE - IREIORAER L 725 L DIFR0,
AKHEEDPC X /&@ T E R A MRS D 7260 R oD FHMIERIS S & O RSB 56 A4 LTz,
PRAEA DL IS J OV O R R AR FZE O IR D 201443 A IZNWSDB
IZX VS - SETHEATHD (RREET ),

2N —E AT o FNRA FY AN LB NOROUEIABIE ZFF - 7o Rk 2RI b O RIE,

3 REEHTT (protected well) (&= Y — R T Z[EOTHHF, R LATF Lid=r 7 ) — FTHY ZED TR
W, B O FRAGEITIERITHM L T2 b ORZNEE R BILD, HTRAKZF—20 LI1E NGO ERH
e, MHTBUNEE LT D IAKEAF—L, FFRODEKZAKIUTTD 2 L3Z0,



wply and Drainage Board

National Water Supply
& Drainage Board

Plan

5 BRI A FOEE Q0I545A) 6 BRI FRIVK
3. R v DBRBEASERHIE - ARk

() BRBEAHSREIC R D iEm oS
2 T TR, BEAEREICET DBCRIVEBA TH Y . £ OAE FOTRERET
(Central Environmental Authority: CEA) 23HUL & 72> TBURAEM STV D,

BRERIZET A EZ L~V OBURIL, 2003422l 7E S 417-National Environment Policy and Strategy
Th b, FIRHFRED PEHAES B EEC & HMahinda Chintana — Vision for the Future T %, BBz r
FESSEE LT B ENTWD, 201542 H OBHMERZR O, EZFH L~V OBRBIERIT £ 724

LHEN TRV, v==27 2 A FTE BARBRBEIRGEICRT 5, AROIEHCHIHIO®ET 2
TS 2 BEMEDSRFT S T D,

[AIE OB (The National Environmental Act, No. 47 of 1980) Tl, %7EZ# (Prescribed
project) (2D T EIA/IEE DGR E i LRNZFE T Tuvd, [RED 2000 48 A 18 HOBGET T
(T, ETFAKEFEICE L, #TKZ 500,000 m*/H 2L BB A T D3~ ToFEER L OVLEEA
500,000 m® / H %8 % 2 7K AEEf % (water treatment facility) 2 FEFH#£ L LTHELTEBY, Zhb
DIEFRIZHOWTIE, EIAIEE ORGREFF LB D D, AHEETHHRT 2 DIFHKITHY | H
TFIRD < Fr BT AR TFE A L7222 D ZHUTEE Y L7RVY,

[FETIE, EIA R° [EE DXL e BRNEIBIL Th, BEEHIHE, MBS KO HER A
1k, VBYEL IR B3, BRIEIAIC L0 BAEDHLE ST D, 33 IR LRI BP9 &
FEEDF 22T Tz,

BRI 132015 4 5 ABIFE, Ministry of Mahaweli Development and Environment &\ 5 4 #3Cdh 5,

10



£ 3 BRTHERICETINERIIGS. BE. RER EORELEDH]
HH <LV Hig iz

KEIGYS | Bk - | Mg/m? 24hrs-0.3

RE 8hrs-0.35

(SPM) 3hrs-0.45
1hr-0.5

Y (B | BT F UYL | 75 (day time: 06.00-21.00) | FUFHOD & B B OB R
AL 50 (night time (21.00-6.00) | PN CHIE
IKF) 6
YEHy 2T 5 Mm/sec. (Type 3) frequency: 10-50 HA T3 (BEOBERE

RLHFD | (PPV) (Continuous): 2.0 mmfsec. | AIZ & D T e —F

o2 ulihy BTH LR To
P=Eh T T Mm/sec. Single bore hole: 4.0 FROE) DOEEEY)IZ

RFOMEEE | (PPV) Multi bore hole with IRENDFCED N S

72 H= ) delay detonations: 5.0

SPM: Suspended particulate matter
PPV: Peak Particle Velocity

(2) BRRERS
CEA DX 2 LU IR T,

3 National Environmental (Ambient Air Quality) Regulations published in Gazette Notification No. 850/4 dated 25th October 1994

¢ National Environmental (Noise Control) Regulations published in Gazette Notification No. 924/12 dated 21st May 1996

7 Interim standard by CEA, P71, Environmental Guidelines for SMEs in Sri Lanka, Ministry of Finance & Planning Sri Lanka,
2012.05
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() EBREEALSEUEICRET DAY 7 U O L JICADBREEAAEEN A KT A v D
BRBEHSEEIC BT D A Y T U DR & JICAOBREAEEEIE N A K74 o OEWZRI L, A
(BRI D EIA/IEED VB & FIMIEGS: « EEBERZ OV CLL FIZIR~ 5,

EIA/IEE(Z B4 2 [RIE D & JICAOBREAHSBLUENT A KT A L DENTOWT FRIZE &
7=, [FElDERELYL (The National Environmental Act, No. 47 of 1980) Ti, FFEFZ (Prescribed project)
IZDOWCIIEIAIEE DGR A fi LA ZEH T T D, [IED20004-8 H 18 H OUGT Tl kT
TR L, #UF7KA500,000 m*/ H LA R A 1T 59~ ToFEHETS L OMEREA500,000 m*/ H
ZefE x % KB ERiR% (water treatment facility) ZFFESHE L L THE L TEY . T D DERRIZOW
Tl EIAMEEDKRAGF o NEDN B D, RFZETEGRT 2 DITRTKITH Y | #t FARD < A b
KA CALERI TR A L7\ oD ZHUTEES L7\,
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% AEIAIEE (23 2R Y 5ok DL JICA OBRBHAFRIEHA K4 L DFEN

HH JICABREEATAUE FEFEOEE JICABRBift2=
HA RFA (The National B & FHFE
Environmental Act, No. 47 | OyEMHEE OF
of 1980) Yo7
EIA/IEEZE | #7323V A 70y =7 MIOWTL | #FES2 (Prescribed HY
MEOMENE | EIA L~V T, 73U B 71 ¥ | project) (2Tl
DOHTAY | =7 MIOWTIX [EE L~UL T, « | EIAIEED&ZL % it TR
—blF AR =TT UIEOEAIL IEE X | [IEBAT 0D,
VT, BREEE BUESREAITV. B’ | [RVED20004E8 H 18 H D
FEfRFnR (g - Ml - RIS UET T, B FAKESEE
to) =XV 7 RUBRESE | ICBIL, #ITKE
EIEREIARH DR EAERRT D, 500,000 m* / H LA b3k b
EIAL-~L & T, FEMiIZeBIHERAICE | (T T X ToOFEEBID
S, B R BREFEOMR T | EREAY500,000 m?P /H &
B - B, FRFR, E=2 U 7R | B D KB (water
I OMEIHF A I 2 LI & treatment facility) % 5 & 3+
76 FELLTHIELTEY,
[EE) L~ &L, BEFT — 2 7 PHlE | 26 O@ERIZ oW T
IR ATFRIGEZ2IE®, MBI | 1. EIA/IBEOAGEZ 15
U7 2 BitiEIc S x R | 2RERH D,
=, BREREO T FHE, B
W, B=F Y T EHEORR A
fEd D L-ULE D,
AKEHED | BT TV —BIAHEY T H720, BIAIX | KFETERTHOIFHT | HY
EIA/IEED | %3 72< | IEEL-YLOFHE - GH# - | K THY . Hi KDL
WA =X Y U TIPNETH D, RO AL 3R
A L7222 9EIA L IEE
(O

FHHIEUS & (F RBARIC BT 2 [RIE DL & JICADBEASEUE T A KT A L OENI DN T
THRICE LI,
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* 5 MHEVG L ERBERICET IR Y 7 WDk L JICA OREMHREET A oA v DF

vy
HH JICABREEATlRE FRFEOVEA JICABREEAHlE
HARTA v (Land Acquisition Act) | &CFHFEOERE
DX x 7

FEBEET 7 a 7oy | RENMA HEN 2N HY
NEEWE~OMEDOTRHE | 42895 FED 20 Ho
IR G PEDR RIS
T D MHE DT
FHERR DR H PRSIk TR | TSk TR HY
BRI S ~DF v | W3 FRIEMN 720
NOT 4= ENT 4T Ho
DY AT I
FAFLBR S AT I WL FED 20 HY

4. REROHBHRE

2013 4RI A Y T U I THEE LI=ZMM b i EENCR T ARE 72 KEEEICE T 5 PC

27N DT DDAV FRA ) 12T, ABE @ PC Z > 7 DN DT 9IZ.

A T H TEBIC

PC %o/ R L, TOREFOEN 2T ' A FL—2 g LTUELWE W) B NWSDB
Foani, Bk - FEEEEOAFT—LAZIEHA LT, ThEEBRT, o, FAFEEOE
WZEOAIL LD A R ERET R, TRt L2727 747 V7 L FIETCNWSDB & & 6231
N®E % S L7z,

TP, BERTHEEOTHAAC LD BERATRER Y V7 ORENRE ST D b, Eh - FE
AEREOW NEFD LR TH S 1 (B CEFEFIRER X > 7 OREERGT L, BT 547 Ok
KRERA 3000m3 EF8E Lo, M T, REREMNE K - FEGEFRED BZEAR, A MNEED
HMELFR4DLBVRE L,
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By R 1,000 m* 3,000 m®
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L. ==X, HHBESIROL, 1S PTRENME, STH#I7ZR E 2RS35 L & bI,

R DOBROSA, Hiffr

WIS FIE e O A EEICHGEE LTz, ZOREE., NWSDB AHRE L UM S5HT & ek b,
B & R OERBIERIIHRET 20D, WO vt 2 4 EFmIc @R <EATEBY . 1
FERET LTSI &, IR O =—ARHALNTH D | RSB THD Z E0b, X
—NUTENA vy NFaYy OV A MOFE—EMiE LT2013 412 AIGRE L, ERE
#ix & A Z DWW T, R FEFEFEITIRESEL RN T 5 £ ToMM, ERBEE & G o
PIZONWTE=H Y VT EITO, WINGE T L2 L 2GR L, YA i TEs LT

RE LT,
£ 7 NMvy MNEEFEMHOT s — )X b
{EEA NR—)L T Z 7 b =¥ H NEAVZ=v4 < ko~
ST Rl au RN HE an RN = N NANYSY ) aa RN BH]
52km, JEECBDENS | 35km, [ERRzEk | S2km, PNFEEBOE | 55km, PFEERO
A T HTHR I, <, e, T,
BiskHisk | A FEIRRZedkts KO | (B FEHh
IR X (T2 i
FHHIRAS | NWSDB FATICHE | BEfity MmOt | BS54 TS, oz
VT R AHORS | A, Zia  NWSDB BlZ%,
TaEANHIET | IGEETLHE, FEA
(HHfE 4D 3 ND [FEF. FRO%EE
) KOERAGEFD,
EEBER | 1 AT N, B | MEARL B2 L W7 L

Hnds L OB a4
IZIRIEHEHTHY |
7'a AR
HEATNDZ Ex

5. ERNS ORI
fEEXTES N

VY,
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(Bt _—)LTZ B F—Y% NeVa= ~ by~
BrKHEE | X7k, BEfFOE | SEOKE R C | SBOKE OFRREIEH | POKE O
REDIE | BKEICHERIL, 52 | &V 2014 RIZ5E | Alig, KEOERR | G/, XKED
FitE iz STERHT& KT IE, Z o 7IE5E | DDA v ROE | @EEROT=bIcA
%, BUE, KED | T IOERATE | &OfEZEERFT, | v ROBE&EDOH
HER T2 FEPT | D, AR,
HY 201443 ARK5E
BT ES
Z DAt BEORRBIZ L D56 | 28I, ¥ | SoKEORRENFA | FBIE T HENLE
KENBERICETE | v 7 omSHllRix 2Bt SN2 Thh VRS HE
D, ITH, RIS | 5.5m THY X 2 sERktE, | K, KE D=
DOFKIFMEHE, #rdl | 1,000m’ LLEOERE | LIED IEA SN | s R alchiss
PEoe bR LTy IXREE, 1,000m’ 72 | WRTREMED S B, S,
%o ERDBOMAK | ETEVARL—Y 2T SERAR
PEEROD BN E, aHELTA N LIEBLIERH S
7 N3G B DEER, AU NATREMEDS
KRG B FITH b5,
D, X7 ETOH
SR T ORI
UL
| @ HbF—FA |//*.
)
| O _"—nvU7 }/'.

X 7 /341y hEEGERHONERK

TEOLBY, BHRTEME L TRESNFEN—AY T CAEEL EET AR EATELFE
fitt LW RO IR 21TV ARFEOFHIZ LY | AR AR BRI OUE S JIAD . F8E
T D AIREMED & DL « R « BEEIL. BRI KORISRZ M5 Z L2k [REORE
LITICMA D Z LIS TE D 2 &b, FREENAFIE TH D5 &HMWr L7z,
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# 8 AFELEM LARVRL DI E

N—VDU F TR T D5

o e e SRS

TArh, RoBE, MRED. BREEAT
HATREMEN B 573, Bt T3H 7
TRAIR IS L OSSR A ENi 5 Z &
T, INSZFAEOKEL TICI
HZENTE D,

THR2NOT, EE, EE), BT
FEAE L7720,

RSV
DL+ AEIEEREE)

RAZACIRILASYGE L, Bl BRAk
SH, AGHIEEROATRERELOW
NS D,

SIGHIA~DORKITREE TH Y | Frbl
P b AR L T\ D, FEE2FEM L7
WE AR S & 72 2 B
BEN, FETHHIE I S R
RIABTo D, TORE, GHE:
EOEEERFEOF(LDOWRENN & 5,

= (ERB
s - FHHEEAS)

FHHIERSE L O o BB iin
%, ARFEZEOFERKENFED DRI
NWSDBIZ &L Y i « 5 THATH
%o AHEEOENIZ L HHT- 72
B - (EEBHRIIIEAE L2,

FAHEAS3S L O O BRI T
ARFEEDOFERAGTEHEY DRI
NWSDBIZ LV 5 « 52 THFATH D
7o, RFEHEZ TR LIRWGE T,
KD AT 720,

A a—b v 7B I UREHSREFHRDTOR

AR &Y | HRTEMIIREXFL2ZATE LT, JeERIE « DEEROEEM S FE LR
W, ERBIRLET LTRY, BisERN O OREIFE bV, BREEHASBUEICRE L, AFETHIC
EENLELR BT, THICLDBEEA~OZEOIETH D, FHI, BEE. IR Kl L UMW
AL HERE YR EORTEEMNE 2 DS T, ZIUTET DB PIER 21T O TE Th D,

(EEB R L FIHIBARZRE LTl AiNEO@E Y 5 TH A TH Y . MEEEN 2 E=2 ) 7 21T
DL LT D, Fo, THICHETIER L 2150720, BT ERMELDOER~DOHMAZT I,
AHHEFH I W TRE SN DB A MO FROA I — ' ZHEROEY) Th 5,

# 9 AEEZEORa—P LR

43| No. BEA TEHA | feGRF Al EE

B T | 548

51| REIGY% B- D TEq/ THEF - TREIIREN AT

S D AREMED B D

%f b - L,

K2 | KB D D T/ T8 - 56 . A THONK
M HKEGEZ G EE 289 Zedlk
SOMIKIIFEA L7220y,

3| BEEEW B- D TEq/ THEF - LRI TEROE]

ZAT 9 BRCREREAZR EORE) )
AT D,
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No.

B

TR

T

iENiE
it 54%

A

HEERE - R L,

Y

D

TEHql/ T - 50 . HHEYLHE
ETHEH 7T EFE - FETEH WD
FBIARTE SRV,

e - RE)

TER/TEH . THEPIIEENBET
BHAREMEMN B D, IREN DU TITIEMK
TR TN 72\ - O BB TR
TESHLR,

LB R L,

HARTE T

TR/ TET - fLEEF | Mo E %
KIFTTH - FETITARWZD T
TE IRV,

T/ THEH - gehE . TH - (G
PRICERITZA Lu,

TEqil/ TS - 450 . LW IE
T LD R TFELHEETIIRNTD,
AT SR,

R

TR/ Y - 58y . @5 TEs
K OZF DT ARGEX I T T2 D R
GV R A AN

10

TR/ TEY - LB ARERICEE
B RIFTLE - FHETIIRW A
TIARE S,

11

KG:

TR/ LY - b5 . K50k E
KOV DREBISI RS RT3 T

H o FETITRWZOREITES N
A4 AN

12

HE, HE

T/ TH - fE5HE  HUP - #IEIC
RO MIE Y T - HETII RV
FRTIRE SRy,

g e > B

13

(EdEvEZ D

TR/ T - fhER . (FRBIRITF
FIFNZTE T LCWDM, x5k 7e o7
1A & FIRESRAL 23 8 D FIREMEI LT
=G kAN

14

TR/ ILEY - b5 BREIC
B RAFTLE - FETIIRWE %Zé.“
VIARE S 720,

15

VEENR - SRR

TEHqi/ TEY - 50 - Gk e
FOVERDIL, DERIE - SeFERIBEOE
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No.

B

(EEdins
G4

A

FEHTIEZ < EDBEE - fER
TR % RAF 4 TE - FE TR
T ORI TRE SR,

16
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A3 % ATREMEI AR (2 & v FEi,
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A7 TR | HEADRLE FHEDER
fath—E
A
THBEREL( | Ty EOREST THEYA b | EE B T3 | FEE
By eas
)
Hilg LRI THYA & | EE B T3 | 9268
AT =7k | FEhid L OWRENE pIE-Siin THF3ENiRT | NWSDB HEH
IV — itk —1ml
[fH50F]
ERBE | RO | EE NWSDB | HE#
FRBEREA D=2 Y 77 4 —~ MILLTO®Y) Th-oT,
# 16 E=FV 7 T7x—<v b (RDE - BEE - I78)
Measured Measured
lem - N N Country’s Standards for | Referred | Measurement
Standards Contract Standard Point
(Mean) (Max)
SPM Mg/m? 24hrs-0.3 24hrs-0.3 CEA To be specified
8hrs-0.35 8hrs-0.35 | standard®
3hrs-0.45 3hrs-0.45
1hr-0.5 1hr-0.5
Dust Mg/m? 150 150 CEA | To be specified
standard
Noise Decibels 75 (day time: 75 (day time: CEA To be specified
06.00-21.00) 06.00-21.00) standard’
50 (night time 50  (night
(21.00-6.00) time  (21.00-
6.00)
Vibration Mm/s 5 5 GSMB!® | To be specified

SPM: Suspended particulate matter
PPV: Peak Particle Velocity

HHFT « Bl T3E 5003

# 16 E=FV T T7xr—<v | (BEEEY)

Monitoring Item

Monitoring Results during Report Period

8 National Environmental (Ambient Air Quality) Regulations published in Gazette Notification No. 850/4 dated 25th October 1994
9 National Environmental (Noise Control) Regulations published in Gazette Notification No. 924/12 dated 21st May 1996
10 e FRAIER)
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LIRIEAE T 3% LB OMERE STV TURN T &0, B THOFE TR 7= = &~ NWSDB
DRIMNAERDBI AN 2R o TD Z EDHIA LTz, AEIOTHTHRRROFRENIAT D RN H 5
72, RMEENRAE LG A hE T 2 REREZRE L UI LW EDBEERH -7, TOTDERNE S
B ERFEDAYN T U HEIFOT T 52 —r— MERITHS NWSDB & Bl T4 THh 5 KDAW
IZ & 0 Wi (stakeholders meeting) 23FHAE S 41, (R HIECHRIERIER % 3R D BTz, ZORER,
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FIEE N, EREY |, EEEED 2015 4510 A BRI 7=,
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LR AT o T, AEFEMERIL. HEE
DHAENTH -T2 Z 2R LT (R 19 . 15
W ERERN D OEEH LI T, R &
Lo T,

(EHECEAuR BAREROOEIRENH D | BIAMERN D OEER LT, BERREIX /20>
AREMED B D, 7o

BEEOf=A | THEPICAEEEGHEIIAET 5 | Bl T3S, SIS U CHIREA NIEHE

Y7 IR | FTREMHIRO RO OIZEE | BARRE LUV, ASEEERHIIIAE Lo T,

PF—ER RSB,

TR TR EIAEICHE U2y | B T3EE AN 5@ e 285192 15 220 TR
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VT IS,

L THEPOEEM O FPTH | B T35 10T, e RY ORE, 2728
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REWass U, MEIE Z [RIEE OB EmMER
MFEmX I LV ER LT L, ERIZOWTIIARSE
EORTIMEELY LT Z L 2R L TWND,

AT =7 A | THEPOBGCIEENCAT LT | it CEBIAARTD 2015429 A 25 BICAT—7 A4
X —lhat BOVSEAAROICE TE L | —Whasa Bl U, @t MEERTS KUK
THY, FLERLVEEDN | OREFZTLEORME AT Y 2— /U DWW
AT HAMREMER S, (2 | BFIL, BMRE AR WS, THEICBL, FER
RICTHICOWTHRA L, B | 22008 FH UL ORI o 7,

fik & 1% ok SR D
R

HioRd@y B, BE. BEOT B RENTH U IR 72, T, FOERN GO
T LSLC, PR R &b 2o 7212,

# 1908, By, BEo®E=F) VIR

Parameter Measured Value Contract Referred Remarks
HH HIEAE Standard FEUE(E &
Item Unit Mean Max Institute Value
1 | Air (PM10) Mg/m’ 58 CEA 100 | (24 hrs
average)
2 Noise Decibels 52 55 CEA 75
3 Vibration mm/s 0.15 0.26 GSMB 5

T 20154510 B-11 BOE=F 1 L 7 FER

THTHE U DEEDIIEUN B ST, T HBIAS P NWSDB 235 L7721 h 7 U T T A
DOBRZRA L= N OV, NWSDB 23 a5 B I AEROFEESLPTC CUEE L T\ b, £ D
fth, THICX2HE - FEEFREIEMIIEL TBL T, FERSOHT BIGHEN S OFEECRISIRE /R &
TRt

W e=& ) BT, MEEIZOVWT, SPM & Dust Z#5EHIF 25 CTho7-28, MIEICEE L, Hi TZEH I LOMIER
BE &t 5 2. RILFY A b TIRRRO/NS RBEBIIFRAE L2V, PMI0 2 IET S 2 & & Lz,

12 L, L, RED, BRE ORI R LR E W, EA A L R oR O [E O OVEEIE AT o T2, T ORER,
FWESEIC L 0 RAET DEE, IREh, BRSAERBIC S 2 280 FEOBRBIAEOEIIN TH VY . THFIMHH L0 D54
RGEPEY TH D 2 LR T X T, EBHERA~DE 7V o 7 TH ARV EA TR LT, DIRIIFREDIEEIT 2>
722 emb, FEHTIIRLFER~DET ) v a5 2 & L LT,
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1.  FHEYE - FRBEOLEM

ARHEED PC ¥ 27 BR TEMZHRT 570, A MO AT L OERBIR B E L,
RAEB DA, RIS KO 1 O RBIAIL, ANFZEOFERiATRAE D DD 2014 4 3
HAIZNWSDB (2 & D S « 52 THATH 5,

FHE S L ORI AE LTeDIE, I —F a =% 7T v & (Meechoniyawattha) &FHIIL5
X THD (M),

8 I—Fa=FVUyFHX

MHBAGORGR L eoTeDiE, TRTOLE@TRTEMITH 7z, FTRICENENOBE LR
R

# 20 FHEBEOXNRE o7 HH

ArEE | R i

ERI 18.6/3—F THID A, PrAEILYERE, BUROFIfEA TV,
(0.04707ha)

E=) 12733—F | BHEFERH - 7=, FESAN Odme T3 A) TEE
(0.03220ha)

2. MU - EEBERICD) D EEHIPSE A
1) FHEUS - (ERBHAZD DD AV T 2 T DL OREEL

AN Z A TIIAMEUGS I ORI AN AHTE (Land Acquisition Act) (Zih- T3
MBENDZ L Lo TnD, ERBIACEIL TE, (ERPARYZR BN EZIT T, BRI AR %
HETE A LY. EFFEEBIE# (National Involuntary Resettlement Policy) 723 2000 4R
HE S TWD, FFEHIARY >—& LTHIESN TR Y, sl /) PelEEN 2N 2D, 2
Zihis L7eWFEES H D, IEFETIERGHICE > T FERBIROFF4S R b s,
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7ok, FAHEBASRET, AHEBHIEIT 2 TH Y | (ERBIRICET 2 F R I v
7RV, MEANE, 1986 EICHGT SN TE Y . 2008 4RI THIRIZNGET S 4L, ZAUE 2009 45 1 H 3¢
ITOE#H (No.1585/7) IZX > TERfFENTWS, ZHuck v, BHoOMMERT, TR, b
L <ITAHIBAHZ L 5ET D MBS ERET L L Lol

FHEAS « (RSS2 FZAHRRIIL T O Y Th %,
(1) FAREAHIBED 2 ik f

. Ministry of Lands

. Road Development Authority

. Mahawelli Authority
(2) HHIEAS > vt 2 (2B 2 Rk

. Survey department of the Ministry of Land

. Valuation department of the Ministry of Finance

. Registration office of the Ministry of Land

d District Secretariats

o Divisional Secretariats

7B, EEEAITOAFNI 201545 ABETH Y . BITKICE W ETILRDZ LR D,

2) (EESBHRICH DD A Y T ok DIEHE « IS
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M RS hO AMERG - £ RBERICBEI 2 AR/ FIE
Social Environment Consideration - Land acquisition and resettlement

1) Relevant regulations

Land acquisition and resettlement processes in Sri Lanka are defined by the following relevant regulations:

(1) Land acquisition law (enactment year/amendment year)
. Land Acquisition Act, No. 9 (1950/1956)
This act stipulates general provisions for land acquisition procedures and makes no provision for involuntary
resettlement. The latest of its several amendments are the 1986 version and the Revised Regulations of 2008,
which were gazetted as No. 1585/7 in January 2009. It provides the basis for assessing the market value of land

or compensation necessitated by the acquisition of land.

(2) Land acquisition related laws

. Crown Lands Ordinance (1956/1960)

. Land Development (Amendment) Act, No. 9 (1995)

. Land Development (Amendment) Act, No. 20 (1996)

. A Reprint of the Land Development Ordinance (1935) (Chapter 464) as amended by Acts Nos.
60 of 1961 and 16 of 1969

. Temple Land Compensation Ordinance (publication year unknown)

(3) Environmental impact assessment law
. National Environmental Act, No. 47 (1980)

(4) Guideline (enactment year/amendment year)
*  Guidance for Implementing the Environmental impact Assessment Process, Central
Environmental Authority (1995), No. 1 - General Guide for Project Approving Agencies (PAA), No.
2 - General Guide for Conducting Environmental Scoping
*  Environmental Guidelines for Road and Rail Development in Sri Lanka, Central
Environmental Authority (1997)

(5) Policy (enactment year/amendment year)
. National Involuntary Resettlement Policy (2001)

Established not as an act but as a policy, and there are no provisions for its implementation.

2) Relevant organizations
(1) Organizations that acquire/require land (examples)
. Ministry of Agriculture and Lands
. Road Development Authority
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. Mahawelli Authority

(2) Relevant departments and agencies in charge of land acquisition

. Survey department of the Ministry of Land and Land Development
. Valuation department of the Ministry of Finance and Planning
i Registration office of the Ministry of Land and Land Development

3) Contents of the Policy and Calculation of Compensation

Based on the above-mentioned relevant laws, methods for calculating the amount of compensation and

payment method for compensation are defined as follows:

(1) Method for calculating the amount of compensation

-The land acquisition officer (acquiring officer) conducts an assessment to determine the amount of
compensation owed to landowners. To ensure fairness, the administrative agency cannot be involved in
this assessment. The list of landowners is determined at this stage.

-The compensation breakdown consists of the market price of the land or usufruct (right of easement
and right to collect) and other matters as necessary. Other matters may include three types of compensation:
(1) damages caused by the division of land, (ii) damages to real estate caused by other than the division of
land, and (iii) damage to business related to the land. The target is limited to changes in residence due to
land acquisition. For the amount of the compensation, (i) and (ii) are limited to less than 20% of the market
value of the land, and (iii) must be less than three times the average annual profit. (Sec. 46, Land
Acquisition Act, No. 9 (1950/1956))

(2) Method for payment of compensation

4)

- The business agency will make the compensation payment to the Ministry of Land in a lump sum, and
the Ministry of Land will pay each landowner.

- After the receipt of compensation, no objection will be permitted. (Sec. 37, Land Acquisition Act, No.
9 (1950/1956))

Contents of Livelihood Restoration

The following three elements of livelihood restoration are not mentioned in detail in the law listed under the

above-mentioned relevant regulations:

)
@)

©)

Support method and system for resettlement

Support for recovery of livelihood and production base: compensation for unemployment, low-interest
loan system, vocational training, job-placement, and others

Support for recovery and improvement of the standard of living: counseling, development of social

infrastructure, community support, and others

The National Involuntary Resettlement Policy (NIRP) states ‘that all efforts are made to minimize involuntary

resettlement in projects and where it is unavoidable, affected people are assisted to re-establish their livelihoods.’
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1. BACKGROUND

Currently, 48.1% of the population in Sri Lanka has access to piped water supply. “Cooperate
Plan 2016-2020” of the National Water Supply & Drainage Board (hereinafter referred to as
“NWSDB”) has set a target to expand the coverage of piped water supply to 60.0% of the
population by 2020.

The findings of the study team comprised by Abe Nikko Kogyo Co., Ltd. (hereinafter referred
to as “ABE”) for the “Study on Introduction and Dissemination of Pre-stressed Concrete Tanks
for Water Supply and Sewage Treatment System” (hereinafter referred to as “the Study”), which
was conducted from September 2013 to March 2014, summarized the issues and needs with
regard to the expansion of the water supply coverage of the country as follows:

(1) Development of rural water supply facility is very urgent in the country as there is a
pressing need for improving hygiene and health conditions in the rural area. Therefore,
speedy construction of water supply facility, including planning, designing and
construction, is very important.

(2) It is also urgent to upgrade urban water supply facility to meet the needs of increase in
population with modern lifestyle. However, finding a suitable land in urban areas to
construct a large capacity of water tanks (ground water reservoirs) is always a problem in
urban area, as land is scarce and expensive, and involuntary resettlement and land
acquisition often take a long time.

(3) NWSDB conducts construction and rehabilitation of large-scale water supply facilities
using foreign funds. Reduction of cost for construction of such facilities is important for
NWSDB to further improve financial status of the organization. Reduction of the cost for

maintenance and rehabilitation of such facilities is also crucial.

As a result of the Study, ABE became convinced that its PC tanks (pre-stressed water tanks)
will definitely contribute to solve the above-mentioned issues and fulfil the needs of the
NWSDB, as ABE’s PC tanks are extremely durable, require less land, economical and safe and
speedy in construction as described in “3 (1)” of this summary report. ABE also realized that, in
order to introduce and disseminate ABE’s PC tanks in the country, it is necessary to facilitate
NWSDB to understand more about the advantages of PC tanks and also to make them more
aware of ABE’s technology on designing and construction of PC tanks by actually constructing
a PC tank, so that NWSDB would make a policy decision to accept the PC tansk as standard
reservoirs of the country in future.

During the Study, NWSDB expressed their interest and understanding to the advantages of



ABE’s PC tanks and; therefore, wished to actually witness construction of an ABE’s PC tank
and its technology on the product. Consequently, ABE, together with NWSDB, had selected the
most suitable site for the construction of a PC tank, for pilot demonstration work, and further
conducted a basic feasibility study with technical and financial aspects. Beruwala in Kalutara
District of Western Province was selected for the site of the pilot demonstration work jointly by
ABE and NWSDB. NWSDB had completed involuntary resettlement and land acquisition of the
proposed site and expressed its willingness to provide ABE with cooperation to the pilot
demonstration work.

ABE submitted a proposal for “Verification Survey with the Private Sector for Disseminating
Japanese Technologies for Pre-stressed Concrete Tanks for Water Supply and Sewage
Treatment Systems” (hereinafter referred to as “the Survey”) to JICA in May 2014, which was
accepted by JICA in July 2014.

2. OUTLINE OF THE PILOT SURVEY FOR DISSEMINATING SME’S TECHNOLOGIES
(1) Purpose
Purposes of the Survey were as follows:

1) To verify advantages of ABE’s PC tanks that are “durable”, “economical”, “safe and
speedy in construction” and “contribute for efficient land use”, and effectiveness of its
technologies for solving some of the development issues of the country by constructing a
PC tank as a pilot demonstration. At the same time, this pilot PC tank is expected to
improve NWSDB’s water supply capacity in Beruwala area and contribute for uplifting
social and living environment of the community.

2) To enhance the capacity of NWSDB and other stakeholders regarding planning,
designing, construction, operation and management of PC tanks.

3) To introduce PC tanks as standard reservoirs of NWSDB in the country.

4) To make necessary arrangement to disseminate PC tanks in the country and formulate a

business plan to establish its business in the country.

(2) Activities
The following activities were conducted in the Survey.
1) Construction of a PC tank at Beruwala as a pilot demonstration and promotion of ABE’s PC
tank
A PC tank of 2,000m® was constructed at Beruwala with an enhanced NWSDB’s water supply
capacity in Beruwala and Aluthgama areas. After the commission of the PC tank in May 2018
until January 2019, because of the Survey, 389 numbers of new connections were provided.

Service hours of 25,200 households were increased; from 6 hours to 9 hours per day in



Beruwala and from 4 hours to 8 hours per day in Aluthgama. As a result, water consumption
amount was increased by 23,800 m?’/ month in the area. Number of new connections is further

expected to be increased after completion of the repair of the old RC tank at Beruwala.

ABE worked closely with NWSDB, local consultant and contractors throughout the Survey for

construction of the PC tank. This activity included the following sub-activities:

- Conduct investigation on NWSDB’s water supply plan and status of operation and
maintenance in Beruwala and Aluthgama areas.

- Conduct geological survey and measurement works at the pilot site and confirm design
condition of the pilot PC tank.

- Procure necessary materials and equipment and construct PC tank.

- Conduct demonstration workshops during the construction of the PC tank. Wall thickness
and volume of rebar of PC tank and air-dome technology were some of the skills and
technology that were highlighted in the demonstration workshops.

- Handed over the PC tank to NWSDB after completion of the construction, and NWSDB
conducts monitoring about the progress of new water connections and increase of service
hours in the target areas.

- Analyzed advantages and effectiveness of the PC tanks in terms of durableness, cost
efficiency, land use efficiency, constriction safety and speed.

- Hold seminars to share the result of verification and analysis of the PC tanks and transfer

of skills and technologies on PC tanks.

2) Technology transfer on planning, designing and construction of PC tanks to enhance the
capacity of NWSDB and other stakeholders
Technology transfer on planning, designing and construction of PC tanks from ABE to the
staff of NWSDB and local consultant and contractor was conducted through on-the-job training
(OJT), which included documentation of the technology; introduction of operation and
procedure manuals on planning, designing and construction of PC tanks; seminars and
workshops for safety measures and education. ABE also developed a set of technical standards
for designing, cost estimation and construction of PC tanks in Sri Lanka, which will be used by
NWSDB at the time of procurement of PC tanks in future. This activity included the following
sub-activities:
- Drafted “operation and procedure manuals on planning, designing and construction of PC
tanks” (hereinafter referred to as “the Manual”) after reviewing standard manuals on
construction of water tanks in the country.

- Conducted OJT to NWSDB staff at each stage of designing and construction in accordance



with the draft Manual; and hold safety seminars to NWSDB staff and other local
stakeholders to raise their awareness on safety management in construction.

Revised the draft Manual after training activities on quality management and safety
management in Japan.

Conducted quarterly visual inspection with NWSDB staff and advised the maintenance of

the PC tank after completion of the construction.

3) Introduction of PC tanks with air-dome engineering as a standard reservoir in Sri Lanka

The following activities were conducted for introducing PC tanks as standard reservoirs in Sri
Lanka:

Discussed the revised Manual with NWSDB management at the mid-term meeting.

Based on the discussion at the meeting, finalized the Manual.

Based on the finalized Manual, proposed a standardization plan of PC tanks in
collaboration with NWSDB.

Based on the finalized standardization plan of PC tanks, formulated a draft dissemination
plan of PC tank in Sri Lanka in collaboration with NWSDB.

4) Preparation for disseminating PC tanks in the country

Investigated market size and demand projection of PC tanks with review on needs of water
service and construction plan of water tanks, and collecting information on related laws
and regulations, and potential risks.

Studied feasibility of a packaged water business model being promoted by “the Life of
Water Chubu Forum”, a Public-Private-Academic partnership forum of water sector in
Chubu region.

Developed a plan for a new business and do preparation works for business operation in
Sri Lanka.

(3) Information of Product/ Technology to be Provided

ABE has developed technology of PC tanks for water supply facility in 1957 and constructed

the first PC tank in Japan. It is the pioneer of PC tanks and currently has a 60% of share of PC

tanks in Japan. It has also involved in setting-up standards for designing and construction of PC

tanks and made the PC tanks popular in the country. As a result, 70% of the distribution tanks in

Japan are PC tanks.

Figure 1 and 2 show structure of PC tanks and arrangement of PC tendons and rebars in a PC

tank respectively.
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The main features of ABE’s PC tank are as follows:
- Extremely Durable
A PC tank will never have a structural crack or a leakage. No maintenance is needed.
Estimated lifetime of ABE’s PC tanks is more than 100 years. Durability of ABE’s PC
tanks has been proved from the fact that the products had not been damaged even by
earthquakes and tsunami in Japan.
- Less land required
There is no restriction for PC tanks on height. It can be as tall as 50m. Therefore, a large
capacity of tank can be built in a small land area. PC tanks require less volume and time for
earth work than that for RC tanks, as PC tanks do not need excavation.
- Economical
PC tanks are economical as they need less volume of concrete and rebars compared with
RC tanks. This is because the walls of PC tanks, of which durability is ensured by
pre-stressing, are thinner than RC tanks.
- Safe and speedy in construction
Abe also has developed “air-dome technology”, which is very safe in construction. It also
developed a construction method of PC tanks using pre-cast concrete panels, which is
speedy in designing and construction. These are the superior technologies of ABE, which

are not owned by any other companies of similar kind in Japan and in overseas.

For the construction of a PC tank for the pilot demonstration work, only the materials and the



machinery, which were not available in Sri Lanka, were imported from abroad. They were; PC
tendons, tendon anchorages, air-dome materials, pre-tensioning systems and devices and an

air-dome control system. Other materials and machineries were procured in Sri Lanka.

(4) Counterpart Organization
National Water Supply and Drainage Board

(5) Target Area and Beneficiaries

- Target Area
The PC tank was constructed in the premises of Beruwala NWSDB OIC office in Kalutara
district. Demonstration was conducted at the same place. Technical transfer was conducted
mainly at the Head Office of NWSDB in Ratmalana in Colombo district.

- Beneficiaries:
Staff of NWSDB, local consultant and constructors were benefitted through the activities
of technical transfer.
Residences in Beruwala and Aluthgama area. As of January 2019, new connections were
provided for 389 households, and service hours were increase at 25,200 households, from 6
hours to 9 hours per day in Beruwala and from 4 hours to 8 hours per day in Aluthgama.

Water consumption amount was increased by 23,800 m’/ month in the area as a result.

(6) Duration
From December 2014 to June 2019



(7) Schedule of the Survey
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(8) Allocation of the Survey Team Members
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3. ACHIEVEMENT OF THE SURVEY
(1) Outputs and Outcomes of the Survey

As planned, a PC tank with the air dome method was constructed in this Survey; and it was
verified that a more durable tank can be constructed at a smaller land area; at the same
construction cost of a RC tank. ABE also demonstrated that the PC tank with the thin wall was

operated without any problem.

It was found at the final seminar of this Survey, that the advantages of PC tanks were well
acknowledged by NWSDB. At the seminar, questions were asked based on the understanding of
the design and construction method of the PC tanks from a professional point of view. This
shows that the Survey has definitely deepened the understanding and interest of NWSDB on PC

tanks.

The roof of the tank was constructed in two weeks by using the air dome method: while it
usually takes 2-3 months for construction of dome roof by conventional method. The air-dome
method was highly appreciated by the participants of the demonstration seminar, especially
because it would shorten construction period of tanks, and that no skilled workers were required.
NWSDB acknowledged about safety and convenience of constructing roofs by using air-dome

method as well.

Following table summarizes the advantages of the PC tanks verified in this Survey.

Items Result of Verification and Analysis
* Durability PC tank is highly durable

As a result of analyzing the design conditions of RC tanks and PC
tanks, it was found that RC tanks were designed with permissible
cracks; while PC tanks are designed without permissible cracks.
Explaining this difference to the NWSDB, their doubt and concerns
regarding the higher durability of PC tanks have been resolved.

- Construction The construction period of dome roofs of water tanks can be

period of doom | shortened by adopting the air dome method

roof Construction of the dome roof by the air-dome method of the Survey

required only 14 days, while constructing a dome roof by

conventional method usually requires 60 to 90 days. It has been




Items

Result of Verification and Analysis

verified that the construction period of doom roofs of water tanks can

be significantly shortened by adopting the air-dome method.

- Land area
required for
construction

- Utilization of

existing building

PC tanks require smaller land area

The Survey verified that a tall tank could be built on a small land area
and operated without any problems. The PC tank needed only around
50% of the land required for a RC tank with the same capacity.

PC tanks enable efficient use of existing buildings

Because the PC tank required smaller land extent, NWSDB did not
need to demolish a house at the construction site, and therefore,
convert it to a warehouse and is utilizing. This is an example to show
that PC tanks enable NWSB to utilize an existing land and building
effectively.

- Construction
cost

- Lifecycle cost
* Cost for land
acquisition

+ Electricity cost
for pump

operation

Construction cost of a PC tank and a RC tank is almost same

When comparing the actual construction cost of the PC tank and the
construction cost of the RC tank of Udawalawa, which is constructed
in the southern area of Sri Lanka with the same capacity (2,000 m®),
"RC tank: PC tank" is "1: 1.015", which is almost the same. See
Figure 4 for details.

The lifecycle cost of the air dome method is low

Compared with the lifecycle costs of the dome roof made by the
conventional reinforced concrete and that by the air-dome method,
"conventional method: air dome" of a tank with a capacity of 2,000
m® was "1: 0.80"; and those of a capacity of 15,000 m* was "1: 0.72".
Thus, the roofs made by airdrome method have a lower life cycle cost
than the conventional method. Lifecycle cost of a tank with
air-dome method become more efficient for larger capacity of tanks.

PC tanks contribute saving land acquisition costs

As mentioned above, the PC tank needed around half of the land that
was needed for a RC tank. NWSDB had acquired a land in the
construction site with a plan of constructing a RC tank. If they were
planned to construct a a PC tank from the beginning, and assuming
that this land acquisition was not necessary, NWSDB could have
saved the cost for the land acquisition, that was 4.3 million rupees.

PC tanks contribute saving of electricity cost for pump operation

The PC tank enabled NWSDB to distribute water by gravity by using




Items Result of Verification and Analysis

the height of the PC tank and realized savings of electricity cost for
pump operation by 400,000 rupees (about 300,000 yen) per month.

- Safety The air-dome method is highly safe
The safety and benefit of the air-dome method was well understood

by NWSDB and other stakeholders though the demonstration carried
out in the Survey. By adopting the air dome method, work at heights
became unnecessary, which make the construction safer and more

convenient.

Advantages — Economical _Cost comparison

RC Tank PC Tank

SECTIONAL ELEVATION X=X = |
rires o S rum: LYY o

Volume=2,000m? Volume=2,000m?
Height=6.4m Height=6.4m

Diameter=20.0m Diameter=20.0m

Estimatedcost=1 Estimated cost = 1.015

Same cost but the higher quality !!

Figure 4 Cost Comparison of RC and PC tank of 2000 m*

Technology transfer necessary for dissemination of PC tanks was also implemented through
training in Japan, mini-seminars and development of manuals jointly with the NWSDB. The
manuals were developed by obtaining active participation of NWSDB staff; and therefore, they
became easy to use and understand by Sri Lankan engineers. The manuals became essential
reference for NWSDB when they plan and design construction of PC tanks in the future.

It was expected that PC tanks would be introduced to water supply and sewage projects of
Japanese ODA projects and others, after the completion the Survey. Currently, several PC tanks

are planned to be constructed in the Kalu Ganga Project.

The PC tank constructed in the Survey provided the residents of the target area with benefits
such as improvement of water supply services and living environment and convenience. The

economic effect of saving electricity costs for pump operation was brought to the NWSDB. In



addition, since the PC tank is functioning, NWSDB became able to repair the old tank, which
will also improve the NRW (Non-revenue water) rate of the NWSDB in the area. In addition to
the economic benefit and durability of the PC tanks, these benefits such as the improvement of
the water supply coverage rate and the management of the NWSDB will also contribute to the

development issues in the country.

As described above, sufficient outputs have been created in this Survey, with regard to the
verification of comparative advantage of PC tanks, technical transfer, and future dissemination

of the PC tanks. The purpose of this project was well achieved.

(2) Self-reliant and Continual Activities to be Conducted by Counterpart Organization
Counterpart Organization uses the manual to plan and design PC tanks.

A manual for planning and designing of PC tanks has been completed. Based on this manual,
NWSDB is developing a textbook for design calculation of PC tanks. This self-effort of
NWSDB will further enhance self-reliance of the activities conducted in the Survey. PC tanks
are expected to become popular in the country by utilizing and updating this manual.
“ISO/FDIS 18407 :2018 guidelines for simplified design of prestressed concrete tanks for
potable water”, which was published in May 2018, will also contribute disseminating
Japanese technology on PC tanks in Sri Lanka.

ABE plans to utilize the results of this technology transfer to strengthen the relationships
with the NWSDB and local contractors, and to deepen ABE's involvement in the construction

of water reservoirs planned in the country.

4. FUTURE PROSPECTS
(1) Impact and Effect on the Concerned Development Issues through Business Development of

the Product/ Technology in the Surveyed Country

In Sri Lanka, improvement of the water supply coverage rate is one of the development issues.
Especially in urban areas of the country, it is urgent and necessary to renew and expand water
supply facilities, including distribution reservoirs, to meet the increasing water demand. In order
to do so, it is needed to construct large-scale distribution reservoirs. However, it is often
difficult for NWSDB to find a land with necessary area extent at a suitable location, because
most of the land in the country are already used as commercial and residential purposes, and

price of land is increasing.

The Survey verified that the PC tanks can be built on smaller land and with the same



construction cost of RC tanks. It was also proved that maintenance cost of PC tanks, including
cost for repairs and renovation, were minimum, because it would be highly durable; and
construction period could be significantly shortened by using the air-dome method. In this way,
the comparative advantages of the PC tanks were verified in this project; and it became apparent
that the PC tanks will contribute efficient and economical construction of distribution reservoirs,

that is needed for improving the coverage and service hours of water supply.

In addition to this, as a result of implementing gravity water supply by utilizing the height of
the PC tank, the electricity cost of pump operation of NWSDB was reduced. This contributed
improvement of operational efficiency of NWSDB, which is also an important management

issue of the organization.

(2) Lessons Learned and Recommendation through the Survey

1) Lessons Learned

The wall of the PC tank is constructed by placing concrete and insert a rod-like vibrator and
compress. The Sri Lankan work procedure for this process is different from that of Japan.
Different countries may have different work procedure and habits. In order to prevent such
problems, it is important to share ideas and work procedures before starting the work, and to
start the work after the discussion and with agreement. This also ensure quality of work and

improves technical skills of each other.

2) Recommendations
The following matters are recommended to NWSDB.

Adoption of PC tanks in the country

In the Survey, it was verified that PC tanks with air-dome methodology, require less land area,
thus saved cost and time for land acquisition and resettlements, have higher durability and less
maintenance cost, higher safety and speedy in construction. It will also improve efficiency of
operation and maintenance of the water distribution in the area. Therefore, it is recommended

NWSDB to adopt PC tanks in future planned water reservoirs in Sri Lanka, so that preparation,

construction, operation and maintenance would be faster and more cost efficient.

Improvement of concrete work for water tanks by using the manual

There were water leakages from the concrete wall of the PC tank during the construction
because of inappropriate consolidation and insufficient compaction of concrete. ABE analyzed
this problem and explained the prevention method in the construction manual of PC tanks.

Recommendations for further improvement are also stated in the manual, by explaining the



practices carried out in Japan. NWSDB is recommended to share this prevention methods with
staff members and contractors, make them fully understand about the need of improvement of
procedure and principles of concrete works by using the manual; before starting the construction

of'a PC tank, so that the above-mentioned problems would be prevented.

Timely implementation of ancillary work to enjoy project benefit on time

The PC tanks started operation only after two years from the planned date because of the delay
in construction of the yard piping. As a result, the consumers had to wait longer time than
planned to have improvement of service hours and new connections. It was also regrettable in
terms of operation efficiency that NWSDB could not enjoy benefit of cost saving of electricity
and increase of water consumption on time. In future, for the ancillary works needed for
construction of water tanks, NWSDB is recommended to develop more appropriate plan and
design according to the particular requirement of the construction site; and implement them with

a definite financial allocation.

ATTACHMENT: OUTLINE OF THE SURVEY
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Implemented Activities
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Outputs and Outcomes of the Survey
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»ODA project of PC tanks with air-dome
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expected to be deployed to Sri Lanka.
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